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Background: Anxiety is characterized by prolonged preparation for real or perceived threat. This

maymanifest both as psychological and physiological activation, ultimately leading to greater risk

for poor health. Chronic inflammationmay play an integral role in this relationship, given the influ-

ential role that it has in chronic illness. The aimof thismeta-analysis is to examine levels of chronic

inflammation, measured by inflammatory cytokines and C-reactive protein, in people with anxi-

ety disorders, PTSD (posttraumatic stress disorder), or obsessive–compulsive disorder compared

to healthy controls. Several moderating variables, including specific diagnosis and depression

comorbidity, were also assessed.

Methods: Seventy six full-text articles were screened for eligibility with 41 studies ultimately

included in analysis.

Results: Results demonstrated a significant overall difference between healthy controls (HCs)

and people with anxiety disorders in pro-inflammatory cytokines (P = 0.013, Hedge's g = –0.39),

which appears to be largely driven by interleukin-1𝛽 (IL-1𝛽; P = 0.009, Hedge's g = –0.50), IL-6

(P< 0.001, Hedge's g= –0.93), and tumor necrosis factor-𝛼 (P= 0.030, Hedge's g= –0.56).Moder-

ation analyses revealed amoderating effect of diagnosis (P=0.050), as only individualswith PTSD

demonstrated differences in inflammation betweenHCs (P= 0.004, Hedge's g= –0.68).

Conclusions: These data demonstrate the association between inflammatory dysregulation and

diagnoses associatedwith chronic, impactful, and severe anxiety and provides insight into theway

that anxiety, and in particular PTSD, is related to certain inflammatory markers. In doing so, these

findings may provide an initial step in disentangling the relationship between anxiety and basic

health processes.
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1 INTRODUCTION

Over the past several decades, the field of psychoneuroimmunology

(PNI) has emerged in an effort to understand the interaction between

the immune and the nervous system, and the role of behavior in

this interaction. The primary goal of the immune system is to fight

against infectious or otherwise harmful processeswithin the body that

threaten overall healthy functioning (Sapolsky, 1994). However, many

studies also demonstrate an association between stress and inflam-

mation, where acute stress mainly stimulates inflammatory processes,

whereas chronic stress is generally associated with dysregulation or

inhibition of immune function (Dhabhar, 2014; Segerstrom & Miller,

2004). Conversely, acute experimental inflammation increases anx-

iety in healthy subjects (Lasselin et al., 2016), and inflammation is

increasingly implicated as a cofactor in the pathophysiological pro-

cesses underlying psychiatric disorders (Goldsmith, Rapaport, &Miller,

2016; Passos et al., 2015). Therefore, detection of threat, either in the

environment or in the inner milieu of the body, can connect anxiety

with inflammatory activation.

Individuals experiencing chronic, distressing, and impairing anx-

iety are hypersensitive to threat-related contextual cues, leading

to an increased likelihood of experiencing prolonged and/or more
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frequent physiological activation. Although anxiety disorders, post-

traumatic stress disorder (PTSD), and obsessive–compulsive disorder

(OCD) are categorically distinct, they share a number of common

characteristics and are highly comorbid with one another. Among

these, individuals experience distorted thinking due to excessive

fear or worry (Turner, Beidel, & Stanley, 1992; Falsetti, Monnier,

Davis, & Resnick, 2002), greater emotion dysregulation (Mennin,

Heimberg, Turk, & Fresco, 2005; Weiss, Tull, Anestis, & Gratz, 2013),

and engage in experiential avoidance of anxiety-inducing stimuli

(either real or perceived; Hayes, Wilson, & Gifford, 2015), subse-

quently putting them at an increased risk for overall psychological

and physiological dysregulation regardless of diagnostic category.

These individuals are also hypersensitive to contextual cues that may

contribute to or maintain anxiety, thus leading to an increased likeli-

hood of experiencing prolonged and/or more frequent physiological

activation.

A central aspect of immune functioning is inflammation, which

can be characterized as either acute or chronic. An acute inflamma-

tory response is primarily activated when the body suffers illness or

injury; cytokines or related proteins are triggered to the affected area

by immune cells in the periphery, promoting the healing process by

increasing immune activation at the damaged site. In an adaptive acute

inflammatory response, following repair, the inflammatory activation

is transient and the body returns to a state of homeostasis (Ryan &

Majno, 1977). If unabated, however, the immune signaling to the brain

can contribute to psychiatric symptoms (Dantzer, O'Connor, Freund,

Johnson, & Kelley, 2008). In addition, chronic low-grade inflamma-

tion is associated with an increased likelihood of experiencing a num-

ber of negative health outcomes, including congestive heart failure

(Kaptoge et al., 2013), inflammatory bowel disorder (Halpin & Ford,

2012), Alzheimer's disease (Swardfager et al., 2010), chronic obstruc-

tive pulmonary disease (Gan, Man, Senthilselvan, & Sin, 2004), cancer

(Heikkilä et al., 2009), and stroke (Kuo et al., 2005). The vastness of the

literature examining the relationship between chronic inflammation

and physical diseases highlights the need to better understand phys-

ical and psychological risk factors for high rates of inflammation in an

effort to understand the pathophysiology of prevalent disorders and to

prevent long-term chronic health issues.

