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Background: Accumulating evidence has shown the important role of the inflammatory
process in the pathophysiology of mental disorders. However, the relative levels of inflam-
matory markers in patients with panic disorder (PD) have rarely been evaluated. The aim of
the present study was to conduct a systematic review to determine the correlation of
peripheral C-reactive protein (CRP) and inflammatory cytokine profiles with PD.
Methods: This study followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. We searched for quantitative research studies published up to
July 31, 2021 that measured peripheral levels of CRP and inflammatory cytokines in people
with PD compared with controls. Meta-analysis using a random-effects model was per-
formed for the levels of CRP and inflammatory cytokines with data from three or more
studies.

Results: Fourteen identified studies met the inclusion criteria. In total, 18 cytokines were
evaluated. Markers that were reported in more than 3 studies were included in this meta-
analysis. The results showed that peripheral levels of CRP, IL-6, IL-2 and TNF-a were
significantly higher in PD patients than in healthy controls, while there was no significant
difference in peripheral levels of IL-1p, IL-10 and IFN-y between groups. Notably, the
relevant studies involving IL-6, IL-1p, IL-10 and IFN-y in PD patients were highly hetero-
geneous. Similar to meta-analyses of other inflammatory factors in mental disorders, our
meta-analysis also reflected differences in participant medication use, comorbid anxiety or
depression, sampling methods and detection methods. Eight inflammatory cytokines were
reported in only one study, and their expression levels were higher, lower, or unchanged
compared with those in healthy controls.

Conclusion: There is preliminary evidence to suggest a significant inflammatory response
in PD patients, but the role of inflammatory markers in PD remains unclear. Studying
inflammatory markers in PD will help to clarify the etiology and pathophysiological mechan-
isms of the disorder.
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Plain Language Summary

Currently, the relationship between panic disorder (PD) and peripheral inflammatory markers
is unclear. It is also unclear whether the inflammatory response in PD patients is the key
pathological event of PD or the stress response secondary to PD. In this study, we found that
peripheral levels of CRP, IL-2, IL-6 and TNF-a were significantly higher in PD patients than
in healthy controls, while there was no significant difference in peripheral levels of IL-1f,
IL-10 and IFN-y between groups. On the one hand, these findings are helpful for guiding the
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clinical diagnosis of patients with anxiety disorder; on the other
hand, they can provide a theoretical basis for analyzing other
pathophysiological changes caused by PD. Together, these find-
ings have positive clinical implications.

Introduction

Accumulating evidence has demonstrated the involvement
of immune-mediated inflammation in the pathophysiologi-
cal process of mental diseases.' Inflammatory cytokines are
considered to be important regulators.” Anxiety disorders
are the most common mental disorders,” and a high degree
of comorbidity exists in various types of anxiety disorders.
As a common anxiety disorder, panic disorder (PD) is
a syndrome characterized by spontaneous and recurrent
episodes of incapacitating anxiety and physiologic hyperar-
ousal. It usually appears in adolescence or early adulthood,’
which seriously increases suicidal tendency,® with negative
effects on physical and occupational functions.”

PD is a very common mental disorder. The prevalence
of PD varies across populations, countries and cultures,
ranging from 3% to 5%.” At present, PD is usually diag-
nosed with the Diagnostic and Statistical Manual of
Mental Disorders questionnaires. Although research on
the etiology of PD has made great progress, the underlying
psychopathological mechanism remains unclear.

The inflammation hypothesis proposes that abnormal

cytokines caused by the inflammatory response®’ and

1011 are involved in the occur-

immune overactivation
rence and development of mental disorders and are clo-
sely related to the pathophysiology of PD.'*'3 It has
been reported that inflammatory markers participate in
the psychopathological process of PD.'"* The immune
process of PD patients under stress is considered an
indicator

important for evaluating psychopathology

severity and determining the risk factors for concurrent

infarction.'®

physical diseases such as myocardial
Abnormal peripheral inflammatory markers have been
detected in PD patients,'® but their correlation with PD
is currently unclear.'® As a result, the inflammatory and
immune dysfunction patterns of PD need to be further
confirmed. Since these inflammatory factors are related
to the diagnosis of PD, the analysis of their concentra-
tion changes can be used for diagnostic indexes to reflect
the degree of immune disorder and the risk factors for
physical diseases in PD patients.'> Therefore, it is neces-
sary to develop predictive objective biomarkers to assist
the diagnosis of PD with subjective questionnaire reports

