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ABSTRACT
Objectives: Growing evidence indicates that inflammatory processes may play a role in the
pathogenesis of anxiety disorders. Nevertheless, much remains to be learned about the involve-
ment of inflammation, including C-reactive protein (CRP), in specific anxiety disorders. This study
examines the relation between anxiety disorders and CRP.
Methods: Associations of serum CRP with anxiety disorders were determined in a large popula-
tion study (n¼ 54,326 participants, mean age¼ 47 years; 59% female), the LifeLines cohort.
Depressive and anxiety disorders (generalized anxiety disorder, social anxiety phobia, panic dis-
order with or without agoraphobia and agoraphobia without panic disorder) were assessed
using the Mini-International Neuropsychiatric Interview.
Results: Anxiety disorders, with the exception of social anxiety disorder, were significantly associ-
ated with increased CRP. After adjusting for demographics, life style factors, health factors, medi-
cation use, depression, and psychological stressors, CRP remained significantly associated with
panic disorder with agoraphobia (b¼ 0.01, P¼ .013). Moreover, CRP levels were significantly
higher in people with panic disorder with agoraphobia compared to other anxiety disorders,
independent of all covariates (F¼ 3.00, df¼ 4, P¼ .021).
Conclusions: Panic disorder with agoraphobia is associated with increased CRP, although the
effect size of this association is small. This indicates that neuroinflammatory mechanisms may
play a potential role in its pathophysiology.
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1. Introduction

Anxiety disorders are the most prevalent of the mental
disorders (Kessler et al. 2005). Generalized anxiety dis-
order, panic disorder with agoraphobia, social anxiety
disorder and agoraphobia have a chronic clinical
course, low rates of recovery and relatively high proba-
bilities of recurrence (Bruce et al. 2005). Despite their
high prevalence and negative impact on physical
health and occupational functioning, much remains to
be learned about their underlying psychopathological
mechanisms. There is evidence of a possible role for
inflammatory processes in the aetiology of clinical anx-
iety (Michopoulos et al. 2017) and potential differences
in inflammatory regulation between anxiety disorders
(Furtado and Katzman 2015). Our understanding of the
role of endocrine and neuroinflammatory dysfunction

in the pathophysiology and aetiology of anxiety is par-
ticularly advanced in posttraumatic stress disorder
(PTSD) (Michopoulos et al. 2017). Findings from
research on PTSD propose that a dysregulation of the
hypothalamic-pituitary-adrenal axis may impact
immune regulation (de Kloet et al. 2006), and account
for symptoms of anxiety (Leonard 2005). General anx-
iety disorder, social anxiety disorder, panic disorder
with or without agoraphobia and agoraphobia are
highly co-morbid with each other as well as other psy-
chiatric disorders including, depression, PTSD, and sub-
stance-use disorders, so determining specific
associations requires large sample sizes (Kaufman and
Charney 2000). Moreover, psychological stressors need
to be controlled for since they are associated with
increased circulating inflammatory markers, i.e.,
C-reactive protein (CRP) (Steptoe et al. 2007; Rohleder
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2014) and involved in the psychopathology of anxiety
(Angst and Vollrath 1991; Breslau et al. 1995).

CRP is an important marker of inflammation (Pepys
and Hirschfield 2003). Six large studies have investi-
gated the relation between anxiety disorders and CRP
(Pitsavos et al. 2006; Liukkonen et al. 2011; Copeland
et al. 2012; Vogelzangs et al. 2013; Wagner et al. 2015;
Tayefi et al. 2017); all found that anxiety disorders are
significantly associated with increased CRP levels, indi-
cative of a low-grade inflammation. These studies
have, however, important limitations. All but two stud-
ies (Vogelzangs et al. 2013; Wagner et al. 2015) used
self-report questionnaires to assess anxiety. These
questionnaires are prone to confounding by physical
health status and depression (Lovibond and Lovibond
1995). Five studies (Pitsavos et al. 2006; Liukkonen
et al. 2011; Copeland et al. 2012; Wagner et al. 2015;
Tayefi et al. 2017) did not examine CRP levels across
different anxiety disorders. A third limitation is that
four of the studies (Liukkonen et al. 2011; Copeland
et al. 2012; Vogelzangs et al. 2013; Wagner et al. 2015)
used birth cohorts or cohorts which over selected
patients with anxiety or depression, restricting the
generalizability of the results. The limitations of these
studies include problems with generalization, and
restricted adjustment for important variables that can
explain the association between CRP and anxiety
disorders.

