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Abstract
Objectives Identification of biological markers that can guide treatment selection is considered to be a viable solution for
personalized treatment for patients with psychiatric disorders. This study investigated whether macrophage migration inhibitory
factor (MIF) levels at baseline were associated with mindfulness-based group therapy or cognitive behavioral therapy response in
patients with mild to moderate symptoms of depression, anxiety, or stress- and adjustment disorders.
Methods A total of 168 patients (aged 21–65 years) with psychiatric disorders were included from a randomized controlled trial.
Plasma MIF levels in all the patients were analyzed using Luminex assay.
Results Higher MIF levels at baseline were significantly associated with better long-term (1-year follow-up) improvement in
psychiatric symptoms, as measured by changes in the Montgomery-Åsberg Depression Rating Scale (MADRS-S), compared with
lower MIF levels, after adjustment for baseline MADRS-S score, age, sex, BMI, and pharmacotherapy (β = 5.89, p = 0.001).
Patients with higher levels of MIF (8235–23,391 pg/ml) had an almost 6 points’ larger decrease in MADRS-S score after 1 year
compared with those with lower MIF (727–8223 pg/ml) at baseline. Similar trends were seen after 8 weeks, albeit non-significant
(β = 1.99, p = 0.18).
Conclusions The findings indicate that higher plasma MIF levels at baseline may predict better long-term outcomes with
psychotherapeutic interventions for mild to moderate symptoms of depression, anxiety, or stress and adjustment disorders.
MIF levels may serve as a potential biomarker that can guide treatment selection for the personalized treatment for patients with
psychiatric disorders.

Keywords Macrophage migration inhibitory factor . Depression . Anxiety . Mindfulness-based therapy . Cognitive behavioral
therapy

The ultimate goal concerning the treatment of patients
with psychiatric disorders should be to achieve full remis-
sion. However, in clinical studies, only about one-third of
patients achieve remission after the initial stage of treat-
ment (Toups et al. 2011; Tranter et al. 2002). Precision, or
personalized medicine, is one of the strategic plans of the
National Institute of Mental Health that aims to improve
treatment outcomes regarding mental health (Insel et al.
2010). Improved prediction of treatment response could
have many benefits for patients and reduce health care
costs; this is a key goal of the precision medicine move-
ment (Auffray and Hood 2012; McMahon 2014; Wallace
et al. 2013). It is still a big challenge to select specific
antidepressant treatments or non-pharmacological treat-
ments, such as psychological interventions for a given
patient. Therefore, identification of biological markers
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that can guide treatment selection is considered to be a
viable solution for the personalized treatment of patients
with psychiatric disorders.

Psychological interventions, such as mindfulness-based
group therapy (MBGT) or cognitive behavioral therapy
(CBT), are effective ways for improving the effects of psycho-
logical symptoms and reducing proinflammatory processes
(Black and Slavich 2016; Irwin et al. 2015; Khoury et al.
2013; Memon et al. 2017; Sundquist et al. 2015). Sundquist
et al. (2015) found that an 8-week mindfulness-based group
therapy or treatment as usual (TAU) (mainly CBT) had clini-
cally meaningful effects on patients with depression and anxi-
ety, and this effect persisted even at the 1-year follow-up
(Sundquist et al. 2019). The interventions have also demonstrat-
ed a concomitant reduction in inflammatory cytokine concen-
trations after 8 weeks of treatment and depressive symptoms
after 8 weeks of treatment and 1-year follow-up. However, not
all patients benefitted from the treatment (Sundquist et al. 2015;
Sundquist et al. 2019). Therefore, it is important to identify
biomarkers that can predict response for more tailored therapy.
The baseline levels of C-reactive protein (CRP) and other cir-
culating inflammatory markers, i.e., cytokines, have been pro-
posed to serve as potential biomarkers for predicting the re-
sponse of antidepressants in patients with depressive disorders
(Cattaneo et al. 2016; Howren et al. 2009). However, informa-
tion on biomarkers to predict response to psychotherapeutic
interventions in patients with depression or anxiety is scarce.
In a recent report, Memon et al. (2017) assessed both CRP and
the cytokine IL-8 as potential predictive biomarkers for MBGT
or TAU, but none was predictive; this suggests that other bio-
markers should be explored.

