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A B S T R A C T

Peripheral inflammation has been found associated with psychiatric disorders. However, results are inconclusive
as to its role in common mental disorders (CMDs), i.e., depression, anxiety, insomnia and stress-related disorders.
Further, some research suggests that cognitive behavior therapy (CBT) could reduce inflammatory markers in
CMDs. In the present study, we measured pro-inflammatory cytokines (tumor necrosis factor alpha [TNF-α],
interleukin-6 [IL-6] and IL-8) pre- and post-treatment in two clinical trials (N ¼ 367) investigating CBT for pa-
tients with CMDs in primary care. We hypothesized that higher levels of these cytokines would be associated with
more severe psychiatric symptoms (i.e., symptoms of depression, stress and anxiety). We also hypothesized that
level of cytokines would decrease after CBT and that the reduced levels would correlate with a reduction in
symptoms. Results showed that in men, higher levels of TNF-α were associated with more severe psychiatric
symptoms. Further, age moderated the association between TNF-α, as well as IL-6, and stress, and exploratory
stratified analyses revealed significant associations in subgroups. No other significant associations between cy-
tokines and psychiatric symptoms were found. None of the cytokines were reduced following CBT, and the
marked improvements in psychiatric symptoms after treatment were not associated with changes in cytokines. In
conclusion, although inflammation might be of relevance in subgroups, it seems to be of limited importance for
clinical improvements across mild to moderate CMDs.
1. Introduction

Commonmental disorders (CMDs), i.e., depression, anxiety disorders,
insomnia, and stress-related disorders are highly prevalent (Casey, 2014;
Kessler et al., 2005; Morin and Benca, 2012) and associated with signifi-
cant suffering, reduced quality of life and impaired functioning (Ormel
et al., 2008; Saarni et al., 2007). Several lines of research have suggested
that a dysregulation of the immune system, particularly the
pro-inflammatory cytokines, play an important role in the pathogenesis of
these disorders. Indeed, pro-inflammatory cytokines can impact the brain
through vagal and humoral routes (Dantzer, 2009) to induce a so called
“sickness response”. This response is viewed as a motivational state that
promotes recovery and includes loss of appetite, sleepiness, withdrawal
from social activities and fatigue (Dantzer and Kelley, 2007). In
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experimental research, where administration of lipopolysaccharide
(endotoxin) are used to induce a transient inflammation, healthy partici-
pants display symptoms of depressed mood, loss of motivation, anxiety,
fatigue and social withdrawal (Schedlowski et al., 2014). Thus, experi-
mental induction of inflammation has been shown to produce symptoms
that are hallmarks of CMDs. Moreover, communication between the im-
mune system and the brain is bidirectional, i.e., change in stress or threat
perception also causes alterations of the immune system. The stress
response includes activation of the sympathetic nervous system and the
hypothalamic–pituitary–adrenal axis, resulting in secretion of norepi-
nephrine, epinephrine and cortisol, and the immune system expresses
receptors for, and is regulated by, these neurotransmitters and hormones
(Dhabhar, 2014). Consequently, changes in reactions to stressors and
perceived threat could lead to changes in the immune system.
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Research results vary as to whether elevated pro-inflammatory cy-
tokines are present in the CMDs. The evidence is most convincing
regarding depression where meta-analyses have found increased levels of
inflammatory markers, including elevated levels of pro-inflammatory
cytokines interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α), as
well as c-reactive protein (CRP), in depressed subjects as compared to
controls (Dowlati et al., 2010; Haapakoski et al., 2015). Most studies
have compared inflammatory markers in depressed and healthy subjects
(Raison et al., 2006), but there are also studies that have reported cor-
relations between higher inflammatory markers and more severe
depressive symptoms (see e.g., Miller et al., 2002; Thomas et al., 2005).
The source of this chronic low-grade inflammation is not clear but could
include for example psychosocial stress, physical inactivity, poor diet,
smoking, obesity, altered gut permeability, disturbed sleep, and vitamin
D deficiency (Berk et al., 2013).

Although less studied, elevated levels of inflammatory markers have
been found in obsessive-compulsive disorder (Gray and Bloch, 2012),
generalized anxiety disorder (Vieira et al., 2010), post-traumatic stress
disorder (Renna et al., 2018), sleep disturbance (Irwin, 2015), and
burnout (Grossi et al., 2003) relative to healthy controls. Importantly,
better understanding of the pathophysiology of CMDs could help in the
development of more efficacious and personalized treatment approaches.

