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Abstract 

The purpose of the present investigation was to systematically review randomized controlled trials 

examining the effects of psychological interventions on inflammatory biomarkers in adult populations 

and to quantitatively analyze those effects by meta-analysis. Two researchers independently searched 

key electronic databases, selected eligible publications, extracted data, and evaluated methodological 

quality. Nineteen randomized controlled trials examining a total of 1510 participants were included. The 

overall combined effect size from pre to post psychological intervention on pro-inflammatory biomarker 

levels was statistically significant, showing an attenuating effect, although of a small magnitude (Hedge’s 

g =0.15, p = .008, CI [0.04 - 0.26]). However, this effect was not maintained into the follow-up period (g 

<-0.01, p = .964, CI [-0.19 - 0.18]). Looking at the individual biomarkers assessed across studies, only C-

reactive protein (CRP) was found to significantly decrease following psychological intervention.  A 

number of moderation analyses were conducted, none of which reached statistical significance. 

However, the numerically largest – and significant – within-group effect size was obtained for the group 

of studies that had preselected participants based on elevated psychological distress (g = 0.29, p = .047). 

In conclusion, psychological interventions appear efficacious in reducing pro-inflammatory biomarker 

levels. Future studies are recommended to carefully select individuals based on inflammatory (e.g., the 

presence of low-grade inflammation) and/or psychological (e.g., psychological distress) criteria.   

 

Keywords: inflammation; psychotherapy; cancer; depression; CRP; cytokines  



  

3 
 

Highlights 

- Nineteen RCTs examined the effect of psychological intervention on inflammatory biomarkers 

- The effect size from pre to post intervention was statistically significant but small 

- The largest effect size was obtained for the studies preselecting on psychological distress 
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1. Introduction 

Inflammatory processes are increasingly recognized to be important contributors to both mental and 

physical illness (H. Li et al., 2017; Y. Li et al., 2017; Slavich, 2015; Smith et al., 2018). For instance, 

systemic levels of C-reactive protein (CRP) as well as certain cytokines and chemokines, e.g. interleukin-6 

(IL-6) and tumor necrosis factor-alpha (TNF-α), are elevated in individuals with clinical depression 

(Dantzer and Capuron, 2017; Köhler et al., 2017; Shariq et al., 2018), and it has been suggested that low-

grade inflammation is, in part, responsible for the increased rate of coronary heart disease found in this 

population (Chrysohoou et al., 2018; Halaris, 2017). Likewise, inflammatory processes are a hallmark 

etiological factor in cancer development and progression and are expressed not only at tumor sites but 

also peripherally (Chan et al., 2015; Diakos et al., 2014; Hanahan and Weinberg, 2011; J. Li et al., 2017). 

There is now increasing evidence from clinical studies that peripheral levels of pro-inflammatory 

biomarkers, (e.g., CRP) are predictive of cancer risk and survival (e.g., Allin et al., 2012; Zheng et al., 

2016). 

During acute inflammatory responses, the brain recognizes cytokines as molecular signals of 

sickness. This happens either through indirect, but relatively fast pathways, with cytokines activating 

afferent neural pathways (e.g., branches of the vagus nerve), or through more direct, but relatively slow 

pathways, with cytokines acting on a number of cell types in the brain (e.g., macrophage-like cells and 

endothelial cells of brain vessels) causing local cytokine production (e.g., Dantzer and Capuron, 2017; 

McCusker and Kelley, 2013). Both of these pathways as well as others less well studied, have been 

demonstrated to induce a syndrome of common symptoms of sickness, such as anhedonia, loss of 

appetite, aching joints, fever, sleepiness, fatigue, and withdrawal from social activities (e.g., D’Mello and 

Swain, 2017; Eisenberger et al., 2017). This behavioral repertoire is regarded as an adaptive, 

motivational system that reorganizes the organism’s priorities to facilitate recovery though conservation 

of energy, allocation of resources to combat infection, and eliciting support from others (Filiano et al., 
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2017; Lotrich, 2012). However, when the organism is exposed to chronically elevated systemic levels of 

pro-inflammatory cytokines this may result in persistent pernicious alterations in neurotransmitter 

function and behavior (D’Mello and Swain, 2017; Nasef et al., 2017) and contribute to risk of chronic 

disease (Slavich, 2015; Xu and Larbi, 2017). 

As inflammatory activity is influenced by stress and behavior through a range of 

neurotransmitters, interventions aimed at reducing stress and targeting specific behavioral problems 

might be expected to lead to reductions in biomarkers of systemic inflammatory responses. A meta-

analysis of 39 RCTs investigated the effect of what the authors characterized as “mind-body therapies” 

on a number of immune system outcomes (Morgan et al., 2014). The meta-analysis detected a medium 

and statistically significant effect of these therapies in reducing blood levels of CRP (Cohen’s d = 0.58), 

but did not find statistically significant effects for the remaining inflammatory biomarkers investigated 

(e.g., IL-6, IL-8, TNF-α, IFN- γ). The analyses also revealed considerable heterogeneity among studies, 

which may reflect the inclusion of a broad variety of interventions. For instance, the proportion of ‘mind 

vs. body’ in the interventions varied from being mainly based on verbal communication (e.g., imagery), 

to mostly consisting of physical movement (e.g., yoga). In addition, the type of control group varied, 

such that some studies had a waitlist control condition while others had an active control group. The 

potential moderating effects of these between-study differences were not addressed. The lack of effect 

on inflammatory biomarkers other than CRP may also be due to a lack of effect on the behavioral 

parameters targeted in the intervention. If the interventions were ineffective at the behavioral level – a 

question that was not addressed in the meta-analysis – it seems less likely that inflammatory biomarker 

levels would be altered. Finally, interventions not including bodily components were left out of this 

meta-analysis. However, more traditional psychological interventions show well-documented efficacy in 

reducing psychological distress, such as anxiety and depression (e.g., Carpenter et al., 2018; Cuijpers et 

al., 2013), and may therefore also be hypothesized to show effects on inflammatory markers. 
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Another recent review also investigated the effects of “mind-body therapies” on circulating 

biomarkers of inflammation (Bower and Irwin, 2016). This review was largely based on the same studies 

(73% overlap) as the meta-analysis described above (Morgan et al., 2014), although the studies here 

were limited to those with ‘widely available interventions’, which resulted in the inclusion of 22 studies. 