Macrophage migration inhibitory factor (MIF) is one of the
first cytokine-like proteins that was discovered more than
50 years ago (Bloom and Bennett 1966; David 1966). MIF
was named for its ability to recruit macrophages, which have
an important role in the immune system, to sites of inflamma-
tion and prevent random migration of macrophages. MIF can
be released from almost all white blood cells and expressed in
the brain tissue as well. Furthermore, MIF has been involved
in many biological processes and acts as a central regulator of
inflammatory responses (Bernhagen et al. 2007; Calandra and
Roger 2003; Mitchell et al. 1999; Savaskan et al. 2012).
Several disease conditions, such as cardiovascular disease
(Zernecke et al. 2008) and diabetes (Toso et al. 2008), have
also been associated with MIF. Circulating MIF is increased
during episodes of inflammation, infection, and stress
(Beishuizen et al. 2001; Calandra and Roger 2003).

Dysregulation of the immune system is associated with the
pathophysiology of certain psychiatric disorders, such as de-
pression (Irwin and Miller 2007). The role of MIF in the
pathobiology of depression has been investigated in various
ways (Bloom and Al-Abed 2014). Animal studies have shown
that MIF is expressed in the brain especially in the areas

concerning behavioral symptoms of depression and anxiety
(Conboy et al. 2011). Genetic deletion of MIF has resulted
in increased anxiety- and depression-like behaviors and the
role of MIF in mediating the antidepressant function of exer-
cise has been found (Conboy et al. 2011; Moon et al. 2012).
Previous studies have shown that blood MIF levels are in-
creased in subjects with mild to moderate depression, major
depression, and other mood disorders (Baugh and Donnelly
2003; Bloom and Al-Abed 2014; Hawkley et al. 2007; Musil
et al. 2011). Other studies have also shown that treatment with
antidepressant or psychotherapeutic interventions in patients
with psychiatric disorders can reduce the blood levels of MIF
(Cattaneo et al. 2013; Wang et al. 2018b). Rethorst et al.
(2013) reported that higher baseline levels of TNF-α, another
cytokine were associated with a more rapid drop in depressive
symptoms over the course of the 12-week exercise
intervention.

The present study is one in an ongoing series reporting data
from a single cohort of participants (Memon et al. 2017;
Sundquist et al. 2015; Wang et al. 2015, 2018b). One of the
general goals was to identify a biomarker that could help cli-
nicians to select patients most likely to respond to psychother-
apy. In the present study, the aim was to investigate the asso-
ciation between baseline MIF and MBGT/TAU response in
patients with mild to moderate symptoms of depression, anx-
iety, or stress- and adjustment disorders. The hypothesis was
that patients with different levels of MIF at baseline might
respond differently to the therapeutic interventions.