that are commonly used in mental disorders. These

biomarkers are of great significance to the diagnosis
and treatment of PD and relevant physical diseases.
Although there is growing interest in the role of
inflammation in mental disorders, few studies have
focused on inflammatory markers in PD disease, nor
have there been comprehensive analyses of their potential
associations. To date, there have been two reviews on
inflammatory markers in PD patients.”'? The first one'?
was a systematic review published in 2017, which covered
only a few inflammatory markers, and a meta-analysis was

not performed. Another review’

did not specifically
address PD, there were few relevant descriptions of PD,
and a meta-analysis was not performed. These two
reviews both reported changes in inflammatory markers
in PD patients. To date, there has been no comprehensive
systematic review and meta-analysis involving all cur-
rently published literature on PD and inflammatory mar-
kers. This study aims to systematically review the specific
inflammatory biomarker profile of PD patients and con-
duct Our

a theoretical basis for preliminary exploration of the etiol-

a meta-analysis. findings may provide
ogy of PD and the pathophysiology of PD-related physical

diseases.

Materials and Methods
Search Strategy

In this systematic review, the PubMed and Web of Science
databases were searched in July 2021 (last update:
31 July 2021) for literature on the quantitative detection
of peripheral blood CRP or inflammatory cytokines in PD
patients and healthy controls. Then, we searched the refer-
ences of the included studies to further search for studies
that met the inclusion criteria. Meta-analysis was per-
formed on some inflammatory markers. We conducted
the study according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines.

The search terms used for retrieval were as follows:
(“panic disorder” or “panic attacks”) and (inflammat* or
“C-reaction protein” or “C-reactive protein” or CRP or
interleukin or IL or “tumor necrosis factor” or “tumour
necrosis factor” or TNF or interferon or IFN or cytokine).

Eligibility Criteria

Cross-sectional baseline data on peripheral concentrations of
inflammation markers in research participants in an unsti-
mulated state were extracted for analyses. Longitudinal data
from some longitudinal studies were excluded to avoid
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potential influences of confounding factors on the final con-
clusion. Studies were excluded for the following reasons: (a)
the diagnosis of PD was not clear; (b) there was no definite
value of peripheral inflammatory markers in PD patients or
healthy controls; (c) PD patients had clinical somatic dis-
eases; and (d) other types of studies, such as animal studies,
in vitro studies, case reports, review articles and meta-
analyses, were also excluded.

Data Extraction and Quality Assessment
All PD patients in these studies were assessed by standar-
dized clinical interviews. Data extraction and quality assess-
ment were performed on all studies that met the criteria by
two independent investigators, with disagreement resolved
by consensus. The following data were extracted from each
included study: (a) baseline characteristics of the research
participants (eg, age, sex, BMI, diagnostic methods, drug
use, comorbidities) and the paper inclusion and exclusion
criteria; (b) study design; and (c) measurement of biomar-
kers. The sample sizes of PD patients and healthy controls,
and the mean value and standard deviation of each
inflammatory marker between groups were extracted for
meta-analysis. Study quality was evaluated using the
Newcastle-Ottawa Quality Assessment Scale.

Statistical Analysis

Inflammatory markers reported in at least three studies were
included in the meta-analysis. Owing to the differences in
the measurement methods and expected high heterogeneity,
we assessed a standardized mean difference (SMD) of each
inflammation marker and performed the meta-analysis using
a random-effects model, conducted using Stata 15.1 soft-
ware. Each numerical value of the result is presented with
a 95% confidence interval (95% CI). The 12 statistic was
calculated to quantify the heterogeneity of the included
studies, with a value of 25% regarded as low, 50% as
medium and 75% as high.'” The results of all analyses
were considered significant if the p-value was less than 0.05.

Results

Search Results

We identified 405 studies in the two databases, excluded
159 duplicate records, and screened the remaining 246
studies, of which 14 met the eligibility criteria and were
included in this study. The main reasons for exclusion
were animal studies, in vitro studies, and studies involving
PD patients or controls combined with clinical diseases.

The process for identification and screening of the litera-
ture is shown in the systematic reviews and meta-analysis
(PRISMA) flow diagram (Figure 1).