A diagnosis of an anxiety disorder, PTSD, or OCD is relevant to

understanding inflammatory dysregulation, as these disorders are

characterized by a chronic state of preparation and defense to possible

threats and may therefore put the body at potential risk for negative

health effects from long-term heightened physiological arousal. These

disorders represent chronic, excessive, and severe anxiety as part of

their diagnostic criteria (APA, 2013), that is, a dysregulated experi-

ence of anxiety that is often more severe and debilitating in nature

than more normative and briefer states of anxiety. Because these dis-

orders are common and related to substantially increased health care

costs for long-term physical health problems, physiological correlates

represent an essential avenue for future research.

Emerging research in PNI over the past several decades has pro-

vided some preliminary evidence for a coupling between specific psy-

chological diagnoses and inflammatory biomarkers, but the majority

of this research have been conducted within PTSD and OCD, while

anxiety disorders, such as panic disorder, generalized anxiety disorder,

and social anxiety disorder, have received little attention. Further, no

systematic review of psychological diagnoses characterized by height-

ened, chronic, and impactful anxiety on inflammatorymarkers. A 2015

meta-analytic review of PTSD and chronic inflammation indicated that

individuals with PTSD have significantly higher levels of interleukin-6

(IL-6), IL-1𝛽 , and interferon-gamma (IFN-𝛾) compared to healthy con-

trols (HCs), although this study reported a high degree of heterogene-

ity among studies (Passos et al., 2015). A 2012 systematic review and

meta-analysis of chronic inflammation in people with OCD showed

that there were no significant differences in IL-6 or tumor necro-

sis factor-alpha (TNF-𝛼) between people with OCD and HCs (Gray &

Bloch, 2012). However, levels of IL-1𝛽 were significantly higher in sub-

jects withOCD. Across generalized anxiety disorder (GAD), social anx-

iety disorder (SAD), and panic disorder (PD), studies have been sparse

and somewhat mixed (Furtado & Katzman, 2015). This previous work

has highlighted the need to apply more stringent inclusion criteria

for systematic analysis and highlights a need for examining specific

inflammatory markers in establishing their relationship to these con-

ditions. Further, given symptomatic differences between anxiety dis-

orders, PTSD, and OCD, the field may benefit from a greater under-

standing of the ways in which inflammatory dysregulation is similar or

different across diagnoses. Such an understanding may also provide a

first step in understanding mechanisms underlying the link between

chronic, impairing, and distressing levels of anxiety and negative

long-term health outcomes.

Given the lack of a comprehensive review examining the relation-

ship between inflammatory markers and different anxiety and related

diagnoses, the first aim of the current study is to systematically review

the existing literature on anxiety and related disorders broadly and

inflammation, in an effort to understand the differences between indi-

vidualswithOCD, PTSD, or anxiety disorders andHCs. The second aim

of the current study is to statistically examine the difference between

individuals with anxiety disorders, PTSD, and OCD and HCs regard-

ing baseline levels of circulating inflammatory markers using meta-

analytic techniques. It is hypothesized that levels of pro-inflammatory

markers will be significantly lower in HCs in comparison to those

with anxiety disorders. Based on previous research, we also aimed to

explore potential diagnostic moderators (i.e., diagnosis type and pres-

ence of comorbid depression) and demographic moderators (i.e., pro-

portion of women participants [Garcia-Moll, Zouridakis, Cole, & Kaski,

2000], proportion of Caucasian participants [Miller, Chen, & Zhou,

2007], body mass index [BMI; Festa et al., 2001], and average partici-

pant age [Chung et al., 2009]) of the relationship between anxiety and

inflammation.

2 MATERIALS AND METHODS

This study was completed in accordance with the Preferred Report-

ing Items for Systematic Reviews andMeta-Analyses (PRISMA) recom-

mendations (Moher, Liberati, Tetzlaff, & Altman, 2010).
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2.1 Selection criteria

Eligible studies were in English, peer-reviewed, and included human

adult subjects (age 18 years and above). Studies were required to

include individuals diagnosed with PTSD, OCD, SAD, GAD, PD, or spe-

cific phobia and a control group of healthy subjects for comparison.

In order to examine the specific effects of an anxiety disorder, stud-

ies includingparticipantswith chronic physical illnesseswereexcluded.

Additionally, only studies that included individuals with a formal diag-

nosis of one of the disorders, defined as a diagnosis obtained from

a clinician-administered interview or questionnaire, were included.