Methods

Participants

The study population was based on data from a previously
published randomized controlled trial (RCT) (ClinicalTrials.
gov: NCT01476371). A total of 168 patients with depression,
anxiety, or stress- and adjustment disorders comprised the
study population. All of the patients were recruited from the
16 primary health care centers that had participated in a RCT
of mindfulness therapy compared with TAU. A detailed de-
scription of the study design is provided in the previous article
(Sundquist et al. 2015). To summarize, patients were recruited
between 4 January 2012 and 22March 2012 at the 16 primary
health care centers in urban and rural settings in Skåne, which
is located in the southernmost part of Sweden. The inclusion
criteria were as follows: (1) age 20–64 years; (2) ability to
speak and read Swedish; and (3) a score of ≥ 10 on the
Patient Health Questionnaire (PHQ)-9 or ≥ 7 on the Hospital
Anxiety and Depression Scale (HADS) or a total score on the
Montgomery-Åsberg Depression Rating Scale (MADRS-S)
between 13 and 34 (mild to moderate depression). In addition,
all clinical diagnoses were made by doctors at the 16 primary
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health care centers, including one or more of the following
ICD-10 psychiatric diagnoses: F32.0, mild depressive epi-
sode; F32.1, moderate depressive episode; F32.9, depressive
episode, unspecified; F33.0, recurrent depressive disorder,
current episode mild; F33.1, recurrent depressive disorder,
current episode moderate; F41.0, panic disorder; F41.1, gen-
eralized anxiety disorder; F41.2, mixed anxiety and depres-
sive disorder; F41.3, other mixed anxiety disorders; F41.8,
other specified anxiety disorders; F41.9, anxiety disorder, un-
specified; F43.2, adjustment disorders; F43.8, other reactions
to severe stress; and F43.9, reaction to severe stress, unspec-
ified. The rationale for using multiple scales to assess symp-
toms of depression and anxiety was that different scales are
used in clinical practice worldwide (Sundquist et al. 2015).
Eligible patients had a clinical diagnosis according to the
International Classification of Diseases (ICD)-10 criteria. All
clinical diagnoses were made by doctors at the 16 participat-
ing primary health care centers in Sweden. The exclusion
criteria were as follows: severe personality disorder (these
patients should not be treated in primary health care), risk of
suicide, pregnancy, thyroid disease, current psychotherapy of
any kind, and participation in any other psychiatric interven-
tion study. The characteristics of the study population are
summarized in Table 1. The mean age in the whole group
(n = 168) was 41.9 years (SD = 11) and most of the partici-
pants were women (87%). The mean body mass index (BMI)
was 27.0. The median MADRS-S score at baseline was 20;
this score indicates mild to moderate symptoms of depression
and/or anxiety.

Procedures

Each participant was randomly allocated to either the MBGT
or TAU group, and they were not allowed to change from their
assigned group during the follow-up. The mindfulness treat-
ment was provided by certified mindfulness instructors. In
each primary health care centers, two mindfulness instructors
were present at each group session. A maximum of ten par-
ticipants were in each group. All the mindfulness instructors
received the training program at our department (Center for
PrimaryHealth Care Research,Malmö, Sweden). The training
was given for 6 days and all sessions were led by two experts
in mindfulness education and therapy (Sundquist et al. 2015).
A key part of the training is the instructors’ own mindfulness
training. The future instructors were trained in how to guide
individuals and groups in mindfulness training so that the
individual may develop a greater awareness of thoughts, feel-
ings, and bodily sensations and thus be able to cope better with
stress and difficulties in everyday life. All the instructors in the
6-day course completed the program, passed the oral exami-
nation, and became certified mindfulness instructors. The pa-
t i en ts rece ived ant idepressan ts and anxio ly t ics
(pharmacotherapy) if deemed necessary (Wang et al. 2018a).

Each patient filled in the three self-rated questionnaires men-
tioned above (i.e., PHQ-9, HADS-A/HADS-D, and MADRS-
S) at baseline, after 8 weeks of treatment, and at 1-year follow-
up (121 patients completed the self-rated questionnaires at the
1-year follow-up; i.e., the attrition rate was 28%). Blood sam-
ples were collected at the same time as the assessment of self-
rated symptoms at baseline and after 8 weeks of treatment.