Cognitive behavior therapy (CBT) has substantial empirical support
in the treatment of CMDs, especially regarding depression, anxiety dis-
orders and insomnia (Cuijpers et al., 2013; €Ost, 2008; Trauer et al.,
2015). Regarding stress-related symptoms, CBT produces larger effects
than other interventions for occupational stress (Bhui et al., 2012), but
the evidence base of CBT for patients with a diagnosis of adjustment
disorder or clinical burnout is uncertain (Perski et al., 2017) although
promising results are emerging (Linds€ater et al., 2018; Persson Asplund
et al., 2018). Importantly, the biological underpinnings of the symptom
improvements seen in CBT across disorders are little understood.
Reducing chronic low-grade inflammation could be one important
physiological change induced by CBT.

Only a few studies have investigated the potentially anti-
inflammatory effects of CBT for CMDs (without comorbid medical con-
ditions) and results are inconsistent between studies. For example,
among studies investigating inflammatory markers in CBT for depres-
sion, IL-6 decreased significantly between pre- and post-treatment in
three studies (Dahl et al., 2016; Gazal et al., 2013; Moreira et al., 2015),
while two studies found no such change (Euteneuer et al., 2017; Keri
et al., 2014). Further, results are ambiguous regarding whether a
reduction in inflammation is associated with improvements in depression
(Gazal et al., 2013; Keri et al., 2014; Moreira et al., 2015). So far one
study has investigated the effect of CBT on markers of inflammation in
CMDs broadly, including depression, anxiety and/or stress-related dis-
orders (Memon et al., 2017). No changes in inflammatory markers were
found after treatment, which may be related to sample size and analyzed
inflammatory markers (IL-8 and CRP).

The aim of the present study was to investigate (a) the association
between levels of pro-inflammatory cytokines and psychiatric symptom
severity in a large sample of primary care patients with CMDs, taking
potential moderators into account, (b) change in pro-inflammatory cy-
tokines and psychiatric symptoms, respectively, following CBT for CMDs,
and (c) if changes in symptoms correlate with changes in inflammation.
We hypothesized that:

(1) Higher levels of pro-inflammatory cytokines (TNF-α, IL-6 and IL-
8) would be associated with more severe psychiatric symptoms
(i.e., level of depression, stress and anxiety).

(2) Pro-inflammatory cytokines and psychiatric symptoms would be
reduced after CBT.

(3) Reduced psychiatric symptoms would correlate with lowered
levels of pro-inflammatory cytokines.
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2. Methods

2.1. Design

The study sample originated from two clinical trials of CBT for CMDs
(Salomonsson et al., 2017, 2018). The trials were preregistered at
ClinicalTrials.gov (identifiers NCT01636791 and NCT01667822). Par-
ticipants were recruited consecutively from four primary care clinics in
Stockholm, Sweden. In clinical trial 1 (Salomonsson et al., 2017), pa-
tients (n ¼ 211) on sick leave were randomized to one of three condi-
tions: (a) disorder-specific CBT, (b) a return-to-work intervention that
included CBT-based psychoeducation or (c) a combination of the two.
Depending on principal disorder and treatment allocation, treatment
lasted for between 8 and 25 weeks. Clinical trial 2 (Salomonsson et al.,
2018) was a two-phased trial. All patients (n ¼ 396) were, in phase one,
treated with guided self-help CBT according to their principal disorder
for nine weeks. Patients not in remission after phase one were random-
ized to continued self-help CBT or face-to-face CBT in phase two for an
additional 11 weeks. Consequently, patients in both clinical trials,
regardless of treatment allocation, received CBT in some form. All types
of CBT (hereafter referred to as CBT) were associated with marked re-
ductions of psychiatric symptoms and between-group effects were
generally small, which further justified that patients were analyzed as a
single group (Salomonsson et al., 2017, 2018). The clinical trials,
including blood sampling for cytokine analysis, were approved by the
Regional Ethics Review Board in Stockholm, Sweden, and all patients
provided informed consent.