To address these issues we investigated the relation
between anxiety disorders and CRP with data from the
LifeLines Cohort study. This study offers the opportun-
ity to investigate the relation between different anx-
iety disorders, assessed by a clinical interview, and CRP
as a marker for inflammation in a very large, represen-
tative population cohort, taking into account key
determinants such as age, sex, lifestyle factors, general
medical conditions, depression, psychological stressors
and medication use. Our first aim was to evaluate the
associations between anxiety disorders (generalized
anxiety disorder, social anxiety disorder, panic disorder
with or without agoraphobia and agoraphobia) and
CRP as marker for inflammation in the general popula-
tion. A second aim was to establish if the presence of
comorbid anxiety disorders and the number of comor-
bid anxiety disorders affects this association. A third
aim was to examine potential determinants i.e., socio-
demographic variables (sex, age, education), life style
factors (smoking status, alcohol use, BMI, frequency of
activity), health status (cardiovascular disease and dia-
betes mellitus), medication use (anti-depressant, anti-
inflammatory and statins) and depression and stress
(major depression, Long-term Difficulties Inventory
(LDI) and List of Threatening Experiences (LTE)) in

these associations. The final aim was to compare
serum CRP levels between specific anxiety disorders.

2. Materials and methods

2.1. Design and participants

In this cross-sectional study, we used data from sub-
jects participating in the LifeLines Cohort Study
between February 2007 and October 2012. The
LifeLines Cohort Study is a multi-disciplinary prospect-
ive population-based cohort study with a unique
three-generation design aiming to examine the health
and health-related behaviours of 165,000 participants
living in the north-eastern region of the Netherlands
(Stolk et al. 2008; Scholtens et al. 2015). It employs a
broad range of investigative procedures to assess the
socio-demographic, biomedical, behavioural, and psy-
chological factors that contribute to the health and
disease of the general population, with a focus on
multimorbidity. All survey participants were between
18 and 90 years old at the time of enrolment. All par-
ticipants provided written informed consent before
participating in the study. The study protocol was
approved by the medical ethical review committee of
the University Medical Centre Groningen. CRP was
measured in 55,233 serum samples that were collected
at three intervals, February 2007 to November 2008,
February 2010 to September 2011 and June 2012 to
November 2012. Participants for whom data for CRP
and psychiatric assessments were available were
selected for this study (N¼ 54,326).

2.2. Assessment of depression and anxiety
disorders

Current (past 2 weeks) depression (major depressive
episode) and anxiety disorders (social anxiety disorder,
panic disorder with and without agoraphobia, and
generalized anxiety disorder) were assessed according
to the fifth edition of the Dutch translation of the
MINI neuro-psychiatric interview by trained research
assistants as previously described (Wanders et al.
2016). The MINI interview is a systematic interview
based on DSM-IV and ICD-10 criteria, with excellent
inter-rater reliability (Kappa, k> 90), and high retest
reliability (k¼ 0.87 for MDD, k¼ 0.78 for anxiety disor-
ders) (Sheehan et al. 1998). PTSD and specific phobia
were not assessed in Lifelines. For anxiety disorders,
variables for the individual disorders were used for
analyses. In addition, the presence of at least one anx-
iety disorder (any anxiety disorder, n¼ 5,649) and a
summative variable for the number of comorbid
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disorders were created (two co-existing anxiety disor-
ders, n¼ 717; three co-existing anxiety disorders,
n¼ 125; four co-existing anxiety disorders, n¼ 1).