Studies were also required to include at least one measure of inflam-

mationmeasured in the blood. Eachmarker identified was categorized

as either a pro-inflammatory (IL-1𝛽 , IL-2, IL-3, IL-6, IL-7, IL-8, IL-9, IL-

12, IL-15, IL-17, IL-18, TNF-𝛼, IFN-𝛾 , and C-reactive protein [CRP]) or

anti-inflammatory marker (IL-4, IL-5, IL-10, IL-11, IL-13, IL-16, IL-19,

TGF-𝛽). Finally, all studieswere required to include statistics that could

be converted into a standardized, uncontrolled effect size. The first

author and a research assistant reviewed all studies independently for

inclusion and exclusion criteria, and discrepancies were resolved by

consensus and consultation with the second author (MSO).

2.2 Search strategy

A keyword-based search in the electronic databases PsycInfo and

PubMedwas conducted to obtain hit results relevant to the key search

terms of the current study. Keywords related to inflammation (inflam-

mation OR inflammatory OR cytokine* OR CRP OR “C-reactive pro-

tein” OR chemokine* OR interleukin OR IL-1𝛽 OR IL-2 OR IL-3 OR

TNF-𝛼 OR IL-6 OR IFN-𝛾 OR IL-12 OR IL-17 OR IL-8 OR IL-4 OR IL-5

OR IL-10 OR IL-15 OR NF-𝜅B) were combined with keywords related

to anxiety disorders, PTSD, or OCD (“anxiety disorder” OR anxiety OR

“generalized anxiety disorder” OR “social anxiety disorder” OR “social

phobia” OR panic* OR “posttraumatic stress disorder” OR “obsessive

compulsive*” OR “specific phobia” OR GAD OR PTSD OR OCD OR

SAD) to obtain hit results. The earliest studies available were obtained

through January 2017. The first author and a research assistant con-

ducted the search in both databases and independently eliminated

all duplicate results. In addition, a backward search (snowballing) was

conducted of reference lists of identified articles and earlier system-

atic reviews together with a forward search (citation tracking) until no

additional relevant articles were found.

2.3 Data extraction

A number of demographic variables were extracted from the stud-

ies, including age, percentage of Caucasian participants, percentage of

women across studies, and participant's BMI. Studies were also coded

for the type of diagnostic tool that was used. The diagnosis was also

extracted as well as any comorbid psychological diagnoses. In terms

of inflammation, the type of biomarker measured was coded for each

study.

Fifteen studies did not include effect sizes ormeans and SDs for the

inflammatory markers measured. The authors of those studies were

contacted via e-mail to request the relevant data, with a follow-up

e-mail if authors did not respond within a 3-week time period. Four

authors responded and were able to provide the data, whereas three

responded that they no longer had access to the data. In instances

where the datawas not accessible, wewere able to obtain other statis-

tics from which an effect size could be estimated. If means and SDs

were unavailable, an alternative test statistic was used to compute

an effect size, such as a t-value (k = 1) or N and a P-value (k = 3).

When the appropriate statistics were not mentioned in the study, a

direction of the effect was not indicated within the manuscript, and

we could not get the necessary information from the author of the

study, a given inflammatory outcomewas excluded. This resulted in the

exclusion of three outcomes from two different studies.When authors

reported that there were no significant differences between groups

on an inflammatory outcome but appropriate statistics were not pro-

vided, the effect size was set to zero in an effort to retain the data.

This resulted in an effect size set to zero for four different inflam-

matory outcomes in two studies. This approach may be too conserva-

tive; therefore, analyses were conducted with and without these four

studies to examine differences in overall results.

All codings and ratingswereprovidedby the first (MR) and third (PS)

authors. Disagreements were discussed and solved by consensus and

in consultation with the second author (MSO). Literature search and

data extraction protocols are available upon request.

2.4 Analytic overview

All analyses were conducted using the Comprehensive Meta-Analysis

program, version 3.3.070 (Comprehensive Meta-Analysis, 2014).

Meta-analyses were performed to determine the between-group dif-

ferences in those with a diagnosis, with all disorders combined, and

individual inflammatory markers. Meta-analyses were performed on

individual inflammatorymarkers if the number of studies that included

that specific marker was equal to or exceeded three. These main anal-

yses were based on random effects models. A number of exploratory

moderation analyses were conducted with meta-analysis of variances

(for categorical criterion variables) and meta-regression analyses (for

continuous criterion variables). Effect sizeswere expressed asHedge's

g, thereby attempting to adjust for a potential bias to overestimate

the effect size in small samples (Hedges & Olkin, 1985), and a P-value

<0.05 was considered significant. Each effect size was weighted by its

precision (inverse variance), so that studies with larger samples con-

tributed more to the estimate of the overall effect size. Heterogene-

ity was explored using Q and I2 statistics. Q-tests concern the proba-

bility that results reflect systematic between-study differences. The I2

statistic is an estimate of the degree of heterogeneity and is unaffected

by the number of studies. An I2 value of 0% indicates no observed het-

erogeneity. Values of 25, 50, and 75% are considered low, moderate,

and high, respectively (Higgins & Thompson, 2002).