2.2. Procedure

Patients were assessed with the Mini International Neuropsychiatric
Interview (MINI) (Sheehan et al., 1998) with additional questions to
assess criteria for exhaustion disorder (ICD-code 43.8; The Swedish Na-
tional Board of Health and Welfare, 2003). Exhaustion disorder is by
many considered to be a diagnostic equivalent to clinical burnout (Grossi
et al., 2015), a stress-related condition with severe symptoms of physical
and mental exhaustion developed as a consequence of prolonged expo-
sure to non-traumatic stressors (for diagnostic criteria, see e.g., Beser
et al., 2014). In clinical trial 1, patients were required to fulfill diagnostic
criteria for their primary CMD to be considered for inclusion (see Salo-
monsson et al., 2017 for details). In clinical trial 2, subclinical CMDs were
also allowed, i.e., patients presenting with marked symptoms but not
fulfilling all criteria for a diagnosis, were also included (see Salomonsson
et al., 2018 for details). Treatment took place at the respective primary
care clinics. Licensed psychologists conducted both assessment and
treatment. All participants in clinical trial 1 or 2 that provided a
pre-treatment blood sample, and were not suffering from an infection at
the time, were included in the present study. Fig. 1 displays the flow of
patients through the study. Because the blood sampling procedures were
established after inclusion to the clinical trials had commenced, the first
129 included patients were not asked for participation in this study.

2.3. Patients

The study population (N ¼ 367) is described in Table 1. A vast ma-
jority of patients fulfilled full diagnostic criteria for their primary CMD
(94%). Further, a majority of patients (55%) fulfilled criteria for more
than one CMD. The most prevalent disorder in the sample, counting both
principal and comorbid disorders, was depression (n ¼ 131).

2.4. Measures

2.4.1. Blood sampling and cytokine analyses
A psychologist accompanied patients to the laboratory in connection

to pre- and post-treatment assessments. The psychologist made sure that
patients were well rested before the venipuncture (e.g., slowly walked

http://ClinicalTrials.gov


Fig. 1. Flow chart of participants in the study.

Table 1
Sample characteristics at baseline.

Variable Patients (n ¼ 367)

Women, n (%) 281 (76.6%)
Age
Mean (SD) 39.7 (10.8)
Range 18–64

Principal disorder/problem area
Exhaustion disorder, n (%) 108 (29.4%)
Adjustment disorder, n (%) 66 (18.0%)
Depression, n (%) 59 (16.1%)
Generalized anxiety disorder, n (%) 49 (13.4%)
Social anxiety disorder, n (%) 39 (10.6%)
Insomnia, n (%) 18 (4.9%)
Panic disorder, with or without agoraphobia, n (%) 18 (4.9%)
Post-traumatic stress syndrome, n (%) 5 (1.4%)
Obsessive-compulsive disorder, n (%) 5 (1.4%)

Fulfilling full criteria for the principal disorder 344 (93.7%)
Number of patients with comorbid disorder(s) 202 (55.0%)
Education, highest finished, n (%)
Compulsory school, 9 years 22 (6.0%)
Secondary school, 2–3 years 130 (35.4%)
College/university 215 (58.6%)

Psychotropic medication at pre-treatment assessment
Number of patients on any psychotropic medication 146 (39.8%)

Antidepressantsa, n (%) 59 (16.1%)
Anxiety reducing/calminga, n (%) 43 (11.7%)
Sleep medicationa, n (%) 80 (21.8%)
Pain medicationa, n (%) 11 (3%)

Patient recruitment
Clinical trial 1 151 (41.1%)
Clinical trial 2 216 (58.9%)

a Patients can be represented in more than one category of psychotropic
medication.
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the patient to the laboratory after session). Because assessment and
treatment took place within the regular primary care context, it was not
feasible to allocate blood sampling to a pre-defined time schedule but the
time for the sample was registered. At each assessment point, 7 ml of
blood was drawn into an EDTA-tube. After centrifugation (3500 RPM, 10
min), plasma was transferred to two separate cryotubes via pipette for
initial storage in a freezer at �20 �C. After transportation from each
primary care clinic, aliquots were stored in a �80 �C freezer until assays
were performed. Plasma levels of three pro-inflammatory cytokines, i.e.,
TNF-α, IL-6 and IL-8, were analyzed. The cytokines were assessed using
manual enzyme-linked immunosorbent assays (ELISA), detection
thresholds were 0.5 pg/ml for TNF-α, 0.156 pg/ml for IL-6 and 1 pg/ml
for IL-8. The intra-assay coefficient of variability (CV) was 3.1%–8.7% for
TNF-α, 6.9%–7.8% for IL-6, and 3.7%–7.3% for IL-8. The inter-assay CV
was 7.4%–10.4% for TNF-α, 6.5%–9.6% for IL-6, and 8.0%–9.4% for IL-8.
All samples were analyzed in duplicates and the mean value was used. Six
blood samples (0.5%) at pre-treatment (3 TNF-α; 2 IL-6 and 1 IL-8) and
nine samples (0.9%) at post-treatment (7 TNF-α; 1 IL-6 and 1 IL-8) were
below the detection threshold. For these samples, the detection threshold
value for the respective cytokine was imputed.