2.3. CRP measurement

Blood samples for all study participants were collected
into serum tubes via venipuncture the morning after
an overnight fast. Tubes were kept at room tempera-
ture for 30min to allow for clotting and were subse-
quently centrifuged at 2,500� g, aliquoted into cryo
vials and immediately stored at –80 �C until analyses.
High-sensitivity CRP was measured at the clinical
chemistry laboratory of the University Medical Centre
Groningen. Serum CRP concentrations were measured
with an immunoturbidimetric assay (CRPL3, Roche
Diagnostics, Indianapolis, IN, USA) the lower reference
limit was 0.3mg/dl and CardioPhase hs-CRP (Siemens
Healthcare Diagnostics, Marburg, Germany) with a
lower reference limit of 0.18mg/dl. The intra-assay coef-
ficient of variation (CV) for CRPL3 was 4.15% and for
CardioPhase, 3.45%. Inter-assay CVs were 5.70% and
3.15%, respectively. The between assay CV was 6.42%.

2.4. Covariates

Sociodemographic factors included age, sex and edu-
cation level. Education was assessed with a question-
naire asking for the highest level of education that the
participant successfully finished. Based on these data
three variables were generated: (1) no education or
elementary school; (2) high school and applied educa-
tion; (3) higher education. From this, two dummy vari-
ables were created with the no education/elementary
school as reference group.

Life style is an important factor mediating the rela-
tion between anxiety and increased inflammation
markers. Therefore markers indicating unhealthy life
style where added as covariate in this study. Smoking
status and alcohol use were assessed by self-report.
Smoking status was categorized as non-smoker, for-
mer-smoker (did not smoke for more than 30 days
prior to assessment), and current-smoker. For the
regression analysis, two dummy variables were created
with non-smokers as reference group. Alcohol use was
transformed to a variable indicating the number of
alcohol consumptions per week. Height was measured
to the nearest 0.1 cm. Body weight was measured
without shoes with a 0.1-kg precision. Body mass
index (BMI) was calculated as weight in kg divided by
the square of the measured height in m. Physical exer-
cise was defined as the frequency per week in which
the respondent typically engaged in moderate physical

activities (e.g. walking, bicycling, gardening and house-
hold work) for at least half an hour, it was then cate-
gorized into high (twice or more per week), medium
(once per week) and low (do not exercise/hardly per
week) as previously described (Nigatu et al. 2016). Two
dummy variables were created with high and medium
activity for regression analysis.

Subjects were asked to complete a self-adminis-
tered questionnaire on medical history and current dis-
eases. Participants were considered to have a vascular
disease if they answered affirmatively to the questions:
‘do you/did you ever have a (1) myocardial infarction;
(2) heart failure; (3) stroke; (4) obstruction of the
carotid artery; (5) undergone an angioplasty?’ Presence
of diabetes (type I or type II) was assessed with the
question ‘do you have diabetes mellitus?’

For the assessment of current medication use par-
ticipants were asked to bring the medication contain-
ers to interview. During the interview the research
assistant noted the name and dose of the prescribed
medication in a database where it was classified accord-
ing to the World Health Organization Anatomical
Therapeutic Chemical classification (ATC). For the ana-
lysis in this study, anti-inflammatory medication
included amino salicylic acid and similar agents (A07EC),
anti-allergic agents (A07EB), systemically applied corti-
costeroids (H02A), anti-inflammatory and anti-rheumatic
products (M01), other analgesics and antipyretics (N02B)
and statins (C10AA, C10B) as covariates. As different
classes of antidepressants are found to influence
immune function, medication included selective sero-
tonin reuptake inhibitors (SSRIs) (N06AB), serotonin-
norepinephrine reuptake inhibitors (SNRI) (N06AX16,
N06AX21), tricyclic antidepressants (TCAs) (N06AA) and
tetracyclic antidepressants (TeCA) (N06AX03, N06AX05,
and N06AX11). Other anti-depressant medications were
also included (N06AX12, N06AX18 and N06AX22).

Major depressive disorder and psychological stres-
sors are associated with increased inflammatory
markers, including CRP (Slavich and Irwin 2014).
Stressful life events were assessed by means of the
Dutch version of the LTE, a 12-item self-report ques-
tionnaire (Brugha and Cragg 1990). Chronic stress was
measured with the LDI. The LDI is a self-report ques-
tionnaire intended to measure long-term difficulties
(Hendriks et al. 1990). LTE and LDI possess adequate
validity and stability for use in large epidemiological
studies (Rosmalen et al. 2012).