The general characteristics of the 14 eligible studies are
listed in Table 1. A total of 1455 PD patients and 1385
healthy controls were involved in this study. In total, 18
different inflammatory markers were assessed (Table 2),
and among them, CRP (4/14, 28.6%), TNF-a (6/14,
42.9%), IL-6 (8/14, 57.1%), IFN-y (4/14, 28.6%), IL-1B
(4/14, 28.6%), IL-2 (4/14, 28.6%) and IL-10 (5/14, 35.7%)
were the most commonly studied. Other cytokines were
reported only in two or fewer studies.

Measurement methods were reported in all 14 studies
(Table 2), including enzyme-linked immunosorbent assay
(ELISA) in 7 (50%) studies. The sensitivity of measure-
ment was reported in 10 studies (10/14, 71.4%). Plasma
samples were detected in 8 studies (8/14, 57.1%), and
another 6 studies (6/14, 42.9%) evaluated serum samples.

Risk of Bias and Quality Evaluation

All included PD patients were diagnosed according to
of Mental
Disorders. No significant differences in age or sex

the Diagnostic and Statistical Manual
between PD patients and healthy controls were found
in any of the included studies (Table 1). BMI and
smoking of participants were reported in 5 (5/14,
35.7%) and 6 (6/14, 42.9%) studies, and no significant
differences were detected (Table 1).

Comorbidity of depression and other mental disorders,
and the use of psychotropic drugs are important factors
that influence the inflammatory response in mental disor-
ders. Most of the included studies (10/14, 71.4%) excluded
participants with depression or other mental disorders.
Participants taking psychotropic drugs were -clearly
excluded in 5 studies (5/14, 35.7%). Three studies (3/14,
21.4%) reported that PD patients stopped taking all anti-
psychotic medications within 0.5-3 months before enroll-
ment. Participants taking psychotropic drugs (mainly
benzodiazepines) were noted in 5 studies (5/14, 35.7%).
Only one study (1/14, 7.1%) did not mention the use of
psychotropic drugs (Table 1).

Comorbidities of physical diseases are important deter-
minants of inflammatory cytokines. None of the 14 studies
included participants with chronic physical conditions
(Table 1). Many inflammatory markers present diurnal
expression patterns, and they are affected by food intake.
Therefore, the sampling time and a fasting state during
sampling were important factors to be considered in the
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Records identified through Additional records identified
database searching through other sources
(N =405) (n=0)
v v
Records after duplicates removed
(N =246)
v
Records screened Records excluded
(N =246) 7 (N=176)
v
Full-text articles assessed Full-text articles excluded
for eligibility No diagnosis of PD (N =5)
(N =70) No data available (n = 26)
No healthy control (n =2)
Combined clinical diseases (n = 2)
Review (n=9)
g \ In vitro (n = 3)
E Study included in Genetic measure (n = 6)
E quantitative synthesis Animal (n=3)
(N=14) Overall (n=56)

Figure | Flowchart of literature search.

analyses of cytokine levels. A sampling time of one day
was recorded in 12 studies (12/14, 85.7%), and most of the
studies (10/14, 71.4%) reported sampling in the morning.
Fasting was clearly noted in 6 studies (6/14, 42.9%)
(Table 2).

The overall quality of the included studies was similar,
with Newcastle-Ottawa Scale scores ranging from 5 to 8
(Table 3). However, the nonresponse rate and detailed recruit-
ment methods were not described in most studies. Considering
that fewer than 10 studies were included in each meta-
analysis, we did not have sufficient capacity to detect the
risk of bias.

CRP

Four studies analyzed CRP in PD, involving 152 PD patients
and 156 controls (Figure 2). Herran et al'® showed that the CRP
level was significantly higher in PD patients than in controls,

while the remaining three studies reported by Kim et al,'

Strawn et al,”® and Choi et al*' did not reveal a significant
difference in CRP between groups. There was little heteroge-
neity among the 4 studies (I* = 0.0%, df = 3, p = 0.913). Our
meta-analysis showed a significantly higher level of CRP in
PD patients than in controls (z = 3.50, p < 0.001).

Interleukins
As shown in Table 3, a total of 11 studies illustrated the
correlation between PD and interleukins (ILs).

IL-6 was the most frequently measured interleukin in
the included studies, which was reported in 8 studies
involving 341 PD patients and 320 controls. The conclu-
sion that PD patients had a significantly higher level of IL-
6 than controls was obtained in 4 studie:s,13’19’21’22 while
the other 4 studies'>***° did not identify a significant
difference in IL-6 levels. Our meta-analysis showed
a significantly higher level of IL-6 in PD patients than in

controls (z = 2.32, p = 0.020), although the heterogeneity
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Figure 2 Forest plot of standard mean difference (SMD) of CRP levels in PD vs controls.

