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Abstract

Introduction:
Major depressive disorder (MDD) is characterized by depressed mood and anhedonia, but also physical
symptoms such as changes in appetite and weight. The gut microbiota has recently been postulated to
be involved in MDD through gut-brain axis signaling. Moreover, antidepressants contain antibacterial
properties in the gastrointestinal tract. The aim of this study was to compare the gut microbiota and
in�ammatory pro�le of patients with MDD before and after initiation of pharmacological and/or cognitive
antidepressant treatment in comparison with non-depressed individuals (nonMDD).

Methods
Study participants delivered fecal and blood samples at baseline and at follow-up after four and twelve
weeks, respectively. Patients started treatment immediately after the delivery of the baseline samples.
The gut microbiota was characterized by 16S rRNA gene sequencing targeting the hypervariable V4
region. In�ammation was assessed based on plasma levels of 54 immune markers using Meso Scale.

Results
In total, 27 patients and 32 nonMDD controls were included in the study. The gut microbiota in the
baseline samples of MDD versus nonMDD participants did not differ regarding α- or β-diversity. However,
there was a higher relative abundance of the genera Ruminococcus and Intestinibacter and a lower
relative abundance of the genera Lactobacillus, Bilophila, Coprobacter, and Desulfovibrio in the MDD
group compared to the nonMDD group. In the MDD group, the families Ruminococcaceae, Clostridiaceae
and Peptostreptococcaceae were found depleted after twelve weeks follow-up compared to the baseline
samples. In the MDD group, IL-7, IL-8 and IL-17b were elevated compared to the nonMDD group.

Conclusion
Intestinal bacteria Ruminococcus, Coprobacter and Lactobacillus were signi�cantly different between
antidepressant-naïve patients with MDD and nonMDD controls. Genera belonging to Ruminococcaceae
also changed in relative abundance in patients with MDD during pharmacological and/or cognitive
antidepressant treatment. The MDD group was found to have a pro-in�ammatory pro�le compared to the
nonMDD group.

Introduction
Major depressive disorder (MDD) has a global lifetime prevalence of 10.8% [1]. Patients with MDD have
increased morbidity, mortality and low quality of life compared to age-matched healthy individuals [2, 3].
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Furthermore, the total economic burden of the disorder in Europe alone accounts for 1.118 billion euro in
annual costs [4]. The etiology of MDD is multi-factorial and includes genetic and environmental factors
[5]. The two core symptoms associated with depression are depressed mood and anhedonia [6], but
several somatic features are common in patients with a depressive episode. These include changes in
appetite or abdominal discomfort [7], and pathological immune manifestations such as a pro-
in�ammatory immune pro�le [8]. The amount and severity of non-mental symptoms have been
associated with an increased burden of the disorder and poorer treatment outcomes [7]. Moreover,
research has suggested a causal link between the gut microbiota and MDD, as fecal microbiota
transplantation from patients with MDD into recipient animals have been found to induce depressive-like
behavior [9–12].

Several of the bacteria inhabiting the gut, signal from the gastrointestinal system to the brain through the
gut-brain axis [13]. This happens through stimulation of the enteric nervous system [14], or by production
of metabolites which can penetrate the blood-brain barrier [15]. An example is short chain-fatty acids
(SCFAs) that have been found to contain several health-bene�cial features, some of which function
through signaling in the gut-brain axis [16–19]. On the other hand, cell wall components of Gram-negative
bacteria such as lipopolysaccharide (LPS) have been observed to induce in�ammatory responses in
human peripheral blood mononuclear cells [20]. Additionally, the intestinal bacteria can produce
serotonin, a neurotransmitter, by stimulating secretion from intestinal enterochroma�n cells [21]. The
intestinal commensals exist in a symbiotic relationship with the human host, as they provide us with
essential vitamins and amino acids [22–24], drive the maturation of the immune system [25, 26], and
protect us from invading pathogens [27, 28]. Several studies have assessed the gut microbiota in patients
with MDD [9, 10, 29–44]. In most of these studies, the gut microbiota was only characterized at a single
time-point, and patients frequently received active pharmacological treatment prior to study inclusion (see
review for overview [45]). Antidepressant medicine has been suggested to contain antibacterial properties
[46]. It is therefore important to assess the gut microbiota in treatment-naïve patients to evaluate if
potential gut microbiota alterations are associated with MDD or is an epiphenomenon linked to
antidepressant treatment.