A risk of publication bias is introduced in that positive and negative

findings may not be equally likely to get published. Therefore, the

distribution of effect sizes was visually inspected using funnel plots

(Light, Singer, & Willett, 1994), and statistically tested using Egger's

test (Egger, Davey Smith, Schneider, & Minder, 1997). The file-drawer
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F IGURE 1 Study inclusion flowchart

problem, defined as the possibility that unpublished studies with

null findings may alter any significant findings, 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 low enough

to not warrant further investigation (Rosenthal, 1991). When these

tests indicated a possible file-drawer problem, an adjusted effect size

was estimated using Duval and Tweedie's (2000) trim-and-fill method,

which imputes missing results and then recalculates the effect size.

3 RESULTS

3.1 Study inclusion

A total of 1,265 unique citations were identified as a result of the

search with an additional citation identified through citation tracking.

Of these, 1,190were deemed irrelevant and therefore excluded based

on the following determinations: (1) study did not consist of physi-

cally healthy participants, (2) study did not consist of participants with

a formal anxiety disorder, PTSD, or OCD diagnosis, (3) study did not

measure at least one inflammatory marker, (4) study did not include a

control group, (5) study examined children or adolescents rather than

adults, and (6) study was not an original/empirical study (i.e., review or

meta-analysis). Seventy-six full-texts were evaluated with 39 papers

ultimately included. An examination of previously published reviews

and meta-analyses yielded the inclusion of one additional study. The

forward searchmethod of citation tracking did not yield any additional

studies to be included. Two of the included studies were comprised of

two independent studies within themselves; consisting of two differ-

ent diagnostic groups (i.e., PTSD and PD)with separate control groups,

thus resulting in a total number of studies included in the overall meta-

analysis of 41. See Figure 1 for the study flowchart on inclusion and

exclusion.

3.2 Study characteristics

The studies reviewed included a total of 1,077 people with an anxiety

disorder, PTSD, or OCD and 1,006 HCs. The median number of par-

ticipants with one of these disorders in the included studies was 26,

whereas the mean number of control participants in each study was

22. Of the 41 studies that met inclusion criteria, the diagnostic break-

down includedPTSD (n=22),OCD (n=6), PD (n=10), SAD (n=1), and

GAD (n = 2). In terms of diagnostic breakdown, 63.8% (n = 687) were

diagnosed with PTSD, 14.2% (n = 153) with OCD, and 22.0% (n = 237)

with other anxiety disorders, including PD (n= 182), SAD (n= 15), and

GAD (n= 40). No studies included individuals diagnosedwith a specific

phobia. For a review of study characteristics, see Table 1.

The majority of studies (n = 25) included at least two different

inflammatory markers, with the mean number of inflammatory mark-

ers included in a study being 3.27. Of the different inflammatory

markers measured, the most common was IL-6, with 58.54% (k =
24) of studies having it included. A large percentage of studies also

included TNF-𝛼 (k = 20), IL1𝛽 (k = 18), and IL-2 (k = 16). Additionally

inflammatory markers used included the following: IFN-𝛾 (k = 8), CRP

(k = 8), IL-10 (k = 7), IL-12 (k = 1), IL-13 (k = 2), IL-15 (k = 2), IL-1𝛼

(k= 3), IL-2r (k= 1), IL-3 (k= 1), IL-4 (k= 5), IL-5 (k= 3), IL-7 (k= 2), IL-8

(k= 8), and IL-1r𝛼 (k= 1).

The majority of study designs (k = 35) were cross-sectional exam-

inations of inflammatory markers between people with anxiety dis-

orders and HCs, of which inflammation was only measured at one

time. The remaining studies (k= 6) involved amedication intervention.

Subsequently, inflammatory marker data from these studies were the

participants’ baseline assessment prior to beginning the intervention.

The majority of studies (k = 38) controlled for diurnal variation when

collecting the serum samples for analysis of inflammatory cytokines

(e.g., time of day serum samples were collected).

3.3 Pooled effect sizes and between-study

differences

The overall between-group difference in pro-inflammatory cytokines

across studies was significant and of a small to moderate magnitude

(Hedge's g = –0.39, 95% confidence interval [CI] [–0.70 to 0.08])

both with and without adjusting for publication bias, indicating that

individuals with a diagnosis of PTSD, OCD, or an anxiety disorder had

an overall higher rate of pro-inflammatory cytokines compared toHCs.