This descriptive review concluded that studies of mind-body therapies yielded mixed findings for 

circulating inflammatory markers, but no meta-analyses were conducted. The type of control condition 

was again unrestricted, and interventions not including bodily components were excluded. 

The purpose of the present investigation was to systematically review studies examining the 

effects of psychological interventions on inflammatory biomarkers in adult populations with mental or 

physical health problems and to quantitatively analyze those effects by meta-analysis. We defined a 

psychological intervention as an intervention in which verbal communication between a therapist and a 

participant was the core element or in which a psychological treatment was provided in a printed format 

or a computer program (e.g., guided self-help or bibliotherapy) that the participant worked through 

more or less independently, that could include physical elements (e.g., yoga or tai chi) but more than 

50% of the intervention had to have a psychological aim, for instance using cognitive behavioral therapy 

(CBT), mindfulness-based therapy (MBT) or guided imagery (cf. Cuijpers et al., 2009; Farver-Vestergaard 

et al., 2015; Seekles et al., 2013). This criterion was intended to include mindfulness-based therapies, 

but exclude interventions primarily based on physical movement and activity (e.g., yoga), since physical 

activity itself can affect systemic levels of inflammatory biomarkers (e.g., Hojman, 2017; Melo et al., 

2017). Furthermore, we wanted to compare the effects of such psychological interventions to non-

active control groups in order to limit between-study differences and the potential influence of the 

comparison group chosen. We planned to evaluate: a) the average effect of psychological interventions 

on both the combined and individual inflammatory biomarkers immediately following intervention and 

at a subsequent follow-up; b) the moderating effect of a number of a priori chosen variables (see 
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below); and, c) the association between the effects on behavioral outcomes (e.g., depression) and 

inflammatory biomarkers. We specifically hypothesized that psychological interventions would have an 

attenuating effect on pro-inflammatory biomarkers. 

2. Material and Methods 

2.1 Selection Criteria 

Study eligibility was assessed using the PICOS approach (Moher et al., 2015). Population: adults (≥18 yrs) 

with or without a diagnosis of mental or physical disease. Intervention: a) psychological intervention, 

defined as an intervention in which the main aim and approach were psychological (see above). The 

intervention could include physical elements (e.g., yoga) but approach and target of the intervention 

had to be primarily psychological. Comparator: participants randomized to at least one non-active 

control condition, (e.g., wait list, single psychoeducational meetings). Outcomes: reported at least one 

quantitative assessment of a systemic inflammatory biomarker post-intervention for both intervention 

and control groups (e.g., CRP, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-12, IL-10, IL-17, TNF-α, IFN-γ), measured 

in saliva, urine, or blood.  Studies were not required to report behavioral outcomes. Study design: 

randomized controlled trial (RCT); reported in English; results reported such that an effect size could be 

calculated. Studies were excluded if they only examined the effect on a short-term inflammatory 

response (i.e., < 3 days) to an acute stressor (e.g., having surgery, being exposed to an experimental 

challenge) or only reported stimulated levels of cytokines. All papers were evaluated independently by 

authors MSO and MR, and disagreement on the inclusion/exclusion of a study was resolved by 

consensus and discussion with a third author (RZ). 

2.2 Search strategy 

 A keyword-based search in the electronic databases of PsychINFO and Pubmed was conducted. 

Keywords related to inflammation (inflammation OR inflammatory OR cytokine* OR CRP OR “C-reactive 

protein” OR chemokine* OR interleukin OR IL-1β OR “IL-1beta” OR IL-2 OR TNF-α OR TNF-alpha OR IL-6 
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OR IL-8 OR IL-12 OR IL-17 OR IL-4 OR  IL-5 OR IL-10 OR interferon OR IFN-γ) were combined with 

keywords related to psychological intervention (psychotherap* OR “cognitive therap*” OR “Cognitive-

behav* therap*” OR "psychol* treatment" OR "psychol* intervention" OR CBT OR “Cognitive behav* 

therap*” OR mindfulness OR MBSR OR MBCT OR hypnosis OR “imagery” OR “relaxation therapy” OR 

“applied relaxation” OR ACT OR “Acceptance and commitment therapy” OR DBT OR “dialectic behavior 

therapy” OR “prolonged relaxation” OR “mind-body therapy” OR “mind-body treatment” OR “mind-

body therapy” meditation OR “coping skills” OR “problem-solving” OR “cognitive intervention” OR 

“behav* intervention” OR “behavi* activation” OR “behav* therap*” OR psychoeducation* OR psycho-

education* OR yoga). Two independent searches were conducted by MSO and MR for the period from 

the earliest dates available in the databases through January 2018. In addition, a backward search 

(snowballing) for additional studies to include was conducted using reference lists of identified articles 

and earlier systematic reviews together with a forward search (citation tracking) until no additional 

relevant articles were found. 

2.3 Data extraction 

 Means and standard deviations for both inflammatory biomarkers and behavioral outcomes 

were extracted. When means and standard deviations were not available, the study authors were 

contacted (see Results). Studies were coded for specific inflammatory biomarkers assessed (e.g., IL-6) 

and bodily fluids sampled (i.e., blood, urine, or saliva), as well as whether they assessed and analyzed 

potential confounding variables including timing of sampling to control for diurnal variation (e.g., 

Nilsonne et al., 2016), participant characteristics (e.g., age, gender, race/ethnicity, body mass index 

[BMI]), clinical diagnosis if any (e.g., cancer, depression, insomnia), intervention characteristics (e.g., 

treatment format [individual or group], intervention modality [face-to-face, web-based, phone-based, 

bibliotherapy], number of sessions, intervention period duration [from first to last intervention 

session]). If studies allocated participants to more than one psychological intervention, an average effect 



  

9 
 

size was calculated for those particular studies in order not to violate the assumption of independence 

between observations (Borenstein et al., 2009).  

Studies were additionally rated for quality (Jadad score; Jadad et al., 1996) using the 11 original 

Jadad criteria. Five additional criteria particularly relevant for the type of studies reviewed in the present 

paper were also rated: 1) Were there clear descriptions of the procedures for the control (comparison) 

group(s)? 2) Were the statistical methods clearly described? 3) Was the text free of any indications of 

selective outcome reporting (Sterne et al., 2008)? 4) Were the procedures for collection and assessment 

of the inflammatory biomarkers clearly described?  5) Was the study pre-registered in a public data-

base, e.g., ClinicalTrials.gov? These criteria address methodological clarity regarding the intervention 

and potential biases in reporting. Quality criteria were rated on a scale from 0 to 2 (with larger scores 

indicating higher quality), yielding a total score ranging between 0 and 32. Quality scores were not used 

as weights when calculating effect sizes, as this is not recommended (Greenland and O’Rourke, 2001). 