Measures

Whole blood (6 ml) was collected in EDTA tubes. Samples
were centrifuged at 2000g for 10 min at 4 °C. Plasma MIF
levels were determined using the bead-based multiplex assay
for the Luminex platform (R&D Systems Inc) based on the
manufacturer’s instructions. More details about the experi-
ments were described in the previous article (Wang et al.
2018a). In brief, 80μl of plasmawas diluted 1:2 in the dilution
buffer and then incubated with an antibody-coated magnetic

Table 1 Characteristics of the study population at baseline (n = 168)

Variables Patients (n = 168)

Age, years

Mean (SD) 41.9 (11.0)

Sex, n (%)

Male 22 (13)

Female 146 (87)

BMIa

Mean (SD) 27.0 (5.6)

Antidepressants, n (%)b

Yes 50 (33)

No 90 (54)

Anxiolytics, n (%)c

Yes 23 (14)

No 110 (65)

Baseline MADRS-S

Median score (IQR) 20 (11)

Follow-up (8-week) MADRS-S

Median score (IQR) 11 (10)

Follow-up (1-year) MADRS-S

Median score (IQR) 10 (11)

Baseline MIF (pg/ml)

Median score (IQR) 5398 (4339)

Follow-up (8-week) MIF (pg/ml)

Median score (IQR) 4561 (3131)

SD standard deviation, BMI body mass index, IQR interquartile range
a 6 (4%) patients had missing information on BMI
b 28 (17%) had missing information on antidepressants
c 35 (21%) had missing information on anxiolytics
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bead. Protein levels were measured using the Bio-Plex® sus-
pension array system and data were analyzed with Bio-Plex
ManagerTM software (Version 4). Absolute concentrations in
picogram per milliliter were calculated from a standard curve
generated from eight serially diluted standards provided in the
kit. The intra- and inter-assay coefficient of variation (CV)
rates were 3.8% and 4.4%, respectively. Duplicate samples
were assayed and all results were reported as means.

Data Analyses

The mean and SD for age and BMI and the median and inter-
quartile range (IQR) for the scores and MIF level were
assessed. Sex, antidepressant, and anxiolytics use are present-
ed as percentages. Linear regression models were used to as-
sess the association between MIF levels at baseline (continu-
ously transformed with natural logarithm and categorized into
quartiles) and change in MADRS-S score after 8 weeks and
after 1 year (MADRS-S at baseline-MADRS-S at follow-up).
The following potential confounders were considered:
MADRS-S score at baseline, age, sex, BMI, and pharmaco-
therapy (antidepressants and/or anxiolytics). This association
is also demonstrated in Fig. 1 where the mean decrease in
MADRS-S score is shown over time in the highest quartile
and the three lowest quartiles together. The same analysis was
performed on the other three scales. Polynomial regression
models were used to explore if the associations between
MIF levels and change in scores were nonlinear. We achieved
this by adding a quadratic term of MIF levels in the linear
regression model. To be able to interpret the linear effect, we
centered the exposure before squaring it. The centering also
reduces the correlation between the linear and quadratic term.

In addition, we explored the association by categorizing MIF
levels into smaller groups to identify individuals most likely to
respond to psychotherapy.

In a sensitivity analysis, we analyzed the interaction be-
tween MIF levels and treatment groups, i.e., whether the pos-
sible association between MIF levels at baseline and
MADRS-S score differed between treatment groups, i.e.,
MBGT or TAU. We achieved this by adding an interaction
term in the linear regression models.

Statistical analyses were performed by using IBM SPSS
Statistics 23 (IBM, Armonk, NY, USA) and STATA version
15 (StataCorp LP).

Results

The median scores decreased significantly from 20 at baseline
to 11 and 10 at 8 weeks of treatment and at the 1-year follow-
up, respectively (Table 1). In a previous article, we (Wang
et al. 2018a) showed that MIF levels decreased significantly
after 8 weeks of treatment (median 4561, IQR 3131, pg/ml)
compared with baseline levels (median 5398, IQR 4339, pg/
ml) (p < 0.0001); there was no significant difference in pa-
tients treated with MBGT or TAU. Baseline levels of MIF
were significantly associated with age (β = 0.006, p = 0.001),
but not with sex, BMI, or baseline MADRS-S score.