2.4.2. Psychiatric symptoms and psychotropic medication
Self-rated measures of psychiatric symptoms were completed by pa-

tients pre- and post-treatment using an online platform. Symptoms of
depression were assessed using the Montgomery Åsberg Depression
Rating Scale Self-rated (MADRS-S; Svanborg and Åsberg, 1994).
MADRS-S measures nine depressive symptoms and the total score range
is 0–54. Symptoms of stress were assessed using the Perceived Stress
Scale (PSS; Cohen et al., 1983). The PSS consists of 14 items, summed
total score ranging from 0-56. Symptoms of anxiety were assessed using



Table 2
Observed values of plasma levels of pro-inflammatory cytokines and psychiatric
symptoms at pre- and post-treatment, and data completeness.

Measure Pre-treatment
(n¼ 367)

Post-treatment

Mean
(SD)

Median
(25%–75%)

n
(%)

Mean
(SD)

Median
(25%–75%)

TNF-α
(pg/ml)

1.4
(0.7)

1.3
(0.9–1.8)

313
(85.3)

1.5
(1.1)

1.3
(0.9–1.7)

Il-6
(pg/ml)

1.0
(0.9)

0.8
(0.6–1.2)

313
(85.3)

1.1
(1.0)

0.8
(0.6–1.3)

IL-8
(pg/ml)

4.5
(2.5)

4.2
(3.0–5.5)

312
(85.0)

4.5
(3.7)

3.9
(2.9–5.3)

MADRS-S 19.1
(7.8)

19
(14–25)

331
(90.2)

10.1
(8.2)

9
(4–14)

PSS 35.0
(8.0)

36
(31–41)

331
(90.2)

23.7
(10.2)

23
(16–31)

HADS-A 11.7
(4.1)

12
(9–14)

330
(89.9)

7.6
(4.6)

7
(4–11)

Note. There were no missing data at pre-treatment. TNF-α¼ tumor necrosis factor
alpha; IL-6 ¼ interleukin-6; IL-8 ¼ interleukin-8; MADRS-S ¼ Montgomery
Åsberg Depression Rating Scale Self-rated; PSS¼ Perceived Stress Scale; HADS-A
¼ Hospital Anxiety and Depression Scale, Anxiety subscale.
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the Hospital Anxiety and Depression Scale (HADS; Zigmond and Snaith,
1983), Anxiety subscale (HADS-A). This subscale consists of 7 items with
a total score ranging from 0-21. Use of psychotropic medication and
changes during treatment were inquired by the assessing psychologists
pre- and post-treatment.

2.5. Statistical analyses

We analyzed data using Stata (Version 13.1, StataCorp, College Sta-
tion, Texas). In all analyses (linear regressions, mixed effects models and
Spearman rank correlations) bootstrapping was applied because the
cytokine values were not normally distributed. Bias corrected confidence
intervals were calculated for all analyses.

For the baseline association between cytokines and psychiatric
symptoms (hypothesis 1) we used linear regression analyses with boot-
strapping. Cytokines were analyzed as independent variables and psy-
chiatric symptoms as dependent variables. We analyzed five variables
(sex, age, psychotropic medication, education and time of day for blood
sampling) as both confounders and moderators. Age was centered to
allow useful interpretations of coefficients. Use of psychotropic medica-
tion was dichotomized, i.e., taking or not taking any kind of psychotropic
medication. Confounders were included in the model if they changed the
regression coefficient with more than 10% from the crude estimate.
Moderators were kept in the model if they generated a significant
interaction term with the explanatory variable (i.e., cytokines). To
investigate associations in subgroups, we conducted stratified analyses.
For age, exploratory stratified analyses were conducted by dividing pa-
tients in two samples around the mean age of 39.7 years.