All codings and ratings were made by the first (MO) and third (MR) author. Disagreements were 

discussed and resolved by consensus and discussion with the last author (RZ). Literature search and data 

extraction protocols are available upon request.  

2.4 Analytic overview 

Meta-analyses were performed for inflammatory biomarkers categorized as primarily pro-

inflammatory or anti-inflammatory, based on how the respective biomarkers are generally viewed in the 

immunological literature (e.g., Banchereau et al., 2012; Gleeson et al., 2011; Sims and Smith, 2010). In 

addition, when a sufficient numbers of studies (K≥3) were identified for a given inflammatory biomarker, 

meta-analyses were performed to determine the effect of psychological interventions on each 

biomarker. Analyses were conducted for two time periods; that is, from pre- to immediately post-

intervention, and from pre-intervention to the last follow-up assessment. These main analyses were 

based on random-effects models. In addition, planned exploratory moderation analyses were conducted 
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testing the effect on inflammatory biomarkers of a number of variables. Categorical variables (e.g., 

primary diagnosis, treatment type, treatment format, treatment recipient) were explored with meta-

ANOVAs, whereas continuous variables (i.e., age, % women, % Whites, BMI, quality, number of sessions, 

duration of treatment, effect on behavioral outcomes) were considered in meta-regression analyses, 

based on random-effects models and estimated with the Maximum Likelihood method. In the regression 

analyses, the proposed moderators served as independent variables with the effect size serving as the 

dependent variable. In order to evaluate the association between the effect of the psychological 

interventions on inflammatory biomarkers and behavioral outcomes, an effect size for the behavioral 

outcomes was calculated following the same principles as with the biomarkers, after which the two 

weighted effects sizes were also explored in a meta-regression analysis. 

Effect sizes are expressed as Hedge’s g in order to adjust for a potential bias to overestimate the 

effect size in small samples (Hedges and Olkin, 1985), and values of 0.2, 0.5, and 0.8 were considered 

small, medium, and large, respectively (Cohen, 1988). A p-value < 0.05 was considered statistically 

significant. Positive effect sizes indicate that the psychological interventions were associated with lower 

levels of pro- or anti-inflammatory biomarker. Each effect size was weighted by its precision (inverse 

variance), so that interventions with larger samples contributed more to the estimate of the overall 

effect size. Heterogeneity was explored using Q and I² statistics. Q-tests concern the probability that 

results reflect systematic between-study differences. Due to the generally low statistical power of 

heterogeneity tests, a p-value ≤0.10 was used to indicate heterogeneity (Hedges and Pigott, 2001). The 

I² statistic is an estimate of the degree of heterogeneity and is considered unaffected by the number of 

studies. An I² value of 0% indicates no observed heterogeneity. Values of 25%, 50%, and 75% are 

considered low, moderate, and high, respectively (Higgins and Thompson, 2002). 

 Positive and negative findings may not be equally likely to get published, thereby introducing 

risk of publication bias. The distribution of effect sizes was visually inspected by means of funnel plots 
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and tested with Egger’s test (Egger et al., 1997). When our analyses indicated possible publication bias, 

an adjusted effect size was estimated using Duval and Tweedie’s (2000) trim-and-fill method, which 

imputes missing results and recalculates the effect size. The file-drawer problem, that is, the possibility 

that unidentified or unpublished studies with null findings could alter statistically significant meta-

analysis results, was evaluated by Rosenthal’s fail-safe number (Rosenthal, 1979). If the fail-safe number 

exceeded 5K + 10, with K being the number of studies included in the meta-analysis, the file drawer 

problem was considered sufficiently low to allow acceptance of results as unaffected by that potential 

source of bias.  

 All analyses were conducted using the Comprehensive Meta-Analysis program, version 3.3.070 

(“Comprehensive meta-analysis,” 2014). The study was preregistered in PROSPERO (registration 

number: CRD42017065639). 

3. Results 

3.1 Search results and study characteristics 

The flow of study selection with reasons for exclusion is presented in Figure 1. The literature 

searches yielded 1764 unique records. A total of 121 full texts were assessed for eligibility, and 21 

studies fulfilled the inclusion criteria. Authors of eleven studies were contacted and requested to 

provide additional data needed for our analyses. Six authors were able to provide the necessary data. 

Three authors did not respond. These three studies specifically reported a non-significant effect, so we 

set the effect size to “0” and included these studies. Since this approach may be too conservative, 

sensitivity analyses were conducted comparing the results with and without these three studies. Two 

authors reported that they were unable to locate the data. These two studies were excluded because no 

meaningful effect size or direction could be calculated. This process resulted in a total of 19 studies that 

were included in the final meta-analysis. 
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The included studies reported on a total of 1510 participants (Mean N per study = 79; range: 15 to 

322), with data analyzed for 1356 participants. The mean age was 53 years (range: 24 to 73); 82% of the 

participants were women (range: 46 to 100); and 80% were white (range: 53 to 100). Studies included 

participants across a variety of clinical populations, including individuals with a history of: a cancer 

diagnosis (k=7), autoimmune disease (k=4), depression (k=3, of which two samples were at risk for or 

had an existing heart condition), or sleep disturbances (k=2). Non-clinical populations included older 

adults (k=2) and caregivers of family members with dementia (k=1). The most common psychological 

interventions were meditation- and mindfulness-based interventions (k=8), followed by CBT (k=6). 

Participants on average received 9.3 (range: 4 to 20) sessions over 10.5 weeks (range: 4 to 37). Four 

inflammatory biomarkers were assessed in at least three studies at pre- and post-intervention (CRP, IL-

1β, IL-6, TNF-α), and two outcomes were assessed in at least three studies at pre-intervention and 

follow-up (CRP, IL-6). For study characteristics, see Table 1. All inflammatory biomarkers were classified 

as pro-inflammatory except for IL-4, IL-5, IL-10, and IL-13, which were classified as anti-inflammatory 

(e.g., Banchereau et al., 2012; Gleeson et al., 2011; Sims and Smith, 2010). Sixteen studies (84%) relied 

on biomarker assessment in the blood, three relied on saliva (16%). Five of the 19 studies pre-selected 

participants based on a measure of psychological distress. The mean modified Jadad score (quality 

metric) was 21 with a range from 12 to 26. The studies scored lowest on the item examining 

blinding/masking (sum score on scale from 0 to 26 = 3) that rated the masking of the study condition 

assignment to the participants and the item on pre-registration in a public depository (sum score = 6). 