In the present study, we first performed a linear regression
analysis to evaluate the potential association between MIF
levels (as a continuous variable) at baseline and the improve-
ment in psychiatric symptoms in response to the treatment (as
measured by the change in MADRS-S scores) after 8 weeks
and after 1 year (Table 2). Higher MIF levels at baseline were
significantly associated with better improvement in psychiat-
ric symptoms after 1-year follow-up, adjusted for baseline
MADRS-S score (β = 2.56, p = 0.02) and adjusted for baseline
MADRS-S score together with age, sex, BMI, and pharmaco-
therapy (β = 3.19, p = 0.009). In the 8-week follow-up, higher
MIF levels at baseline were significantly associated only with
a better improvement in psychiatric symptoms when adjusted
for baseline MADRS-S score (β = 2.61, p = 0.04), but not
when adjusted for baseline MADRS-S score together with
age, sex, BMI, and pharmacotherapy (β = 1.99, p = 0.18)
(Table 2). Furthermore, we performed linear regression by
dividing baselineMIF levels into quartiles where each quartile
had 42 patients. We used quartiles because of the skewed
distribution of MIF levels, i.e., more patients with low levels
and fewer patients with high levels of plasma MIF. Patients in
the highest quartile (Q4) of plasma MIF decreased almost 6
points more (β = 5.76, p = 0.004, Q4 vs. Q1) in MADRS-S
score after 1-year follow-up compared with patients in the
lowest quartile (Q1) (Table 2). However, patients in the second
(Q2) or third quartile (Q3) did not show any significantly better
improvement in MADRS-S score in comparison with those in

Fig. 1 Mean decrease in MADRS-S score after 8 weeks and after 1 year
for low plasma MIF (Q1 +Q2 +Q3) and high plasma MIF (Q4) at base-
line. Linear regression models were used to assess the association be-
tweenMIF levels at baseline and change inMADRS-S score after 8weeks
and after 1 year. p = 0.18 (8 weeks) and p = 0.001(1 year). aQ1 = 727–
3861 pg/ml, Q2 = 3920–5392 pg/ml, Q3 = 5403–8223 pg/ml..bQ4 =
8235–23,391 pg/ml.
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the lowest quartile (Q1), which suggests that patients in the
lower MIF quartiles (Q1–3) had a similar effect. Therefore, we
combined patients inQ1, Q2, and Q3 into one group and com-
pared them with those in Q4. Patients in the Q4 group de-
creased almost 2 pointsmore inMADRS-S score after 8weeks
of treatment (β = 1.99, p = 0.18, Q4 vs. Q1 +Q2 +Q3) and al-
most 6 points more after 1 year compared with those in lower
quartiles (β = 5.89, p = 0.001, Q4 vs. Q1 +Q2 +Q3) (Table 2).
This is also presented in a graph in Fig. 1 where the mean
decrease in the two groups is shown over time. We also per-
formed the same analysis on all four scales and the results
were similar to the results from the MADRS-S score (data
not shown). In addition, we performed a polynomial regres-
sion with both linear and quadratic effects in the models.
Table S1 shows that the effect of plasmaMIF levels at baseline
seems to be nonlinear.

This was also confirmed in a likelihood ratio test that
showed that adding a quadratic term in the linear regression
models significantly improved the model fit both at 8 weeks
and 1 year (p = 0.01 and p = 0.02, respectively). In the 8-week
model, the quadratic effect was significant with a positive sign
before adjusting. This means that the curve is convex, with
higher effect on the decrease in MADRS-S score for both
lower levels (Q1) and higher levels of plasma MIF levels
(Q4) at baseline. However, after adjustment, the effect became
non-significant. In the adjusted 1-year model, both the linear
and quadratic effects are significant. These results suggest that
the potential effect on the improvement in the MADRS-S

score differs by MIF levels with small or no effects for lower
levels and high effects for higher levels. The graphs in Fig.
S1a and S1b display the curvilinear pattern of the association.

The highest quartile in all analyses showed better improve-
ment. Baseline MIF levels were then categorized into sub-
groups (data not shown) to identify patients most likely to
respond to psychotherapy. We were able to identify a group
of 21 patients where all decreased their MADRS-S score after
1 year of follow-up (Fig. S2) and they had the highest levels of
MIF at baseline (MIF > 11,120 pg/ml).