2.5. Statistical analysis

All analyses were conducted using SPSS (version 22,
IBM, USA). P values were considered statistically
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significant for all analyses at a value of less than 0.05.
Because of the skewed distribution of CRP, ln-trans-
formed CRP levels were used for further statistical
analyses. Data for smoking status and alcohol use had
a relatively high number of missing values (alcohol use
14.4%; smoking 8.7%). Data were considered to be
missing at random, an assumption when erroneous
data tend to have only a minor impact on estimates
(Collins et al. 2001). Therefore, a multiple imputation
approach by chained equations was adopted to
replace these missing values (Rubin and McHugh
1987). Missing values were replaced by imputed values
estimated from all predictor variables. Statistical analy-
ses were performed on ten imputed datasets.

Sex and age interactions between the association of
anxiety disorders with CRP have been previously
reported (Duivis et al. 2013; Vogelzangs et al. 2013).
Therefore, analyses of covariance (ANCOVA) was per-
formed to determine the interaction of sex, age and
age2 with anxiety disorders (social anxiety disorder,
panic disorder with and without agoraphobia, and
generalized anxiety disorder) with CRP as the depend-
ent variable.

Multiple regression models were performed separ-
ately for individual anxiety disorders; generalized anx-
iety, panic disorder without agoraphobia, panic
disorder with agoraphobia and agoraphobia without
panic disorder, with CRP as dependent variable.
Groups with any anxiety disorder and presence of
comorbid anxiety disorders (>1) were included in this
analysis. The following variables were added to the
model: unadjusted; model (1) socio-demographic varia-
bles (sex, age, education); model (2) life style factors
(smoking status, alcohol use, BMI, frequency of activ-
ity); model (3) health (cardiovascular disease and dia-
betes mellitus), and medication (anti-inflammatory and
statins); model (4) adjusted for depression and stress
(major depression, LDI and LTE) and anti-depressant
medication; model (5) included all variables.

We next examined the differences of CRP levels
between control group without anxiety disorders
(n¼ 48,677) compared to people with anxiety
(n¼ 5,649) with an independent samples t-test.
Analyses of variance (ANOVA) with Tukey post hoc test
for pair-wise comparisons was used to investigate CRP
levels between anxiety disorders; generalized anxiety
disorder, social anxiety disorder, and panic disorder
with and without agoraphobia. For this analysis, indi-
viduals with co-existing anxiety disorders were
excluded to adequately evaluate serum CRP levels
between the different anxiety disorders. Exclusion of
co-existing anxiety disorders resulted in generalized
anxiety disorder (n¼ 1,700), social anxiety disorder

(n¼ 170), panic disorder without agoraphobia
(n¼ 1050), panic disorder with agoraphobia (n¼ 259),
agoraphobia (n¼ 1627). Subsequently, analyses of
covariance (ANCOVA) with post hoc test was per-
formed to examine the potential effects of all determi-
nants (socio-demographic variables, life style factors,
health, medication use, depression and stress) in the
comparison of serum CRP levels between control vs.
presence of anxiety disorders and between the anxiety
disorders.

3. Results

3.1. Baseline characteristics

Table 1 provides a description of the characteristics of
the total study sample, the control group with partici-
pants without anxiety disorders and each anxiety dis-
order. The total study sample (n¼ 54,326) consisting
of 22,189 male (40.8%) and 32,137 female participants
(59.2%) with a mean age of 47.33 (SD¼ 11.92).
Prevalence of any anxiety disorders was 10.4%, with
prevalence rates of generalized anxiety disorder 4.5%,
social anxiety disorder 0.9%, panic without agorapho-
bia 2.3%, panic disorder with agoraphobia 0.8%, agora-
phobia without panic disorder 3.7% and major
depression 2.7%. Exploration of the details of partici-
pants with missing data for alcohol use (n¼ 7,079),
physical activity (n¼ 2,057) and smoking (n¼ 4,753)
indicated that participants with anxiety disorder or
depression were not significantly over-represented in
this group; all other variables were comparable
between participants with missing and non-missing
data. As alcohol use, physical activity and smoking sta-
tus are important covariates, missing data were
replaced with multiple imputations as described in the
materials and methods section. Moreover, this
increased the sample size with 10,855 participants.