See results in Table 2. In order to evaluate the influence of possible

outliers, the SD for Hedge's g for the pro-inflammatory cytokines was

first estimated (SD= 1.2). A search for outliers above or below two SDs

from thepooledeffect size (range: –2.79 to2.01)was conducted. Three

studies fell outside of this range (Chen et al., 2013; Gill, Vythilingam,

& Page, 2008; Jergović et al., 2014). The effect size for these studies

was winsorized by replacing it with the lower or upper value of the

range, thereby retaining the studies with an attenuated influence

(cf. Lipsey & Wilson, 2001; O'Toole, Zachariae, Renna, Mennin, &

Applebaum, 2016). Reanalyzing the overall between-group difference

across outcomes with the winsorized effect size revealed an effect

of a similar magnitude (Hedge's g = –0.40, 95% CI [–0.70to 0.10]).
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Consequently, subsequent analyses were based on the nonwinsorized

effect sizes.

There were no between-group differences in anti-inflammatory

cytokines (Hedge's g = –0.15, 95% CI [–0.86 to 0.57]). In order to

evaluate the influence of possible outliers, the SD for Hedge's g for

the anti-inflammatory cytokines across outcomes was first estimated

(SD = 1.6). A search for outliers above or below two SDs from the

pooled effect size (range: –1.75 to 1.45) was conducted. One study fell

outsideof this range (Jergović et al., 2014). Theeffect size for this study

was winsorized by replacing it with the lower value of the range. Rean-

alyzing the overall between-group difference across outcomes with

the winsorized effect size revealed an effect of a similar magnitude

(Hedge's g = 0.06, 95% CI [–0.54 to 0.65]). Figure 2 provides a forest

plot of effect sizes for all included studies.

When exploring group differences in the individual inflammatory

markers, three out of the 10 analyses were significant, that is, IL-1𝛽

(Hedge's g = –0.50, P = 0.009), IL-6 (Hedge's g = –0.93, P < 0.001), and

TNF-𝛼 (Hedge's g= –0.56, P= 0.030).

3.4 Moderator analyses

Results for the moderator analyses can be found in Table 3. Given that

a significant difference was only demonstrated for pro-inflammatory,

and not anti-inflammatory cytokines, only pro-inflammatory mark-

ers were utilized in moderation analyses. Examining type of diagno-

sis revealed a significant moderation effect (P = 0.050). Results indi-

cated that the difference between patients with PTSD and HCs was

significant (Hedge's g = –0.68, P = 0.004), but not for patients with

OCD (Hedge's g = 0.10, P = 0.680) and patients with anxiety disor-

ders (Hedge's g = –0.09, P = 0.714). Comorbid depression also did

not significantly moderate the relationship between anxiety disor-

ders and inflammatory markers. None of the continuous moderators

(i.e., age, percent of women, percent of Caucasian participants, and

BMI) explored in individual meta-regression analyses demonstrated

significance.

3.5 Heterogeneity and publication bias

A relatively large systematic variation in effect sizes between studies

was detected. On average, the included studies demonstrated a high

degree of heterogeneity (I2 > 90) when combining outcomes. This pat-

tern of high levels of heterogeneity remained both when investigat-

ing between-group differences at the cytokine level (see Table 2) and

within-group effect sizes (i.e., anxiety type and depressive comorbid-

ity; Table 3).

For all statistically significant results, the risk of publication bias

was evaluated. For the overall pro-inflammatory cytokines analysis

as well as the specific IL-6 analysis, effect sizes were asymmetrically

distributed as determined by a significant Egger's test, indicating

potential publication bias. Adjusted effect sizes can be found in

Table 2. The fail-safe number for the between-group effect concerning

pro-inflammatory markers failed to meet the criterion, indicating a

lack of robustness of this result.
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TABLE 2 Pooled effect sizes across outcomes and levels of moderator variables