Abbreviations: CRP, C-reactive protein; PD, panic disorder.

was relatively high among 8 studies (I> = 73.9%, df = 7,
p < 0.001) (Figure 3).

IL-1B levels in PD patients and controls were detected in 4
studies, 3232627
did not detect a significant difference in IL-1p levels between
PD patients and controls (z = 1.12, p = 0.261), and the hetero-
geneity was relatively high (I* = 80.0%, df = 3, p = 0.002)
(Figure 4).

Four studies compared IL-2 levels in PD patients with

involving 63 PD patients and 55 controls. We

controls, involving 140 PD patients and 134 controls.
Raparort et al*’ reported that IL-2 levels in PD patients
tended to increase compared with those in the control group
(P<0.07). Nevertheless, no significant difference in IL-2
levels between PD patients and controls was observed in
studies conducted by Tiikel et al,”> Hoge et al,'* and Zou
et al.”* Our meta-analysis found a higher level of IL-2 in PD
patients (z = 2.25, p = 0.025) (Figure 5).

IL-10 levels in PD patients were reported in 5 studies, with
inconsistent findings. A total of 205 PD patients and 198

controls were involved. Zou et al,>* van Duinen et al,”> and
Choi et al*' demonstrated that there was no significant differ-
ence in IL-10 levels between PD patients and controls.
Inconsistently, Petrowski et al'” reported a higher level of IL-
10 in PD patients than in controls, while the opposite result was
obtained in another study'?® with the smallest sample size. Our
meta-analysis suggested that there was no significant differ-
ence in IL-10 levels between groups (z=1.40, p =0.161), and
the heterogeneity among the 5 studies was relatively high
(I = 94.2%, df =4, p < 0.001) (Figure 6).

The correlation between PD and other ILs has rarely
been reported. Only two studies compared IL-la levels
between PD patients and controls, and they obtained incon-
sistent results. Hoge et al'® showed a higher level of IL-1a
17 did not identify
a significant difference. The IL-8 level in PD patients was

in PD patients, while Raparort et a

also reported in 2 studies, and Hoge et al'® showed a higher
level of IL-8 in PD patients than in controls, but van Duinen
et al®”® insisted no significant difference. Two studies
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1
1
1
:
X

T T

Figure 3 Forest plot of standard mean difference (SMD) of IL-6 levels in PD vs controls.

Abbreviations: IL-6, interleukin-6; PD, panic disorder.

compared IL-4 levels in PD patients and controls, and one
demonstrated a higher level of IL-4 in PD patients,'® while
the other did not identify a significant difference after
adjusting for age, sex, BMI, educational level, resident
location, marital status and smoking.** IL-12 and IL-18
levels were observed between PD patients and controls
only in one study, and it has been shown that IL-12 levels
are lower” and IL-18 levels are higher in PD patients.*®
Another study compared the relative levels of IL-5, IL-7,
IL-13 and IL-15 between PD patients and controls. The data
showed that PD patients presented higher levels of IL-7 and
IL-13 than controls, while no significant differences were
obtained in the levels of IL-5 and IL-15."

TNF-a

Six studies involving 207 PD patients and 204 controls
examined TNF-a levels. Only Hoge et al'®> showed
a significantly higher level of TNF-a in PD patients than
in controls (P<0.0005), while the remaining 5 studies all

considered no significant difference between the two
groups.> #2>% Our meta-analysis showed a higher
level of TNF-a in PD patients (z = 2.51, p = 0.012), with
a small effect size and less heterogeneity (I> = 0.0%, df =
5, p = 0.876) (Figure 7).

INF-y
We retrieved 4 studies on the correlation between PD and
IFN-y, involving 176 PD patients and 175 controls. Tiikel
et al* reported a significantly lower level of IFN-y in PD
patients than in controls, and a reduced level of IFN-y was
PD (P=0.04).

Inconsistently, Zou et al** did not identify a significant
113

a significant predictive factor for

difference in IFN-y levels between groups. Hoge et a
and Choi et al*!
significant difference in baseline IFN-y between PD

obtained similar results that detected no

patients and controls. Through meta-analysis, our findings
showed no significant difference in IFN-y levels between
groups (z = 0.10, p = 0.921), and the heterogeneity among
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Figure 4 Forest plot of standard mean difference (SMD) of IL-1levels in PD vs controls.