3.2. Interaction of sex and age with the
association of anxiety disorders and CRP

No significant interaction effects were found for sex,
age or age2 with separate anxiety disorders (general-
ized anxiety, panic disorder without agoraphobia,
panic disorder with agoraphobia and agoraphobia
without panic disorder) and CRP as dependent vari-
able, as P< .05 was considered significant for inter-
action terms (Table 2). Thus, stratified analyses for sex
and age were not performed.
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3.3. Anxiety disorders and CRP

Multiple linear regression analyses were conducted to
examine the association of CRP with specific anxiety
disorders. As shown in Table 3, generalized anxiety dis-
order was no longer significantly associated with CRP
after correcting for major depression and stress. No
significant association between symptoms of social
anxiety disorder with CRP was found. Significant asso-
ciations between CRP and panic disorder without
agoraphobia were attenuated after adjustment for
demographics (sex, age, education) and life style fac-
tors (smoking status, alcohol use, BMI, frequency of
activity). The association between CRP with presence
of panic disorder with agoraphobia remained signifi-
cant after adjustment for all covariates (model 5,
B¼ 0.052, SE¼ 0.021, b¼ 0.010, P¼ .013). Current
symptoms of agoraphobia without panic disorder and
the presence of anxiety disorders remained signifi-
cantly associated with CRP after correction for demo-
graphics, life style factors, health, medication use,
depression and stress, but significance was not present
after adjustments for all covariates in the final model.
Significance in associations between CRP and presence
of any anxiety disorders and presence of comorbid
anxiety disorders was lost after correcting for all varia-
bles in model 5. Because previous studies presented
sex differences between anxiety disorders and CRP lev-
els, we performed sex-stratified analyses to allow a
comparison with previous findings (Supplementary
Table 1).

3.4. Serum CRP levels in anxiety disorders

Figure 1(A,B) presents adjusted means of back-trans-
formed CRP levels across different anxiety disorders.
Serum CRP levels were significantly increased in peo-
ple with anxiety disorders 2.96 (SE¼ 0.07) mg/l com-
pared to people without anxiety disorders 2.58
(SE¼ 0.02) mg/l (P< .001) (Figure 1(A)). However, this
significance was lost after controlling for all variables
with ANCOVA (F¼ 0.55, df¼ 1, P¼ .46). Significant dif-
ferences between the anxiety disorders were found
(ANOVA, F¼ 5.26, df¼ 4, P< .001) (Figure 1(B)).
Serum CRP levels were significantly elevated in people

Table 2. Interaction of sex, age and age2 with the association
of anxiety disorders and CRP.

Sex
(P value)

Age
(P value)

Age2

(P value)

Generalized anxiety .81 .61 .70
Social anxiety disorder .79 .14 .27
Panic disorder without agoraphobia .08 .14 .13
Panic disorder with agoraphobia .39 .70 .71
Agoraphobia without panic disorder .31 .30 .25
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with current panic disorder with agoraphobia 3.73
(SE¼ 0.27) mg/l compared to generalized anxiety
disorder 2.98 (SE¼ 0.1) mg/l (P< .001), social anxiety
disorder 2.8 (SE¼ 0.19) mg/l (P¼ .002), panic disorder
without agoraphobia 2.93 (SE¼ 0.15) mg/l (P¼ .001)
and agoraphobia without panic disorder 2.91
(SE¼ 0.11) mg/l (P¼ .001). Further analyses with
ANCOVA adjusted for all variables (F¼ 3.00, df¼ 4,
P¼ .021) and post hoc analyses showed that serum
CRP levels remained significantly increased in current
panic disorder with agoraphobia compared to general-
ized anxiety disorder (P¼ .001), social anxiety disorder
(P¼ .015), panic disorder without agoraphobia
(P¼ .008) and agoraphobia without panic disorder
(P¼ .017).