We further examined the possible differences in the asso-
ciation between MIF at baseline and decrease in MADRS-S
score between the groups (MBGT and TAU). We did this by
adding an interaction betweenMIF levels at baseline and treat-
ment group in the regressionmodels (Table 2). This sensitivity
analysis suggested that the mindfulness group had a slightly
higher effect of high MIF levels than TAU, but there were no
significant interactions (data not shown).

Discussion

In the present study, the findings were that higher MIF levels
at baseline were significantly associated with better improve-
ment in psychological symptoms at 1-year follow-up after the
MBGT/TAU of depression, anxiety, and stress- and adjust-
ment disorders. Similar trends were seen after 8 weeks but
with a non-significant association. By stratification of the data

Table 2 The association between change in MADRS-S score (MADRS-S baseline –MADRS-S follow-up) after 8 weeks and after 1 year and plasma MIF
(pg/ml) at baseline (continuously transformed with natural logarithm and categorized into quartiles)

Variable Unadjusted Adjusteda Adjustedb

Beta 95% CI p valuec Beta 95% CI p valuec Beta 95% CI p valuec

Outcome: change after 8 weeks

MIF contd. 0.31 − 1.95; 2.58 0.78 0.84 − 1.06; 2.73 0.39 0.57 − 1.58; 2.72 0.60

Q2 vs. Q4 − 2.49 − 6.08; 1.10 0.17 − 1.93 − 4.93; 1.08 0.21 − 0.93 − 4.32; 2.46 0.59

Q3 vs. Q1 − 3.31 − 6.96; 0.35 0.08 − 1.95 − 5.02; 1.12 0.21 − 1.60 − 5.16; 1.95 0.37

Q4 vs. Q1 0.40 − 3.21; 4.01 0.83 1.29 − 1.74; 4.31 0.40 1.15 − 2.41; 4.71 0.52

Q4 vs. (Q1 +Q2 +Q3)
e 2.36 − 0.55; 5.28 0.11 2.61 0.18; 5.04 0.04 1.99 − 0.90; 4.87 0.18

Outcome: change after 1 year

MIF contd. 2.48 0.03; 4.92 0.05 2.56 0.37; 4.76 0.02 3.19 0.80; 5.58 0.009

Q2 vs. Q1 − 1.58 − 5.59; 2.43 0.44 − 1.03 − 4.65; 2.59 0.58 0.93 − 2.87; 4.74 0.63

Q3 vs. Q1 − 1.82 − 6.00; 2.37 0.39 − 1.34 − 5.11; 2.43 0.48 − 1.63 − 5.66; 2.40 0.42

Q4 vs. Q1 3.90 − 0.01; 7.81 0.05 3.90 0.37; 7.42 0.03 5.76 1.86; 9.66 0.004

Q4 vs. (Q1 +Q2 +Q3) 4.95 1.71; 8.20 0.003 4.62 1.70; 7.54 0.002 5.89 2.61; 9.18 0.001

aAdjusted for baseline MADRS-S score
b Adjusted for baseline MADRS-S, sex, age, BMI, and pharmacotherapy (antidepressants and/or anxiolytics)
c Association tested by a linear regression model
dMIF contMIF levels as a continuous variable,
eQ1 = 727–3861 pg/ml, Q2 = 3920–5392 pg/ml, Q3 = 5403–8223 pg/ml, Q4 = 8235–23,391 pg/ml
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according to the MIF levels at baseline, it was demonstrated
that patients with the highest levels of MIF had the best im-
provement in their symptoms. The association was slightly
higher in the mindfulness group compared with TAU, but
not significant.