For analyses of change over time (hypothesis 2) we usedmixed effects
regression models with bootstrapping (implemented on the individual
level). Time (pre- and post-treatment) was the independent variable and
cytokine levels as well as psychiatric symptoms were the dependent
variables. Random intercept was included in all models. We tested sex
and age as moderators in all analyses. In addition, we analyzed time for
blood sampling as a potential confounder in analyses of change over time
in cytokines (same 10% decision criteria for inclusion as described
above). All models were analyzed using restricted maximum likelihood
(REML), meaning that all available data were used for parameter esti-
mates (Enders, 2011). Thus, patients with missing data at post-treatment
also contributed to models. Further, data were analyzed based on the
intention-to-treat principle, that is, patients were included in analyses
irrespective of whether they had completed treatment or not.

Finally, we used Spearman rank correlation coefficients with boot-
strapping for analyzing the association between change in cytokines (delta
cytokine, i.e., cytokine pre minus cytokine post) and change in psychiatric
symptoms (delta symptoms, i.e., symptom pre minus symptom post) (hy-
pothesis 3). Patients that contributed with pre- and posttreatment data on
both cytokines and psychiatric symptoms were included in these analyses.

3. Results

There was no difference in average time of day for blood samples
between pre (M¼ 12:06) and post (M¼ 12:09) measures, t ¼ �0.251; df
¼ 291; p ¼ .802. Of the 337 patients that provided information on psy-
chotropic medication at both pre- and post-treatment, 28 (8.3%) had
initiated or increased medication and 37 (11.0%) terminated or
decreased their medication. Observed values for the cytokines (i.e., TNF-
α, IL-6 and IL-8), psychiatric symptoms (i.e., MADRS-S, PSS and HADS-
A), as well as data completeness (i.e., percentage of each measure
completed by patients at post-treatment) are shown in Table 2.

3.1. Associations between cytokines and psychiatric symptom severity at
baseline

Associations between cytokines and psychiatric symptom severity are
displayed in Table 3. As sex and/or age were included as moderators in
4

some of the models, the regression coefficients in Table 3 are interpreted
as follows: “b sex” represents the interaction effect of sex and cytokines
on psychiatric symptoms and “b age” represents the interaction effect of
age and cytokines on psychiatric symptoms. Thus, for models including
these moderators, the “b” represents the regression coefficient for men
and for average aged patients, respectively (as woman was coded as 1
and age was centered). Correspondingly, for models not including
moderators, the “b” represents the association between cytokines and
symptoms in the overall sample. As displayed in Table 3, sex was a sig-
nificant moderator for the associations between TNF-α and all symptom
measures. Further, agemoderated the association between TNF-α, as well
as IL-6, and stress symptoms.

There was a significant association between higher levels of TNF-α
and higher ratings on all measures of psychiatric symptoms in men. For
example, an increase of 1 pg/ml in TNF-α predicts an increase of almost 4
points on the measure of depression (i.e., MADRS-S) for men. The com-
bination of the regression coefficient (“b”) and the interaction term for
sex (“b sex”) apply for the relationship between TNF-a and psychiatric
symptoms in women. The associations between TNF-α and psychiatric
symptoms in women were non-significant: depression (b ¼ �0.34; 95%
CI [-1.65, 1.15]), stress (b¼ 0.78; 95% CI [-0.50, 2.04]) and anxiety (b¼
0.10; 95% CI [-0.51, 0.79]). However, the regression model for the as-
sociation between TNF-α and stress also included age as a significant
moderator. As this model contained two moderators, follow-up stratified
analyses were performed in men and women separately. Results showed
that for men, higher levels of TNF-α were significantly associated with
higher stress levels (b ¼ 4.30; 95% CI [1.66, 7.38]) and age did not
significantly moderate this association (b age ¼ 0.01; 95% CI [-0.24,
0.28]). For women, there was no significant overall association between
TNF-α and stress level (b ¼ 0.89; 95% CI [-0.37, 2.25]). However, as age
was a significant moderator for this association in women (b age ¼
�0.11; 95% CI [�0.22,�0.02]), we conducted further stratified analyses
by dividing patients in two samples around the mean age of 39.7 years.
Results showed that higher levels of TNF-α were significantly associated
with higher stress levels in younger women (b ¼ 2.86; 95% CI [0.95,
4.62]) but with lower stress levels in older women (b ¼ �1.44; 95% CI
[-2.97, �0.20]).