The overall inter-rater reliability for the Jadad items before negotiations was acceptable (κ=0.77). 

3.2 Pooled effect sizes and between-study differences 

The overall combined effect size from pre to post psychological intervention on pro-inflammatory 

biomarker levels was statistically significant, showing an attenuating effect, although of a small 

magnitude (Hedge’s g =0.15, p = .008, CI [0.04 - 0.26]). See Table 2 and Figure 2. When the studies with 
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an overall effect size set to zero were excluded, a statistically significant effect, also of small magnitude, 

continued to be detected (g = .16, p = .007). The following results are therefore based on all included 

studies. Only six studies with pre- and post-intervention data controlled for the time of day by restricting 

sampling time to a certain time range. Analyzed separately, these studies revealed a non-significant 

effect size (g=0.13, p=.108). 

Four individual pro-inflammatory outcomes were assessed in at least three studies each, and 

were therefore evaluated separately. The effect of psychological intervention on CRP levels was positive, 

statistically significant and of small magnitude (k=10, g = 0.23, p = .006), see Forest plot in Figure 3. 

When the studies not using a high-sensitivity measure of CRP were excluded, the effect was only trend-

wise significant, and continued to be of a small magnitude (k=7, g = 0.20, p = .078). The mean average 

absolute concentration of CRP was calculated from the (6 out of 10) studies providing raw means (i.e., 

those not just providing test parameters). The mean baseline CRP concentration was 6.8 mg/L (SD=7.0). 

The effect on IL-6 was not statistically significant (k=9, g = 0.09, p = .204), nor was the effect on IL-1β 

(k=3, g = 0.21, p = .370) or TNF-α (k=6, g = 0.11, p = .188).  

 A number of planned moderation analyses were conducted, none of which were statistically 

significant. Moderators included diagnosis (i.e., autoimmune disease vs. cancer), treatment type (CBT vs. 

meditation/mindfulness), treatment format (face-to-face vs. other), treatment recipient (group vs. 

individual), study quality (i.e. Jadad), mean sample age, percent women, percent Whites, BMI, number 

of sessions, treatment duration, and effect on behavioral outcomes. See Tables 2 and 3. The overall 

effect on the behavioral outcomes was large post intervention (g=0.80, p < .001) but did not correspond 

to the effect on pro-inflammatory biomarkers (p = .593). Due to this finding, it was decided posthoc to 

also code studies for whether or not participants had been included in the individual studies based on 

psychological distress criteria. Although this way of grouping the studies did not moderate the outcome, 

the numerically largest effect size, which turned out to be statistically significant, was obtained for the 
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group of studies (k=4) that had preselected participants based on elevated psychological distress (g = 

0.29, p = .047). 

Concerning effects at follow-up, the mean time from pre-intervention to follow-up was 35 

weeks (range: 12 to 70 weeks). The overall combined effect from pre-intervention to follow-up found in 

the combined pro-inflammatory analysis across the 7 studies with a follow-up assessment of 

inflammatory biomarkers did not reach statistical significance (Hedge’s g <-.01, p = .964, CI [-.19 - .18]). 

At the individual biomarker level, neither the effect on CRP (g = .18, p = .225) nor on IL-6 (g = -.07, p = 

.469) reached statistical significance. 

Heterogeneity was generally low and statistically non-significant in all analyses, indicating that 

differences between study effects could largely be due to sampling error despite differences in study 

characteristics. 

Only three studies included outcomes classified as anti-inflammatory, of which only two 

provided data from pre to post therapy. Thus, a combined variable of anti-inflammatory outcomes was 

not calculated, and moderation analyses were only conducted on the combined pro-inflammatory 

biomarkers. 

3.4 Publication bias 

For all statistically significant results above, the risk of publication bias was evaluated (see Table 2). Four 

analyses were adjusted for possible publication bias, which did not change the results substantially. 

Furthermore, all analyses failed to meet the criterion for the fail-safe N, indicating a lack of robustness 

of the results. 

4. Discussion 

Based on a systematic review, 19 studies fulfilled the inclusion criteria for the present meta-analysis. 

Concerning the overall effect of psychological interventions on pro-inflammatory biomarkers, a small 
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but significant attenuating effect (g=0.15) was detected. However, this effect did not last into the follow-

up period, where a non-significant and negligible effect was found (g<-0.01). 

Only four pro-inflammatory biomarkers were assessed in at least three studies (i.e., CRP, IL-6, IL-

1β, TNF-α), which was employed as the criterion for conducting a meta-analysis at the individual 

biomarker level. When looking at the individual biomarkers, it appeared that the overall effect 

immediately following the psychological intervention was mainly driven by an attenuating effect on CRP, 

as this was the only significant analysis at the individual biomarker level.  The effect size was estimated 

to be of a small magnitude (g=0.23), which is lower than that detected in the meta-analysis by Morgan 

et al. (2014), which was of a medium magnitude (d=0.58). This divergence is most likely due to a 

difference – or error - in calculating the effect size from the Oh et al.-study (2010), where Morgan et al. 

(2014) reports a very large effect size (d=2.28), whereas the present analyses detects an effect size of a 

much lower magnitude (d=0.41; based on the final N of 101 individuals, a mean group difference on CRP 

of 23.17, and a t-value of 2.0). In terms of absolute concentration levels, the mean CRP was 6.8 mg/L 

(SD=7.0). With an effect size of 0.23, psychological interventions decreased CRP levels with 1.6 mg/L 

immediately following the intervention. 