Sample size Heterogeneity Global effect sizesa

Outcomeb K N Qc df P-value I2 Hedge's g 95%CI P-value Fail-safeNd Criterion

Pro-inflammatory
cytokines

41 2083 427.0 40 <0.001 90.6 –0.39 –0.70 to 0.08 0.013 454 215

Adjusted for
publication bias

(48) –0.39 –0.70 to 0.08

Winsorized effect 41 410.5 40 <0.001 90.3 –0.40 –0.70 to 0.10 0.009 490 235

Anti-
inflammatory
cytokines

9 527 118.2 8 <0.001 93.2 –0.15 –0.86 to 0.57 0.689 – –

Winsorized effect 41 87.9 8 <0.001 90.9 0.06 –0.54–0.65 0.855 – –

IL-1𝛽 18 1020 144.9 18 <0.001 87.6 –0.50 –0.87–0.12 0.009 174 105

IL-2 16 866 346.0 15 <0.001 95.7 –0.25 –1.00–0.50 0.517 – –

IL-4 5 264 121.0 5 <0.001 95.9 –0.10 –1.17–1.17 0.881 – –

IL-5 3 136 8.5 2 0.014 76.6 –0.11 –0.81–0.59 0.759 – –

IL-6 24 1421 346.0 23 <0.001 93.4 –0.93 –1.39–0.47 <0.001 947 130

Adjusted for
publication bias

(29) –1.32 –1.82–0.81

IL-8 8 701 177.5 7 <0.001 96.1 –0.71 –1.68–0.26 0.150 – –

IL-10 7 426 59.0 6 <0.001 89.8 0.18 –0.45–0.80 0.580 – –

TNF-𝛼 20 1147 275.2 19 <0.001 93.1 –0.56 –1.02–0.05 0.030 312 110

IFN- 𝛾 8 495 89.6 7 <0.001 92.2 0.46 –0.27–1.19 0.219 – –

CRP 8 543 20.8 7 0.004 66.3 –0.12 –0.43–0.19 0.465 – –

Notes:CI, confidence interval.
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.
aHedge's g—standardized mean difference, adjusting for small sample bias. A positive value indicates higher levels of proinflammatory markers and lower
levels of anti-inflammatorymarkers for people with an anxiety disorder, PTSD, or OCD diagnosis.
bPossible 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.
cQ-statistic: P-values< 0.1 taken to suggest heterogeneity. I2 statistic: 0% (no heterogeneity), 25% (low heterogeneity), 50% (moderate heterogeneity), and
75% (high heterogeneity).
dIn 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).

4 DISCUSSION

The aim of the current systematic review and meta-analysis was to

examine the overall difference in chronic inflammation between peo-

ple with anxiety disorders, PTSD, or OCD and HCs. Findings indi-

cate a small to moderate effect size for the difference between

pro-inflammatory markers, indicating that people with one of these

disorders have a significantly higher level of pro-inflammatory mark-

ers compared to controls in the pooled analysis. There were no signif-

icant differences in anti-inflammatory markers between people with

PTSD, OCD, or anxiety disorders compared to HCs. Although each

inflammatorymarkerwas identified as pro- or anti-inflammatory, some

markers, such as IL-6, have both pro- and anti-inflammatory proper-

ties, as only one of twoof IL-6's signaling pathways indicate an increase

of inflammation in the body (Del Giudice & Gangestad, 2018), thus

creating some ambiguity in the interpretation of the IL-6 findings.

Consistent with previous research identifying links between inflam-

matory markers and psychopathology, the current study considered

IL-6 as a pro-inflammatory marker (Dowlati et al., 2010; Gray & Bloch,

2012).

Analyses revealed that this effect was largely driven by significant

differences between people with anxiety, PTSD, or OCD and HCs in

IL-6, IL-1𝛽 , and TNF-𝛼. These findings are consistent with previous

meta-analytic findings examining depression and inflammation, which

identified some (i.e., IL-6 and TNF-𝛼), but not all, inflammatory mark-

ers significantly differed between people with depression and HCs

(Dowlati et al., 2010). A large prospective study of individuals with

agoraphobia also demonstrated significantly higher levels of CRP and

TNF-𝛼 over time, but no differences in IL-6 and IL-1𝛽 (Wagner et al.,

2015). Taken together, these findings, along with the findings from the

current meta-analysis, provide provisional evidence for differences

in inflammatory markers that relate to different forms of anxiety and

related pathology. Because increased inflammation is generally related

to increased risk for ill-health, it is important to better disentangle

what patterns of inflammatory activation are related to chronic,

distressing, and impairing anxiety and other forms of psychopathology.

A number of exploratorymoderation analyseswere also conducted.

These moderators were selected based on previous research demon-

strating that these variables may have a potential impact on inflam-

mation. Age (Chung et al., 2009), BMI (Festa et al., 2001), percentage
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F IGURE 2 Forest plot
CI, confidence interval

TABLE 3 Proposedmoderators: Meta-analysis of variance (meta-ANOVA) andmeta-regression results

Meta-ANOVAs K N Q df P-value I2 Hedge's g 95%CI P-value

Anxiety type
between-group effect

41 1077 6.0 2 0.050 – – – –

PTSD 23 687 301.5 22 <0.001 93.0 −0.68 −1.13 to 0.22 0.004

OCD 6 153 18.6 5 0.002 73.1 0.10 −0.36 to 0.55 0.680

Other 12 237 65.2 11 <0.001 83.1 −0.09 −0.56 to 0.38 0.714

Depression comorbidity
between-group effect

31 817 <0.1 1 0.862 – – – –

No depression 18 394 271.1 17 <0.001 93.7 −0.52 −1.14 to 0.11 0.105

Depression 13 423 119.7 12 <0.001 90.0 −0.45 −0.95 to 0.06 0.084

Meta-regression analyses K B SE P

Age 35 −0.03 0.03 0.308 – – – –

%women 38 −0.01 0.01 0.354 – – – –

%Caucasian 17 <0.01 0.01 0.660 – – – –

BMI 15 −0.05 0.10 0.626 – – – –

Note:CI, confidence interval.