4. Discussion

This is the largest study to date to investigate associa-
tions of CRP between different anxiety disorders. The
results from this study show that no interaction of sex
or age differences were found in the association of
CRP with any anxiety disorders. Anxiety disorders, with
the exception of social anxiety disorder, are associated
with higher serum CRP levels. This association

remained significant for panic disorder with agorapho-
bia after adjusting for all covariates. Serum CRP levels
are significantly increased in people with panic dis-
order with agoraphobia.

No interaction of sex differences were found in the
association of CRP with any anxiety disorders. Studies
by Liukkonen et al. (2011) and Vogelzangs et al. (2013)
reported associations between anxiety symptoms and
CRP in men only, whereas the study by Pitsavos et al.
(2006) and Tayefi et al. (2017) found significant associ-
ations in both men and women. Our finding supports
the notion put forwards by Vogelzangs et al. that sex
differences become less relevant in older individuals,
as participants in our study (mean age 47 years; 19–92
years) and the population groups in Pitsavos et al.
(mean age 45 years; 18–89 years) and Tyefi et al.
(mean age 48 years), were older than the population
groups of Liukkonen et al. (mean age 31 years) and
Vogelzangs et al. (mean age 42 years; 18–65 years).
Our results from sex-stratified analyses showed that
the associations between CRP and anxiety disorders
were generally similar between males and females.
Higher significance in females was likely contributed
to the higher ratio of females to males. However, CRP
levels were particularly elevated in males with panic

Figure 1. Adjusted marginal mean values of CRP levels in non-anxiety controls and anxiety disorders; generalized anxiety disor-
ders, social anxiety disorder, panic disorder without agoraphobia, panic disorder with agoraphobia and agoraphobia without panic
disorder (including P values of the ANOVA post hoc subgroup tests between anxiety disorders). The control group was included as
a representation of serum CRP levels of individuals without anxiety disorders. Bars indicate the mean protein concentrations in the
different study groups and are expressed as mean± standard error of the mean (SEM).
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disorder without agoraphobia and in females with cur-
rent panic disorder with agoraphobia.

Our findings are consistent with the literature show-
ing that higher CRP levels are associated with anxiety
disorders (Pitsavos et al. 2006; Liukkonen et al. 2011;
Copeland et al. 2012; Vogelzangs et al. 2013; Wagner
et al. 2015; Tayefi et al. 2017), including generalized
anxiety disorder (Copeland et al. 2012). Contrary to the
findings of Copeland et al. we found that the signifi-
cant association between CRP and generalized anxiety
disorder was not attenuated by health-related varia-
bles but rather major depression and psychological
stress, which were not included in the study of
Copeland et al. (2012). The confounding effect of
depression and psychological distress can be explained
by the high comorbidity between depression with in
particular generalized anxiety disorder (Bruce et al.
2001; Kessler et al. 2008, 1996) and its association with
stressful life events (Moreno-Peral et al. 2014). Addition
of psychological stress and depression as covariates
may create an over-adjustment and thus an underesti-
mation of the association between CRP and anxiety
disorders in this study. However, the stepwise regres-
sion analyses illustrate that the correction for these
variables did not materially change the associations
between CRP and anxiety disorders.

No significant association between CRP and social
anxiety disorder was observed in this study, which is
in agreement with findings of Vogelzangs et al. (2013)
showing that CRP levels were lowest among persons
with social anxiety disorder in relation to anxiety disor-
ders. The association between panic disorder without
agoraphobia and CRP was no longer significant after
adjusting for demographics, lifestyle factors, and co-
existing depression, stress and anti-depressant medica-
tion. The loss of significance might be due to lifestyle
factors such as smoking and sedentary behaviour fre-
quently found in panic disorder (Broocks et al. 1997;
Moreno-Peral et al. 2014) and high comorbidity of
depression (Hirschfeld 2001) and stressful events
(Klauke et al. 2010).