In terms of psychological issues, there is an increased likelihood (odds ratio = 1.38) of 

experiencing psychological distress and depression even at relatively low concentrations of CRP (1.01 to 

3.00 mg/L; Wium-Andersen et al., 2013). Based on such numbers, a mean reduction in CRP of 1.6 mg/L 

as evidenced in the present meta-analysis has the potential to be clinically relevant. Furthermore, CRP 

has been found to be a strong predictor of all-cause mortality (e.g., J. Li et al., 2017; Y. Li et al., 2017; 

Ridker, 2008). For instance, one study (Marsik et al., 2008) has found that patients with CRP 

concentrations >5 mg/L at the time of hospital admission had a 50% to 330% increase in risk of death 

from any cause, rising in magnitude as CRP concentration increases. Although the effect of psychological 

interventions on CRP could not be statistically detected in a longer follow-up period in the present meta-
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analysis, this sub-group analysis only included four studies. Interestingly, although non-significant, the 

effect remained at the same absolute size (g=0.18) despite the small number of papers included. It 

remains to be determined whether the ability of psychological interventions to significantly reduce CRP 

concentrations can have a lasting effect, and thus might in turn have a positive impact on morbidity and 

mortality. Taken together, much more research is needed concerning clinically relevant levels of 

changes for a broader range of biomarkers in different populations. The present study points to 

psychological interventions’ ability to decrease pro-inflammatory biomarkers - driven by effects on CRP. 

Additional research is now warranted to explore the relationships between intervention-induced 

decreases in CRP and improvements in clinically  relevant outcomes, as well as to further explore other 

inflammatory biomarkers. Finding an effect only on CRP may have several explanations. First, where the 

mean effect size for CRP was of a small magnitude (g=0.23), it was even smaller, and negligible, for IL-6 

(g=0.07). In this regard it should be noted that CRP and cytokines are different types of biomarkers in 

that IL-6, IL-1β, TNF-α all induce the synthesis of various acute phase proteins, including CRP (Prasad, 

2006). Furthermore, CRP and IL-6 are not always correlated (e.g., Conway et al., 2004) and may be 

differentially related both in the different conditions tested (e.g., cancer, loneliness) and in their 

response to psychological intervention. More studies are needed in order to understand such potential 

differential effects of psychological interventions on various pro-inflammatory biomarkers.  

A number of moderation analyses were conducted, none of which were significant, which may 

in part be explained by the small number of studies, resulting in low statistical power. Although all 

moderators were non-significant, it should be noted that the numerically largest effect size (g=0.29) was 

found for the studies that pre-selected participants based on elevated psychological distress, either as a 

clinical diagnosis (e.g., depression, insomnia) or elevated clinical symptomatology. Only five studies in 

total employed such pre-selection criteria, and even when doing so, it should be underscored that 

inflammation, although a part of the pathophysiology of one condition, may not be present in all 



  

17 
 

subjects. For instance, although low-grade inflammation has been detected in major depressive disorder 

(Dantzer and Capuron, 2017), not all individuals with depression may show such low-grade inflammation 

(Raison et al., 2013). Furthermore, with only five studies pre-selected participants based on the 

presence of psychological distress, the overall detected effect should therefore be interpreted in this 

light, where a floor-effect may be involved simply due to inclusion criteria in the included studies. 

Although the psychological interventions did show an overall significant effect in reducing pro-

inflammatory biomarkers, the correlation between the size of the intervention effect on behavioral 

outcomes and pro-inflammatory biomarkers was not significant. Given this finding and the other 

moderation analyses, it remains a question for whom more specifically this association – between 

emotional distress and inflammation - can be established.  

Limitations of the present meta-analysis include: 1) Only seven studies could be included in the 

follow-up analysis, at it therefore remains uncertain whether the detected effect immediately following 

treatment is maintained. 2) The biological measures were only collected once per time point, which 

must be considered a methodological weakness, potentially obscuring true effects. Related to this, one 

possible source of bias in these studies is the release of myokines in response to movement, depending 

on when sampling was made. For instance, IL-6 can be identified in the bloodstream in response to 

muscle contractions, in which case it is thought to play an anti-inflammatory role by, among other 

things, inhibiting TNF-α (Muñoz-Cánoves et al., 2013). 3) Correlations between saliva and plasma 

samples have been found to vary depending on the specific biomarker (Williamson et al., 2012). While 

comparisons of absolute concentrations of biomarkers obtained through different mediums can be 

problematic, this is less critical when measuring change over time. Exclusion of the three studies relying 

on biomarker assessment in saliva from the analyses did not appear to change the results (g=0.015, 

p=.012). 4) Only seven studies in total controlled for sampling time, which means that the overall effect 

should be interpreted in light of this uncertainty introduced by not taking diurnal variation into account. 
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5) Included studies reflect a large heterogeneity both among treated conditions and types of treatment. 

However, statistical heterogeneity was generally very low and statistically non-significant in all analyses, 

indicating that differences between study effects could largely be due to sampling error despite 

differences in study characteristics.  

Future studies should pay particularly careful attention to their inclusion strategy, either 

selecting participants based on the presence of a physical condition known to involve inflammation for 

all individuals (e.g., an inflammatory disease) and/or elevated psychological or behavioral difficulties. In 

addition, studies should allow for multiple and controlled sampling of the inflammatory biomarkers of 

interest. 

5. Conclusions 

In conclusion, 18 studies fulfilled the inclusion criteria for the meta-analysis, which revealed a 

statistically significant effect of psychological interventions on pro-inflammatory biomarkers of a small 

magnitude, which did not last into the follow-up period. Looking at the individual biomarkers, only CRP 

turned out to significantly decrease following psychological intervention. Although none of the 

between-group moderation analyses turned out significant, the numerically largest effect size (g=0.29) 

was found for the studies that pre-selected participants based on elevated psychological distress, either 

as a clinical diagnosis (e.g., depression, insomnia) or elevated clinical symptomatology. Future studies 

should carefully select individuals based on either inflammatory (e.g., the presence of low-grade 

inflammation) or psychological (e.g., psychological distress criteria). An important development of the 

field would be to further study inflammatory correlates to successful psychological treatment in such 

carefully selected patient samples.   
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Table 1: Characteristics of the 19 studies included in the meta-analysis 

 

Author 
[Jadad sum 
score, range 
0 to 26] 
 

Population  
Recruited based on 
psychological distress 
(randomized N, analyzed N) 

Intervention  
(control) 

Number of sessions and 
duration 
(follow-ups past post 
assessment) 
Delivery mode; face-to-face, 
audio, video (recipient; group 
or individual) 
 

Sample demographic 
characteristics:  
Age (mean), 
Gender (% women) 
Race (% white) 
 

Inflammatory 
biomarkers  
(bodily fluid 
sampled; control 
for diurnal 
variation) 

Behavioral outcomes 

Bae et al., 
(2012) [15]* 

Atopic dermatitis patients 
No 
(25, 24) 