Associations between IL-6 and severity of depression as well as anx-
iety were non-significant. The regression model for the association be-
tween IL-6 and stress included age as a significant moderator. The
negative coefficient indicates a decreased association between IL-6 and
stress with older age (i.e., an increased association with younger age). We
conducted follow-up stratified analyses of patients divided in two



Table 3
Regression coefficients (b) and bootstrapped based 95% confidence intervals (CI) for the associations between cytokines and psychiatric symptoms (with respective
confounders and moderators included for each association), n ¼ 363 in all models.

MADRS-Sa PSSb HADS-Ac

b [95% CI] b sex [95% CI] b [95% CI] b sex [95% CI] b age [95% CI] b [95% CI] b sex [95% CI]

TNF-α 3.88 [1.52, 6.29] �4.22 [-7.01, -1.39] 4.15 [1.62, 6.74] �3.36 [-6.06, -0.36] �0.09 [-0.18, -0.01] 2.03 [0.49, 3.37] �1.93 [-3.35, -0.18]
IL-6 0.01 [-1.08,1.09] – 0.52 [-0.40, 1.9] – �0.08 [-0.21, -0.01] 0.17 [-0.40, 0.70] –

IL-8 �0.01 [-0.32, 0.29] – �0.02 [-0.28, 0.30] – – 0.03 [-0.12, 0.23] –

Note. Bootstrapping with 2000 iterations and bias corrected confidence intervals (CI) were used. Significant CIs are in bold for clarity. MADRS-S ¼Montgomery Åsberg
Depression Rating Scale Self-rated; PSS ¼ Perceived Stress Scale; HADS-A ¼ Hospital Anxiety and Depression Scale, Anxiety subscale; b sex ¼ interaction term for sex
(woman¼ 1) and cytokine; b age¼ interaction term for age (centered values) and cytokine; TNF-α¼ tumor necrosis factor alpha; IL-6¼ interleukin 6; IL-8¼ interleukin
8.

a MADRS-S/TNF-α relation adjusted for age, psychotropic medication and time of day for blood sampling; MADRS-S/IL-6 and MADRS-S/IL-8 relations adjusted for
age, psychotropic medication, education and time for blood sampling.

b PSS/TNF-α relation adjusted for education and time for blood sampling; PSS/IL-6 relation adjusted for age, education and time of day for blood sampling; PSS/IL-8
relation adjusted for sex, age and time of day for blood sampling.

c HADS-A/TNF-α relation adjusted for age, psychotropic medication and time of day for blood sampling; HADS-A/IL-6 relation adjusted for age and education; HADS-
A/IL-8 relation adjusted for sex, age, psychotropic medication, education and time of day for blood sampling.
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samples around the mean age of 39.7 years. There was a significant as-
sociation between higher levels of IL-6 and more symptoms of stress,
irrespective of sex, in younger patients (b ¼ 1.53; 95% CI [0.37, 3.96]),
but the association was non-significant in older patients (b¼�0.49; 95%
CI [-1.63, 0.98]). Regarding IL-8, we found no significant associations
with psychiatric symptoms (see Table 3).

3.2. Change over time in cytokine levels and psychiatric symptoms

The main effects of time, i.e., the change in cytokine levels and psy-
chiatric symptoms between baseline and post-treatment, are displayed in
Table 4. Sex and age did not moderate the association between time and
any outcomes (cytokines or psychiatric symptoms). Cytokine levels did
not change from pre-to post-treatment but there were significant im-
provements in all symptom measures.

3.3. Association between change in inflammation and change in symptoms

There were no significant associations between change in cytokine
levels (delta-cytokine) and change in psychiatric symptoms (delta-
symptom), see Table 5. Due to the consistent correlations between higher
levels of TNF-α and symptom severity at baseline in men, we conducted
further exploratory analyses of the association between change in TNF-α
and change in symptoms (depression, stress and anxiety) in men only.
These exploratory analyses were non-significant (not shown).

4. Discussion

In this sample of primary care patients with CMDs, we found partial
Table 4
Mixed effects analyses for change in cytokine levels and psychiatric symptoms
over time. Intercepts represent modeled baseline values and b-coefficients
represent average change between baseline and post with 95% confidence in-
tervals (CI), n ¼ 367 in all models.