Abbreviations: IL- 18, interleukin-1p; PD, panic disorder.

the 4 studies was relatively high (I = 80.6%, df = 3, p =
0.001) (Figure 8).

Discussion

Although the inflammatory process has been verified to be
associated with the pathophysiology of PD, inflammatory
marker levels in PD patients have not been well
analyzed.'*>%3! To our knowledge, this was the first sys-
tematic review and meta-analysis focusing on peripheral
inflammatory markers in PD patients. Through a literature
review, a total of 14 eligible studies involving 18 inflam-
matory markers in 1455 PD patients were included. The
overall results to date have shown a trend of elevated
peripheral cytokine levels in PD patients, but the results
have been very inconsistent. In the present study, a meta-
analysis was conducted on inflammatory markers in PD
patients reported in three or more studies. Our results
demonstrated that peripheral levels of CRP, IL-6, IL-2,
and TNF-a were significantly higher in PD patients than

in healthy controls, while no significant differences in the
levels of IL-1pB, IL-10 and IFN-y were detected.

CRP is a key early proinflammatory surveillance mole-
cule involved in activation of the complement system and
immune system.>? Anxiety-related psychological stress
has been proven to activate the inflammatory response,
which is related to increased levels of circulating inflam-
mation markers such as CRP.**?* Our meta-analysis
results showed higher CRP levels in PD patients than in
controls (SMD=0.41). The effect size of CRP was higher
than that reported in other anxiety disorders, such as post-
traumatic stress disorder (PTSD, SMD=—0.14)*> or major
depressive disorder (MDD, SMD=0.14),> while it was
similar to that of schizophrenia (SMD=0.45)>" and gener-
alized anxiety disorder (GAD, SMD=0.38).'® Among the 4
studies reporting CRP levels in PD patients, only one
study'® concluded that the CRP level in PD patients was
higher than that in the control group, but a trend of
elevated CRP levels in PD patients could be observed in
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Figure 5 Forest plot of standard mean difference (SMD) of IL-2 levels in PD vs controls.

Abbreviations: IL-2, interleukin-2; PD, panic disorder.

the other three studies.'” ' Although this conclusion is
based on the analysis of a small sample, our conclusion is
consistent with the results of a large-scale study involving
1698 PD patients and 48,677 control subjects.*® However,
this study was excluded from our study because some PD
patients also had clinical diseases.

Every member of the IL family is of great significance
for inflammation regulation. As an important proinflam-
matory cytokine, IL-6 is one of the most initially reported
cytokines involved in the neuroimmune inflammatory
response,”* which induces acute phase protein synthesis,
regulation of proinflammatory factors and activation of
microglia.>® The role of IL-6 in mental disorders and
neuroinfectious diseases has been validated.'*** Elevated
IL-6 levels are associated with many mental disorders,
including depression, schizophrenia, and PTSD.* It has
been reported that the severity of PD is positively corre-
lated with IL-6 levels.'”*' Our meta-analysis found that
PD patients had a higher level of IL-6 than controls

(SMD=0.39), and the heterogeneity of relevant studies
was high. At present, immunotherapy for mental disorders
is already under way. Serving as a therapeutic target for
autoimmune diseases, pharmacological blockade of IL-6 is
used to treat several autoimmune diseases, such as rheu-
matoid arthritis (RA).>* Therefore, it is reasonable to spec-
ulate that monitoring dynamic levels of IL-6 in PD
patients is of significance to the diagnosis and treatment
of PD.

IL-2 is secreted by activated T cells and plays an impor-
tant role in T cell-mediated autoimmune diseases and
inflammation.*> IL-10 is an anti-inflammatory cytokine
secreted by T helper cells that contributes to regulating the
immune response by limiting the proinflammatory process.**
Research results on IL-2 and IL-10 in PD patients are incon-
sistent. Although most studies have suggested that IL-2 and
IL-10 are not correlated with PD, our meta-analysis, inter-
estingly, revealed higher levels of IL-2 in PD patients than in
controls, but the effect size was small (SMD=0.28). We
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Figure 6 Forest plot of standard mean difference (SMD) of IL-10 levels in PD vs controls.

Abbreviations: IL-10, interleukin-10; PD, panic disorder.

believe that our finding is reasonable because PD is closely
related to the inflammatory response.'® However, the current
epidemiological evidence on the correlation between PD and
ILs is limited and should be further confirmed by prospective
longitudinal studies.