Progressive muscle 
relaxation (standard 
care) 

8 practice sessions over 4 
weeks (Post, No FUs) 
At home video and audio 
programs (individual) 

Mean age=24 
%Women=46 
%White=NA 

IL-4, IL-5, IL-13, 
NPY 
(Blood; Yes) 

Anxiety (STAI, IAS),  
Depression (BDI-II) 

Bower et al., 
(2016) [26] 

Breast cancer survivors  
No 
(71,65) 

Mindfulness awareness 
practices (wait-list) 

6 sessions over 6 weeks (Post, 
No FU on inflammatory 
outcomes) 
Face-to-face (group) 

Mean age=47 
%Women=100 
%White=76 

hs-CRP, IL-6, 
sTNF-RII 
(Blood; Yes) 

Depression (CES-D), 
Fatigue (FSI), Fear of 
recurrence (QLACS), 
Intrusive thoughts (IES), 
Meaning and peace 
(FACIT), Pain (BCPT), 
Perceived stress (PSS), 
Positive affect (PANAS), 
Sleep quality (PSQI) 

Chen et al., 
(2008) [24] 

Patients with peritoneal 
dialysis and insomnia  
Yes, severe sleep disturbance 
(26,26) 

CBT and sleep hygiene 
education (sleep 
hygiene education only) 
 

4 sessions over 4 weeks (Post, 
No FU) 
Face-to-face (group) 

Mean age=49 
%Women=74 
%White=NA 

IL-1β, IL-6, IL-18, 
TNF-α 
(Blood; No) 

Fatigue (FSS), Sleep quality 
(PSQI) 
 

Creswell et 
al., (2012) 
[22] 

Lonely older adults 
No 
(40,40) 

MBSR (wait-list) 9 sessions over 8 weeks (Post, 
No FU) 
Face-to-face (group) 

Mean age=65 
%Women=80 
%White=65 

hs-CRP, IL-6 
(Blood; No) 

Loneliness (UCLA-R) 

Doering et Depressed women following CBT (standard care) 8 sessions over 8 weeks (No Mean age=60 hs-CRP, IL-6 Depression (BDI) 
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al., (2007) 
[17] 

coronary artery bypass graft 
surgery 
Yes, diagnosis of depression 
(15,15) 

post, 3 and 6 months FUs) 
Face-to-face at home 
(individual) 

%Women=100 
%White=53 

(Blood; No)  

Eremin et 
al., (2009) 
[20]* 

Women with breast cancer 
undergoing multimodality 
therapy 
No 
(81,71) 

Relaxation and guided 
imagery therapy 
(standard care) 

5 sessions for regular practice 
(regular FUs up to 37 weeks 
from baseline) 
At home audio program 
(individual) 

Mean age=50 
%Women=100 
%White=NA 

IL-1β, IL-2, IL-4, 
IL-6, TNF-α 
(Blood; Yes) 

- 

Gallegos et 
al., (2013) 
[12] 

Older adults 
No 
(200,200) 

MBSR (wait-list) 9 sessions over 8 weeks (Post, 3 
and 24 weeks FUs) 
Face-to-face (group) 

Mean age=73 
%Women=62 
%White=97 

IL-6 
(Blood; No) 
 

Positive affect (PANAS) 
 

Irwin et al., 
(2014) [24] 

Individuals with late life 
insomnia 
Yes, chronic and primary 
insomnia 
(75,75) 

CBT (sleep hygiene 
seminar) 

Weekly sessions over 4 months 
(Post, 3 and 12 months FUs) 
Face-to-face (group) 

Mean age=65 
%Women=75 
%White=86 

hs-CRP 
(Blood; Yes) 

Depression (IDS-C), Fatigue 
(MDFSI), Sleep quality and 
parameters (PSQI, AIS, 
PSD), Sleepiness (ESS) 
 

Menzies et 
al., (2014) 
[20] 

Women with fibromyalgia 
No 
 
(72,64) 

Guided imagery 
(standard care) 

Daily practices for 10 weeks 
(Post, No FUs) 
At home audio program 
(individual) 

Mean age=47 
%Women=100 
%White=64 

hs-CRP, IL-1β, IL-
2, IL-4, IL-5, IL-6, 
IL-7, IL-8, IL-10, 
IL-12, IL-13, IL-17, 
TNF-α, IFN-γ, 
GM-CSF, MCP-1 
MIP-1β 
(Blood; Yes) 

Depression (CES-D), 
Fatigue (BFI), Self-efficacy 
for managing other 
symptoms (ASES), Pain 
(BPI), Perceived stress 
(PSS) 
 

Oh et al., 
(2008) [21] 

Mixed cancers 
No 
(30,18) 

Medical Qigong 
(standard care) 

8 to 16 sessions over 8 weeks 
(Post, No FUs) 
Face-to-face (group) 

Mean age= 54 
%Women=75 
%White=84 

hs-CRP 
(Blood; No) 

Quality of life (EORTC QLQ-
C30) 

Oh et al., 
2010 [25] 

Mixed cancers  
No 
(162,101) 

Medical Qigong 
(standard care) 

20 sessions over 10 weeks 
(Post, No FUs) 
Face-to-face (group) 

Mean age=60 
%Women=58 
%White=71 

CRP 
(Blood; No) 

Cancer-related fatigue 
(FACT-F), Mood (PoMS), 
Quality of life (FACT-G) 

Oken et al., 
(2010) [25] 

Caregivers of a close family 
member with progressive 
dementia 

Meditation intervention 
based on MBSR and 
MBCT (attention 

7 sessions over 7 weeks (Post, 
No FUs) 
Face-to-face (group) 

Mean age=63 
%Women=85 
%White=90 

hs-CRP, IL-6, TNF-
α 
(Saliva; No) 

Behavior problems (NPI), 
Coping strategies (CRI), 
Depression (CES-D) 
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No  
(20,17) 

control)  Energy and fatigue (SF-36), 
Mindfulness (MAAS, FFNJ), 
Perceived stress (RMBPC, 
CAT, PSS), Self-efficacy 
(GPSES; RMBPC), Sleep 
quality (PSQI, ESQ) 

Pakiz et al., 
(2011) [24] 

Overweight or obese breast 
cancer survivors 
No 
(85,68) 

CBT-based weight 
management (waitlist) 

16 sessions over 16 weeks + 8 
sessions over an additional 8 
months (Post weekly sessions 
at 16 weeks, no FUs for 
inflammatory outcomes) 
Face-to-face (group) 