Measure Intercept b SE 95% CI

TNF-αa 1.66 0.04 0.06 [-0.05, 0.22]
IL-6 1.04 0.10 0.05 [-0.00, 0.20]
IL-8a 3.37 �0.07 0.13 [-0.28, 0.26]
MADRS-S 19.13 �9.10 0.45 [-9.96, -8.21]
PSS 34.99 �11.22 0.55 [-12.34, -10.18]
HADS-A 11.71 �4.14 0.22 [-4.57, -3.71]

Note. Bootstrapping with 2000 iterations and bias corrected confidence intervals
(CI) were used. Significant CIs are in bold for clarity. TNF-α ¼ tumor necrosis
factor alpha; IL-6¼ interleukin-6; IL-8¼ interleukin-8; MADRS-S ¼Montgomery
Åsberg Depression Rating Scale Self-rated; PSS ¼ Perceived Stress Scale; HADS-A
¼ Hospital Anxiety and Depression Scale, Anxiety subscale.

a Adjusted for time of day for blood sampling.
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support for hypothesis 1 as higher levels of circulating TNF-α were
related to psychiatric symptom severity (i.e., depression, stress and
anxiety) in men. Further, age moderated the association between TNF-α,
as well as IL-6, and stress. Exploratory stratified analyses revealed that
higher levels of TNF-α were associated with higher stress levels in
younger women, higher levels of TNF-αwere associated with lower stress
levels in older women, and higher levels of IL-6 were associated with
higher stress levels in younger patients (irrespective of sex). No other
significant associations between cytokines and psychiatric symptoms
were observed. Contrary to hypotheses 2 and 3, pro-inflammatory cyto-
kines were not reduced after CBT and the substantial reductions in psy-
chiatric symptoms after treatment were not associated with reductions in
cytokines.

The lack of consistent associations between inflammatory markers
and CMD symptom severity might be understood partly by research
findings on depression specifically. Recent reviews (Felger and Lotrich,
2013; Raison and Miller, 2011) suggest that there seems to be a subtype
of depression that includes elevated pro-inflammatory cytokines, i.e., not
all depressions are associated with this elevation. Support for this notion
can be found in studies showing that increased inflammation charac-
terizes a subgroup of depressed patients that do not respond to conven-
tional anti-depressants (Pariante, 2017). Also, some data suggest that in
treatment resistant depression, anti-inflammatory medication (with a
TNF-α antagonist) may be effective in reducing depressive symptoms in
patients with high baseline inflammation (Raison et al., 2013).

Some evidence point to sex differences in immune responses (see e.g.,
Fish, 2008). However, results are ambiguous regarding whether men and
women display different pro-inflammatory responses to stress or differ in
emotional responses to peripheral inflammation (Bekhbat and Neigh,
2017; Lasselin et al., 2018). In the present study, TNF-α was found
associated with all measures of psychiatric symptoms in men, which is in
line with some studies showing that inflammatory markers are more
consistently linked to anxiety (Liukkonen et al., 2011) and depression
(Ramsey et al., 2016) in men compared to women.

We also found age to moderate the association between both TNF-α
and IL-6, and symptoms of stress. However, results of stratified follow-up
analyses were sprawling: although younger age was found related with
stronger positive associations between inflammatory markers and stress
levels, a negative association was found in older women. It is possible
that the present findings could be explained by differences between
younger and older patients in unmeasured confounders, such as diet,
smoking and exercise. It should also be noted that the exploratory ana-
lyses were based on an arbitrary mean age split.

The results in the present study do not suggest that CBT has anti-
inflammatory effects in mild to moderate CMDs. These findings are in
line with Memon et al. (2017), who also investigated CMDs in primary
care and did not find any reductions in inflammatory markers (IL-8 and



Table 5
Association between change (pre to post) in cytokines and psychiatric symptoms using Spearman’s rank correlation test with 95% confidence intervals (CI).

ΔMADRS-S ΔPSS ΔHADS-A

n Rho 95% CI n Rho 95% CI n Rho 95% CI

ΔTNF-α 301 �0.06 [-0.17, 0.06] 301 �0.05 [-0.17, 0.06] 300 �0.07 [-0.18, 004]
ΔIL-6 301 0.00 [-0.11, 0.13] 301 �0.01 [-0.13, 0.10] 300 �0.06 [-0.18, 0.04]
ΔIL-8 300 0.02 [-0.10, 0.12] 300 0.04 [-0.07, 0.15] 299 0.01 [-0.11, 0.12]