This is the first study to demonstrate the association
between CRP and panic disorder with agoraphobia.
Higher CRP levels were significantly associated with
panic disorder with agoraphobia, which remained
independent of all variables. To control whether this
finding might be attributed to co-existing anxiety dis-
orders, we further examined the associations between
CRP levels with the presence of any anxiety disorders
or number of comorbid anxiety disorders, which lost
significant after controlling for all variables. Higher CRP
levels were associated with agoraphobia but signifi-
cance was lost after accounting for all variables. This is

in accordance with the study by Wagner et al. (2015)
showing that individuals with diagnosis of lifetime
agoraphobia had higher CRP levels at follow-up
(5.5 ± 0.4 years) in a random population sample of
2,890 persons with 124 individuals.

CRP levels were significantly elevated in panic dis-
order with agoraphobia compared to other anxiety
disorders, which remained significant after adjustments
for all variables, including depression and psycho-
logical stressors. Panic disorder with agoraphobia may
be characterized by an exaggerated inflammatory sta-
tus. It is intriguing why CRP levels were significantly
higher in panic disorder with agoraphobia compared
to panic disorder alone. This observation might be
explained by the premise that the presence of agora-
phobia increases the severity of panic disorder
(Starcevic et al. 1993). Our data suggest that higher
serum CRP levels in panic disorder with agoraphobia
are not attributed to the presence of comorbid anxiety
disorders or number of co-existing anxiety disorders. A
recent study determined an abundance of up to 250
serum analytes in 120 people with panic disorder, with
or without agoraphobia (Gottschalk et al. 2016).
Increased CRP concentrations was identified as one of
the 13 analytes that significantly differed in panic dis-
order without agoraphobia compared to panic dis-
order with agoraphobia (Gottschalk, Cooper, Chan,
Bot, Penninx and Bahn 2016). These data further
strengthen our results showing that higher levels of
CRP is present in people with panic disorder with
agoraphobia as compared to other anxiety disorders.
The small effect size (b¼ 0.01) of the association
between CRP and panic disorder with agoraphobia
should be considered for interpretation of the data of
this study and implications for future research. CRP
used in this study is a general measure for inflamma-
tion. In this context, the findings of this study poten-
tially indicate the involvement of specific
(neuro)immune mechanisms that are involved in the
pathophysiology of panic disorder with agoraphobia.

This study has some limitations that should be con-
sidered when interpreting the data. It is important to
note that the percentages for depressive and anxiety
disorders in the LifeLines study are lower than that
previously reported for the general population (de
Graaf et al. 2012). This might be explained by the fact
that we used current diagnoses (past 2 weeks) for anx-
iety and depression, whereas earlier reports used past
year diagnoses. PTSD, specific phobia and childhood
trauma were not included and may affect the out-
comes reported in this study. Further, the presence
of general medical conditions, as co-morbidities diag-
nosis, has been established based on answers of a
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self-administered questionnaire, which is less accurate
than data based on medical records. Serum CRP levels
were used as marker for inflammation. Additional pro-
and anti-inflammatory cytokines can provide an
improved understanding of immune status and spe-
cific immune mechanisms involved in anxiety disor-
ders. A final, but important limitation is that the study
has a cross-sectional design, limiting the conclusions
on prospective relations between inflammation and
anxiety disorders. Significant strengths of this study
are; the population design, the large number of partic-
ipants (the largest study published to date), the use of
a clinical interview for the assessment of psychiatric
diagnosis and the large number of covariates that is
included.

In conclusion, in a population cohort of 54,326 peo-
ple we found significant associations between higher
serum CRP levels and anxiety disorders, except for
social anxiety disorder. This association was most
robust in panic disorder with agoraphobia, where it
was independent of all variables that could explain its
association. Indeed, our data suggest that panic dis-
order with agoraphobia is characterized by an exag-
gerated inflammatory status, in comparison to other
anxiety disorders. The findings that panic disorder with
or without agoraphobia and agoraphobia without
panic disorder were associated with increased CRP,
independent of depression and psychological stressors,
suggests that these conditions possess a differential
neuroinflammatory profile. The data from this study
provides further insights in the differential immune
regulation in anxiety disorders.
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