TNF-a is also a proinflammatory cytokine with extensive
functions in host defense. It can initiate a strong acute inflam-
matory response.*’ As a blocking target of monoclonal anti-
bodies, TNF-a can be used in the treatment of multiple
autoimmune diseases, such as Crohn’s disease and RA.*? It
has been reported that anxiety disorders can activate the
inflammatory response, and regulate the hypothalamic-
pituitary-adrenal (HPA) system by upregulating TNF-0.*

Brambilla et al®®

believed that the high secretion of norepi-
nephrine in PD patients can downregulate the density of
norepinephrine receptors and weaken the inhibitory effect of
the immune system, thus stimulating the production of cyto-
kines such as TNF-o. Our meta-analysis results also revealed

that PD patients had a higher level of TNF-o than controls

(SMD=0.25), and the heterogeneity of relevant studies was
small. Among the 6 studies on TNF-a, only one conducted by
Hoge et al'"® reported a higher level of TNF-a in PD patients
than in controls, while the other 5 studies*' 2***? all found
that the value of TNF-a in PD patients was higher than that in
the control group. This was similar to the meta-analysis of
CRP, and more studies are needed to validate our results.
Although similar measurement methods were adopted in
the included studies, the detection types were not all the same.
We attempted to control confounding factors as much as
possible, and as a result, the final sample size was small. The
adjustment of important confounding factors differed among
these studies, including comorbid anxiety or depression, drug
use, sample collection and blood collection time, which can all
cause high heterogeneity. A further limitation was that none of
the included studies were labeled with cutoff values for inflam-
matory markers. This also increased the heterogeneity of the
studies. Due to the lack of studies, we were unable to analyze
the causes of heterogeneity. In addition, we found that there
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Figure 7 Forest plot of standard mean difference (SMD) of TNF-a levels in PD vs controls.

Abbreviations: TNF-0, tumor necrosis factor-a; PD, panic disorder.

are few studies on the correlation between the severity and
duration of PD and inflammatory markers, which makes it
impossible to analyze whether these inflammatory markers
can predict prognosis. Finally, peripheral blood samples ana-
lyzed in this meta-analysis were limited as indicators of the
inflammatory response in the brain, because the inflammatory
response involving cytokines may be confined to the cere-
brospinal fluid, rather than a broader systemic response. In
conclusion, our findings should be cautiously interpreted and
validated in further studies because of the high heterogeneity,
small sample size, and different adjustments in known con-
founding factors of PD (eg, BMI, smoking, drug use, and
comorbid anxiety or depression).

Conclusions

Although the role of inflammatory cytokines in the patho-
physiology of PD has not yet been clearly clarified, prelimin-
ary evidence has shown an elevated inflammatory response

in PD patients. Compared with other mental disorders, such
as major depression and schizophrenia, neuroinflammation
research on PD is scant. This meta-analysis obtained
a preliminary conclusion that the inflammatory state was
common in PD patients, manifested by an extensive increase
in peripheral proinflammatory cytokines. However, it was
unclear whether the inflammatory response in PD patients
was the key pathological event of PD, or the stress response
secondary to PD. Although we are still a long way from using
inflammatory cytokines as biomarkers or therapeutic targets
for PD, the current findings reflect the role that persistent
inflammation plays in the development of PD. In the future,
great efforts should be made to explore the potential of
inflammatory cytokines as biomarkers or therapeutic targets
of PD. In addition, large-scale prospective longitudinal stu-
dies or repeat studies in larger samples are needed to further
validate the correlation between PD and inflammation and

the underlying mechanism.
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Figure 8 Forest plot of standard mean difference (SMD) of IFN-y levels in PD vs controls.

Abbreviations: IFN-y, interferon-y; PD, panic disorder.

Abbreviations
PD, panic disorder; PRISMA, preferred reporting items
for systematic reviews and meta-analyses; BMI, body
mass index; SMD, standardized mean difference; CI,
confidence interval; ELISA, enzyme-linked immunosor-
bent assay; RA, rheumatoid arthritis; HPA, hypothala-
mic-pituitary-adrenal; CRP, C-reactive protein; IL,
interleukin; TNF-o, tumor necrosis factor-a; IFN-y,
PTSD,

MDD, major depressive disorder.

interferon-y; posttraumatic  stress disorder;
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