The results showed that patients with higher MIF at base-
line benefitted more from psychotherapy than those with low-
er MIF. Therefore, MBGT/TAU may be more successful as a
treatment in this subgroup, whereas other patients may not
have the same response to MBGT/TAU. Concurring with
the present results, one previous study has shown that inflam-
mation biomarkers can modulate the effects of exercise on
depression. Rethorst et al. (2013) found that higher baseline
levels of the cytokine TNF-α were associated with a more
rapid drop in depressive symptoms over the course of the
12-week exercise intervention. In contrast to our finding,
Cattaneo et al. (2016) reported that low MIF messenger
RNA (mRNA) expression level at baseline was related to
better outcomes with antidepressants in patients with depres-
sion. These contradictions in the results can be explained by
the fact that protein levels do not necessarily represent the
exact mRNA expression. There are many processes from
mRNA to protein, which may affect the final levels of protein
(Vogel and Marcotte 2012). For example, a combination of
gene regulations (i.e., post-transcriptional, translational, and
degradative) acting through miRNAs regulates protein levels
(Mukherji et al. 2011). MiRNAs have been found to regulate
protein levels, rather than to cause a large impact on mRNA
levels (Baek et al. 2008).

The biological mechanisms underlying MIF’s predictive
effect are unclear. It seems that high levels of MIF may play
a dual role in depression. On the one hand, MIF is a proin-
flammatory cytokine that is highly expressed in both immune
cells and nonimmune cells including neurons in the brain tis-
sues (Matsunaga et al. 1999). MIF is known to promote the
expression of multiple cytokines and chemokines, such as IL-
6 and TNF-α, which are believed to be involved in the path-
ophysiology of depression (Toh et al. 2006). On the other
hand, in animal models, MIF also functions as an “antidepres-
sant.” Moreover, Conboy et al. (2011) also reported that MIF
plays an important role in antidepressant-induced hippocam-
pal neurogenesis. Subsequently, Moon et al. (2012) found that
MIF itself could induce an antidepressive effect and mediate
the antidepressant action of long-term exercise on depressive
behavior in mice. In the present study, levels of MIF at base-
line were associated with improvement in psychiatric symp-
toms after MBGT/TAU in a curvilinear pattern. These results
suggest that MIF in this study may also have a dual role in
response to psychotherapy. Other explanations behind the
present findings could be that people with higher MIF levels
at baseline are different from those with lower MIF levels, i.e.,
more active, have more outside psychosocial treatments and
better social networks, and are healthier in other aspects.

Plasma MIF levels at baseline were significantly as-
sociated with improvement in psychiatric symptoms af-
ter 1-year of follow-up but the associations after 8 weeks
of follow-up were non-significant. These results suggest
that MIF levels at baseline may have stronger long-term
than short-term effects in terms of response in
depression/anxiety patients treated with psychotherapy.
However, the mechanisms behind this association need
to be disentangled.

Limitations and Future Research

Although the findings are promising, several limitations
should be considered. First, we did not perform separate
analyses according to the subtype of psychiatric disorders.
However, overlapping symptoms are relatively common
among these conditions and the patients were therefore
analyzed together. Second, the present study did not in-
clude patients that did not receive psychotherapy as a
control. It might be possible that the changes in protein
were simply a reflection of variability over time. This
study is more of a hypothesis generating study and the
results need to be replicated in future studies. Third, we
did not adjust for further potential treatment after the 8-
week intervention as we had no information about treat-
ment after this time point in any of the two groups.
Outside psychosocial treatment during the follow-up peri-
od may also have an effect on the improvement in psy-
chiatric symptoms. We did, however, not collect data on
outside psychosocial treatments during the follow-up pe-
riod and are thus unable to consider this to be a potential
confounder. Finally, the drop out of patients during 1-year
follow-up may influence generalizability. The results in-
dicated that higher plasma MIF levels at baseline may
predict better long-term outcomes with psychotherapeutic
interventions for mild to moderate symptoms of depres-
sion, anxiety, or stress- and adjustment disorders. These
findings cannot, however, be used to guide clinical prac-
tice; they need to be confirmed in other settings.
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