Mean age=56 
%Women=100 
%White=94 

IL-6, IL-8, TNF-α, 
VEGF 
(Blood; Yes) 

- 

Reich et al., 
(2017) [25]  

Breast cancer survivors 
No 
(322, 299) 

MBSR (wait-list) 6 sessions over 6 weeks (Post, 6 
week FU) 

Mean age=57 
%Women=100 
%White=69 

IL-6, TNF-α, 
sTNFR1 
(Blood; Yes) 

Pain (BPI), fatigue (FSI), 
depression (CES-D), 
Anxiety (STAI-S), Stress 
(PSS), concerns about 
recurrence (CARS), quality 
of life (SF-36) 

Richardson 
et al., (1997) 
[18]* 

Breast cancer survivors 
No 
(31,31) 

Imagery (standard care) 6 sessions over 6 weeks (Post, 
no FUs) 
Face-to-face (group) 

Mean age=46 
%Women=100 
%White=70 

IL-1α, IL-1β, IL-2, 
IFN-γ 
(Blood; No) 

Coping (WOC-CA), Mood 
(PoMS-B), Quality of life 
(FACT-B), Social support 
(DUFSS) 

Sharpe et 
al., (2001) 
[21] 

Rheumatoid arthritis 
patients 
No 
(45,38) 

CBT (standard care) 8 sessions over 8 weeks (Post, 6 
month FU) 
Face-to-face (individual) 
 

Mean age=56 
%Women=71 
%White=93 

CRP 
(Blood; No) 

Anxiety and depression 
(HADS), Coping (CSQ), 
Limitation and disability 
(HAQ), Pain (10-point 
scale) 

Sharpe & 
Schrieber, 
(2012) [24] 

Rheumatoid arthritis 
patients 
No 
(98,98) 

CBT (waitlist) 8 sessions over 8 weeks (Post, 6 
month FU) 
Face-to-face (individual) 
 

Mean age=56 
%Women=60 
%White=NA 

CRP 
(Blood; No) 

Anxiety and depression 
(HADS), Limitation and 
disability (HAQ) 

Taylor et al., 
(2009)[19] 

Depressed patients with 
high risk for coronary heart 
disease 

CBT (waitlist) On average 15 sessions over 6 
months (Post, No FUs) 
Face-to-face and telephone 

Mean age=62 
%Women=67 
%White=96 

hs-CRP 
(Saliva; No) 

Depression (HRSD, BDI) 



  

32 
 

Yes, diagnosis of depression 
(48,42) 

calls (individual) 

Walsh et al., 
(2016) [20] 

Young women with 
depressive symptoms  
Yes, mild to moderate 
depressive symptoms 
(64,64) 

Mindfulness-based 
intervention (contact 
control group) 

4 sessions over 4 weeks (Post, 
No FUs) 
Face-to-face (group) 

Mean age=19 
%Women=100 
%White=86 

IL-6, TNF-α 
(Saliva; No) 

Depressive symptoms 
(CES-D) 

Note. *=imputed effect size of Hedge’s g=0.0; AIS= Athens Insomnia Scale; ASES=Arthritis Self-Efficacy Scale; BCPT=Breast Cancer Prevention 

Trial Symptom Checklist; BDI=Beck Depression Inventory; BFI=Brief Fatigue Inventory; BPI=The Brief Pain Inventory; CARS=Concerns about 

recurrence scale; CAT=Caregiver Appraisal Tool; CBT=cognitive behavioral therapy; CES-D=The Center Epidemiologic Depression Scale; 

CRI=Coping Response Inventory; CRP=C-reactive protein; CSQ=Coping Strategy Questionnaire; DUFSS=The Duke-UNC Functional Social Support 

Questionnaire; EORTC QLQ-C30=European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; ESQ=Epworth Sleep 

Questionnaire; ESS=Epworth Sleepiness Scale; FACIT=Functional Assessment of Chronic Illness Therapy; FACT-B=The Functional Assessment of 

Cancer Treatment-Breast; FACT-G=Functional Assessment of Cancer Treatment-General;  FACT-F= Functional Assessment of Cancer Treatment-

Fatigue; FU=follow-up; FFNJ=Nonjudgmental factor derived from several mindfulness scales; FSI=Fatigue Symptom Inventory; FSS=Fatigue 

Severity Scale; GM-CSF=Granulocyte macrophage colony-stimulating factor; GPSES=General Perceived Self-Efficacy Scale; HADS=Hospital Anxiety 

and Depression Scale; HAQ=Health Assessment Questionnaire; HRSD=Hamilton Rating Scale for Depression; hs-CRP= high sensitivity CRP; 

IAS=Interaction Anxiousness Scale; IDS-C=Inventory of Depressive Symptomatology; IES=Impact of Events Scale; IL=Interleukin; MAAS=Mindful 

Attention Awareness Scale; MCP=Monocyte chemotactic protein; MDFSI=Multidimensional Fatigue Symptom Inventory; MIP=Macrophage 

inflammatory protein; NPI=Neuropsychiatric Inventory; NPY= neuropeptide Y; PANAS=Positive and negative Affect Schedule; PoMS-B=The Profile 

of Mood States-Brief; PSQI=Pittsburgh Sleep Quality Index; PDS=Pittsburgh Sleep Diary; PSS=Perceived Stress Scale; QLACS= Quality of Life in 

Adult Cancer Survivors; RMBPC=Revised Memory and Behavior Problems Checklist; post=immediately following the acute treatment; SF-

36=Short Form Health Survey; STAI=State(s)-Trait(t) Anxiety Inventory; TNF=Tumor necrosis factor; UCLA-R=UCLA-R Loneliness Scale; 

VEGF=Vascular endothelial growth factor; WOC-CA=Ways of Coping with Cancer.
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Table 2: Pooled effect sizes across outcomes and levels of categorical moderator variables. 