Note. Bootstrapping with 2000 iterations and bias corrected confidence intervals (CI) were used. MADRS-S ¼ Montgomery Åsberg Depression Rating Scale Self-rated;
PSS ¼ Perceived Stress Scale; HADS-A ¼ Hospital Anxiety and Depression Scale, Anxiety subscale; TNF-α ¼ tumor necrosis factor alpha; IL-6 ¼ interleukin-6; IL-8 ¼
interleukin-8.
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CRP) after treatment. Previous research shows inconsistent results
regarding the effects of CBT on immune markers. In a review by Lopresti
(2017), 23 studies were identified as investigating the anti-inflammatory
effects of CBT for depression and other conditions. Reductions in at least
one inflammatory marker after treatment were found in 14 studies, while
nine of the included studies found no reductions post-treatment. For
example, Keri et al. (2014) investigated 16 sessions of CBT for patients
with major depression. At baseline, depressed patients exhibited signif-
icantly higher levels of IL-6 than healthy controls, but levels were not
significantly reduced in the depressed patients after CBT, in spite of re-
ductions in depressed mood (Keri et al., 2014). In another study of CBT
for depression, patients were randomized to either traditional CBT, CBT
emphasizing exercise (due to the anti-inflammatory effects of physical
activity), or waiting list (Euteneuer et al., 2017). No significant difference
between groups was found regarding reductions in IL-6 over the treat-
ment period. However, anti-inflammatory cytokine IL-10 was signifi-
cantly higher in the CBT exercise group than in the other groups
post-treatment.

Given the lack of change in cytokine levels after treatment it was not
surprising that we found no association between change in symptoms and
change in cytokine levels. A meta-analysis of pharmacological treatment
for depressed patients (Hannestad et al., 2011) concluded that antide-
pressants, specifically serotonin reuptake inhibitors (SSRIs), may lower
inflammatory markers (TNF-α, IL-6 and IL-1β), but that remission of
depression is not dependent on a reduction in pro-inflammatory cyto-
kines. Further, the lack of a clear association between inflammation and
symptoms across the study group at baseline in the present study makes
the absence of linked reductions over time somewhat expected.

To our knowledge, this is one of the first studies to investigate pro-
inflammatory cytokines in CBT for a broad sample of patients with
CMDs. There are several strengths to this study, including the to date
largest sample size, the inclusion of common mental disorders broadly,
the well-validated measures of psychiatric symptoms and the analytic
approach using bootstrapping and bias corrected confidence intervals.

There are also several limitations. First, patients in this study were
assessed and treated according to the standard scheduling of sessions in
the primary care units, i.e., approximately between 08.00 a.m. and 17.00
p.m., and therefore blood sampling took place throughout the working
day. Circadian variations in the immune system (Nilsonne et al., 2016;
Scheiermann et al., 2013) may have introduced systematic bias in our
results. Indeed, time of blood sampling was found a confounder in most
analyses, and the statistical adjustments may not be sufficient to elimi-
nate this possible bias. Second, the lack of an untreated control condition
in this study precludes comparisons with the natural course of inflam-
matory markers in patients with CMDs. However, consecutive recruit-
ment and treatment of patients throughout the year at least limited the
impact of potential seasonal effects on cytokines. Third, the present
sample consisted of patients with mild to moderate psychiatric symp-
toms, as compared to some of the previous studies including patients
with more severe symptoms, which might have affected both baseline
levels of cytokines and the potential for change over time (e.g., due to
floor effects). Fourth, psychotropic medication can have an effect on
pro-inflammatory cytokines (Hannestad et al., 2011). To handle this
possible bias in the baseline analyses, we adjusted regression models
6

when called for. Concerning changes in medication during treatment
(reported by patients at post-treatment assessment), less than 9% of pa-
tients initiated or increased medication, while 11% terminated or
reduced their medication use. However, more detailed information
regarding the actual use throughout treatment would have been prefer-
able. Lastly, potentially important confounders (e.g., body mass index,
diet, smoking, alcohol use and exercise) were not measured in the present
study, which could have affected the results.
4.1. Future studies

If inflammation only contributes to psychiatric symptoms in a sub-
group of patients (Raison and Miller, 2011), then it would be reasonable
to compare CBT to a control condition regarding the association between
decreased inflammation and symptom reduction only in patients with
elevated inflammatory activity at baseline. To complete the overall pic-
ture, measurement of anti-inflammatory cytokines should also be
included in future investigations.

5. Conclusions

Elevated inflammatory markers might be of relevance for psychiatric
symptom severity in subgroups, but our results do not support an overall
association across patients with mild to moderate CMDs. Moreover, if
there are anti-inflammatory effects of psychological treatment, these ef-
fects are likely small and of limited importance for clinical improvement
in this patient group.
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