of female participants (Garcia-Moll et al., 2000), and percentage of

Caucasian participants (Miller et al., 2007) were not associated with

themagnitude of the between-group difference. This is in contrast to a

previous cohort study examining the relationship between anxiety and

inflammation that found significant differences inCRP formen, but not

women, with anxiety disorders versus HCs (Vogelzangs, Beekman, De

Jonge, & Penninx, 2013) such that men had higher levels of CRP com-

pared to HCs. A significant moderation effect was found for diagnosis

type, and analyses revealed that the significant differences between

groups were largely driven by a significant and moderate effect for

PTSD. There were no significant differences between individuals

with OCD or an anxiety disorder and HCs, highlighting a potential

difference in physiological activation between people with PTSD and

OCD or an anxiety disorder. This finding is consistent with a 2012

systematic review and 2015 meta-analysis examining inflammatory

markers in peoplewithPTSDcompared toHCs,which showed anover-

all difference between the two groups (Gill, Saligan, Woods, & Page,

2009; Passos et al., 2015). Overall, numerous findings have highlighted

the presence of altered immune and physiological functioning in PTSD

and the potential mechanistic role that the dysregulation of these
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systems may play in linking the disorder to negative health outcomes

(Kibler, Tursich, Ma, Malcolm, & Greenbarg, 2014). Although PTSD

was the only diagnosis that demonstrated significant differences in

pro-inflammatory markers compared to HCs, consistent with this pre-

vious research, this meta-analysis extends the previous PTSD findings

by analyzing differences between different diagnostic categories.

Themoderation effect for diagnosis type highlight that although the

disorders examined in the current study share similar symptom pre-

sentations, the diagnostic categories may differentially relate to phys-

ical functioning. It can however not be excluded that the diagnosis

type may be a proxy for symptom severity, indicating that those with

PTSD may be demonstrating greater physiological and emotional dys-

regulation compared to those with OCD or an anxiety disorder, rather

than a genuine difference between diagnoses. Unfortunately, too few

studies included in the current meta-analysis examined the relation-

ship between symptom severity for individuals in the anxiety disorders

groups and inflammatory markers. Future research examining psy-

chopathology and inflammatory processes should attempt to further

examine the impact that symptom severity may have on these basic

biological processes. Research moving forward should also attempt to

expand the examination of traditional anxiety disorders (e.g., GAD and

SAD), as the number of studies that included participants with these

diagnoses was very small. This resulted in participants in these diag-

nostic groups to be lumped together into the “other” category, limit-

ing statistical power and prohibiting definitive conclusions regarding

differences between anxiety disorders, OCD, and PTSD.

A comorbid diagnosis of depression did not moderate these results,

indicating an independent association between anxiety and higher lev-

els of pro-inflammatory markers. Although depression has been stud-

ied more widely in relation to inflammation (Dowlati et al., 2010;

Schiepers,Wichers, &Maes, 2005), it is important to understand if the

anticipatory-based state of anxiety may produce dysregulated inflam-

matory responses (or vice versa) and put an individual at an increased

risk of experiencing long-term negative health consequences. Further,

these findings support several other studies that highlight thepotential

for trait anxiety to be associatedwith a dysregulated immune response

(Hou et al., 2017; O'Donovan et al., 2010). The findings of the current

meta-analysis are somewhat contrasting to a previous meta-analysis

of OCD and inflammation, which identified depressionmoderating the

relationship between OCD and TNF-𝛼 (Gray & Bloch, 2012). Future

research should therefore attempt to address diagnostic comorbidity

between anxiety and depressive disorders more explicitly in relation

to inflammatory markers to determine differential impacts that these

disorders have on immunological processes.