 

 

Sample size 

 

Heterogeneity 

 

Global effect sizesa Failsafe Nd Criterion 

              Outcome from pre to post treatmentb K N   Qc df p I2   Hedge’s g 95 % CI p     

Combined pro-inflammatory 
outcomes 

17 1401  9.8 16 .878 0.0  .15 .04 - .26 .009 14 95 

Adjusted for publication bias (17)        .15 .04 - .26    

CRP 10 558  6.0 9 .744 0.0  .23 .06 - .41 .008 10 60 
Adjusted for publication bias (10)        .23 .06 - .41    

IL-1β 3 121  2.8 2 .244 29.2  .21 -.25 - .66 .370 - - 

IL-6 9 843  3.9 8 .862 0.0  .09 -.05 - .22 .204 - - 

TNF-α 6 538  1.6 5 .902 0.0  .11 -.06 - .28 .188 - - 

Outcome from pre-treatment to 
follow-upb              

Combined pro-inflammatory 
outcomes 7 796  8.1 6 .229 26.1  <-.01 -.19 - .18 .964 - - 

CRP 4 226  2.6 3 .460 0.0  .18 -.11 - .47 .225 
- - 

IL-6 4 585  3.8 3 .288 20.4  -.07 -.27 - .12   .469 - - 

Categorical moderators              

Primary diagnosis              
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Autoimmune disease 4 224  0.3 3 .968 0.0  .11 -.17 - .38 .457 - - 

Cancer 6 582  5.8 5 .327 13.6  .17 -.02 - .36 .083 - - 

Between-group difference    0.1 1 .710        

Treatment type              

CBT 6 347  4.1 5 .539 0.0  .18 -.05 - .41 .117 - - 

Meditation/mindfulness 6 685  0.7 5 .980 0.0  .11 -.04 - .26 .152 - - 

Between-group difference    0.3 1 .596        

Psychological distress selection criteria              

Yes 4 207  1.5 6 .673 0.0  .29 <.01 - .57 .047 1 30 

Adjusted for publication bias (4)        .29 <.01 - .57    

No 13 1194  7.0 12 .858 0.0  .13 .01 – .25 .042 1 75 

Adjusted for publication bias (13)        .13 .01 – .25    

Between-group difference    1.1 1 .303        

Treatment format              

Face-to-face 14 1271  9.3 13 .752 0.0  .16 .04 - .28 .008 14 80 

Adjusted for publication bias (15)        .15 .03 - .27    

Other 3 130  0.1 2 .932 0.0  .07 -.27 - .41 .684 - - 
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Between-group difference    0.2 1 .639        

Treatment recipient              

Group 12 1135  8.8 10 .553 0.0  .16 .04 - .28 .012 12 70 

Adjusted for publication bias (13)        .15 .02 - .27    

Individual 5 266  0.3 4 .990 0.0  .12 -.14 - .37 .369 - - 

Between-group difference    0.1 1 .750        

 
 
Note. K and N do not necessarily add up due to exclusion of non-independent samples/studies from the comparison analyses. Statistically 

significant results are highlighted in bold. A=Effect size = Hedge’s g. Standardized mean difference, adjusting for small sample bias. A positive 

value indicates an effect size indicates an attenuating effect of psychological intervention; b=Possible publication bias was examined with funnel 

plots and Egger’s test, followed by imputation of missing studies (Duval & Tweedie, 2000). (K) = K + number of imputed studies; c=Q-statistic: p-

values < 0.1 taken to suggest heterogeneity; d=In case of statistically significant effect sizes, it was planned to examine the robustness of findings 

by calculating the Failsafe N (number of non-significant studies that would bring the p-value to non-significant (p > 0.05) (Rosenthal, 1979).   
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Table 3: Results from meta-regression-based moderation analyses 

Moderator B SE p 

Study quality characteristics    

Jadad 0.01 0.01 .296 

Participant characteristics    

Mean sample age <0.01 <0.01 .849 

% women <-0.01 <0.01 .447 

% Whites <0.01 0.01 .602 

BMI <-0.01 <0.01 .636 

Intervention characteristics    

# sessions <-0.01 <0.01 .929 

Treatment duration <0.01 0.01 .917 

Effects on behavioral outcomes -0.04 0.08 .593 
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Figure 1: Flow chart of study selection 
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Figure 2. Forest plot of effect sizes for the combined pro-inflmmatory biomarker outcomes. 

 

 

 

 

 

 

 

 

 

 

 

Study name Outcome Time point Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Bae, 2012 Combined Pre-Post 0,000 0,421 0,178 -0,826 0,826 0,000 1,000

Bower, 2015 Combined Pre-Post 0,080 0,246 0,061 -0,403 0,563 0,324 0,746

Chen, 2008 Combined Pre-Post 0,395 0,417 0,174 -0,423 1,212 0,946 0,344

Creswell, 2012 Combined Pre-Post -0,051 0,327 0,107 -0,692 0,590 -0,156 0,876

Gallegos, 2013 IL-6 Pre-Post 0,047 0,141 0,020 -0,229 0,323 0,333 0,739

Irwin, 2014 CRP Pre-Post 0,529 0,263 0,069 0,014 1,044 2,015 0,044

Menzies, 2014 Combined Pre-Post 0,035 0,248 0,062 -0,452 0,521 0,140 0,889

Oh, 2008 CRP Pre-Post 0,987 0,554 0,307 -0,099 2,072 1,782 0,075

Oh, 2009 CRP Pre-Post 0,404 0,200 0,040 0,012 0,796 2,021 0,043

Oken, 2010 Combined Pre-Post 0,247 0,465 0,216 -0,664 1,157 0,531 0,595

Pakiz, 2011 Combined Pre-Post -0,180 0,255 0,065 -0,679 0,319 -0,707 0,480

Reich, 2017 Combined Pre-Post 0,160 0,112 0,013 -0,059 0,380 1,430 0,153

Richardson, 1997 Combined Pre-Post 0,000 0,368 0,136 -0,721 0,721 0,000 1,000

Sharpe, 2001 CRP Pre-Post 0,201 0,318 0,101 -0,423 0,825 0,631 0,528

Sharpe, 2012 CRP Pre-Post 0,143 0,228 0,052 -0,304 0,590 0,627 0,531

Taylor, 2009 CRP Pre-Post 0,162 0,303 0,092 -0,432 0,757 0,535 0,593

Walsh, 2016 Combined Pre-Post 0,120 0,247 0,061 -0,365 0,605 0,486 0,627

0,150 0,057 0,003 0,039 0,262 2,648 0,008

-2,50 -1,25 0,00 1,25 2,50
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Figure 3. Forest plot of effect sizes for CRP. 
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Highlights 

- Nineteen RCTs examined the effect of psychological intervention on inflammatory biomarkers 

- The effect size from pre to post intervention was statistically significant but small 

- The largest effect size was obtained for the studies preselecting on psychological distress 
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