Although these findings advance the overall understanding of the

relation between a diagnosis of an anxiety disorder, PTSD, orOCD and

inflammatory functioning, an important next step in terms of research

is to examine the physiological, cognitive, and behavioral mechanisms

that may underlie this link. In response to anxiety and fear, the stress

response is exacerbated among individuals with these disorders. The

stress response may, in turn, promote a cascade of psychological and

physiological processes, which is mediated by hypothalamic-pituitary-

adrenal axis (HPA) dysregulation (Michopoulos, Powers, Gillespie,

Ressler, & Jovanovic, 2017). Through glucocorticoid insensitivity,

HPA dysregulation is theorized to contribute to a state of low-grade

inflammation, which might put an individual at risk for negative

health consequences (Cohen et al., 2012). Cognitive processes that

are central to a number of these disorders, such as worry (McEvoy,

Watson, Watkins, & Nathan, 2013), self-criticism (Sowislo & Orth,

2013), and intolerance of uncertainty (Carleton, 2012), may impact

immunological responding, as these processes tend to prolong phys-

iological activation through cognitive activation that is difficult to

control. Finally, in terms of behavioral mediators, people who expe-

rience severe, chronic, and impactful anxiety may be less likely to

engage in a healthy lifestyle. Notably, these individuals may be more

likely to suffer from sleep disturbances, be less likely to engage in

exercise, and may utilize alcohol, smoking, food, or drugs in an effort

to regulate their anxiety and fear, subsequently putting them at risk

for experiencing a number of poor health outcomes over the long term

(Michopoulos et al., 2017; Pedersen 2017). Taken together, an essen-

tial avenue for future research is to take a more mechanistic approach

to understanding the physical, cognitive, and behavioral processes

that may impact the relationship between an anxiety disorder, PTSD,

or OCD and inflammatory dysregulation.

The current findings have a number of potential implications that

may help to inform future research, particularly within the context

of PTSD. Given that the majority of research examining inflamma-

tion in psychopathology has focused on depressive rather than anx-

iety disorders, the results of the current study provide evidence for

the necessity of understanding the relationship betweendifferent anx-

iety and related disorders and inflammation. It may be particularly

important to move beyond categorical diagnoses and examine under-

lying transdiagnostic processes, such as apprehension, hypervigilance,

and anhedonia, to help determine what specific phenomenology of

these psychopathological states may be most likely to lead to chronic

inflammation. Further, these findings provide more nuanced informa-

tion regarding the association between anxiety, and specifically PTSD,

on physiological dysregulation, in terms of examining specific mark-

ers that have been shown to be associated with numerous chronic

health conditions—lending support for the necessity to treat anxiety

in an effort to improve physical health overall. The potential benefits

of psychotherapy for anxiety as a protective factor for physical health

should be further explored, as it may promote greater physiological

and immunological regulation (O'Toole et al., 2018) and subsequently

reduce the link between anxiety and physical health problems (Sareen

et al., 2006). Given the associations demonstrated between PTSD and

heightened levels of pro-inflammatory markers in the current study,

future research should seek to explore whether dysregulated inflam-

mationmay serve as a predictor of treatment response, similar towhat

has been indicated in treatment for depression (Strawbridge et al.,

2015).

For the purposes of the current meta-analysis, studies utilizing

participants diagnosed with chronic health conditions were excluded

given that the presence of chronic illness may alter circulating lev-

els of inflammatory markers. This exclusion criterion omitted several

studies from our initial hit results. Future research should, however,

explore these relationships in an effort to understand how psychiatric

disorders or symptomsmaybe a cofactor contributing to the increased



RENNA ET AL. 1091

inflammation, which is demonstrated also in noncommunicable disor-

ders (Slavich, 2015).

The current meta-analysis has several limitations that should be

noted. Primarily, given that many studies did not include the exami-

nation of a relationship between inflammatory markers and symptom

severity, it is difficult to establish any conclusions about the data

beyond mere group differences. Future research should therefore tar-

get a better understanding about how symptomseveritymay influence

higher rates of pro-inflammatory markers, or vice versa. Additionally,

few studies have utilized experimental approaches to examine mech-

anisms underlying the relationship between anxiety and inflammation.

A number of the moderation analyses did not yield significant results;

however, this may have been limited due to the fact that only a small

number of studies were included in some analyses. An additional

consideration in interpreting the current findings is that heterogeneity

was relatively high, indicating systematic variation between studies

included in the current meta-analysis. Lastly, as mentioned above,

the number of studies examining anxiety disorders was small in com-

parison to OCD and PTSD. It would therefore be optimal for future

research to expand the understanding of each diagnosis in regards to

inflammatory dysregulation and to examine these diagnoses together

with an emphasis on the mechanisms underlying this relationship. In

interpreting these data, it is important to keep inmind that the only sig-

nificant differences between diagnostic groups and HCs was in PTSD,

although no signs of inflammatory dysregulation in people with OCD

or an anxiety disorder compared to healthy people were observed.

5 CONCLUSION

Despite these limitations, this meta-analysis demonstrates the associ-

ation between inflammatory dysregulation and diagnoses associated

with chronic, impactful, and severe anxiety in a comprehensive man-

ner that has not yet been available otherwise. Further, these findings

suggest that a diagnosis of PTSDmaydiffer fromOCDor anxiety disor-

ders in terms of inflammatory activation. However, the restricted num-

ber of studies investigating inflammation in anxiety disorders renders

conclusions from the current study provisional. The synthesis of these

data therefore provides an initial opportunity for researchers to con-

sider the relation between anxiety and certain inflammatory markers

as a potential way to disentangle why anxiety increases the risk for

long-term negative health outcomes.
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