The aim of this study was to conduct a longitudinal characterization of the gut microbiota in untreated
patients recently diagnosed with MDD before treatment initiation, including both cognitive therapy and/or
antidepressant drugs, and subsequently after four and twelve weeks of treatment, in comparison to a
non-depressed group (nonMDD). Indices of α- and β-diversity, as well as signi�cantly different relative
abundance of phylotypes between patients with MDD and nonMDD controls, were the primary outcomes
of the study. Secondary outcomes included changes in depressive symptoms, the in�ammatory pro�le,
as well as gastrointestinal symptoms and dietary habits.

Methods

Study design



Page 4/25

This prospective, longitudinal cohort study investigated antidepressant-naïve patients recently diagnosed
with MDD compared to healthy individuals. The participants were followed for twelve weeks with three
sampling points: at baseline prior to initiation of antidepressant therapy of the MDD group, and then four
and twelve weeks later. At each follow-up, fecal samples were collected, severity of depressive symptoms
measured with a major depressive inventory (MDI)s, and a questionnaire regarding gastrointestinal
symptoms and diet was �lled out. Patients initiated antidepressant therapy, cognitive and/or
pharmacological, immediately after baseline data was collected.

Study population
Young adults aged 18 to 24 years, both ages included, were recruited from the Department of Unipolar
Depression at Aalborg University Hospital, Aalborg and from the Psychiatric Department, Horsens
Regional Hospital, Horsens, Denmark between December 22nd 2017 – March 13th 2020. Patients were
screened and diagnosed according to the 10th revision of the International Classi�cation of Diseases
(ICD-10) [47] criteria for depression (henceforth referred to as the MDD group) by a psychiatrist. Exclusion
criteria were as follows: previous or current medical antidepressant treatment; psychiatric disorders other
than MDD; neurological disorders; gastrointestinal disorders; endocrine, nutritional or metabolic diseases;
infectious or parasitic diseases within a month prior to inclusion; use of antibiotics, probiotics, prebiotics
or synbiotics within three months prior to inclusion; pregnancy within a year prior to inclusion; substance
or alcohol abuse; speci�c dietary habits, such as vegetarian or paleolithic diets (with a complete list of
exclusion criteria in Supplementary Material 1).

Individuals without depression (henceforth referred to as the nonMDD group) aged 18 to 30 years, both
ages included, were recruited through social media, and on the internal personnel webpage of the North
Denmark Regional Hospital. Exclusion criteria were identical to those for patients with MDD, in addition to
no current or previous history of psychiatric disorders or antidepressant use. Con�rmation of the medical
history of both MDD and nonMDD participants was performed retrospectively through data retrieved from
the Danish Electronic Patient Journal at least one year after the last patient with MDD was recruited for
the study.

Questionnaires and data acquisition

Major Depressive Inventory
At each sampling point, all participants were instructed to use the self-screening 10-item MDI
questionnaire to evaluate severity of their depressive symptoms [48]. Based on total scores, participants
were grouped into four categories: no depression (0-20), mild depression (21-25), moderate depression
(26-30) and severe depression (31-50). 

Bristol stool scale
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Participants were asked to rate their stool sample consistency using the Bristol Stool Scale (BSS), which
was used as a proxy for bowel transit time [49]. It consists of seven points, with one being stool with long
transit time (constipation) and seven being very short transit time (diarrhea). Participants were instructed
to collect a fecal sample only if the BSS score of the sample was between 3-5, as severely decreased or
increased transit time would affect the gut microbiota composition [50]. 

Demographic and clinical data
At inclusion, participants gave information on their age, height, weight and smoking habits. Participants
were asked to �ll out a baseline questionnaire, which focused on appetite, dietary habits, bowel
movements, and gastrointestinal symptoms. Questions included the number of daily meals, estimation of
appetite and self-evaluation of their caloric intake in accordance with Danish guidelines. Additionally,
they were asked about toilet habits. In the questionnaire participants received during the four- and twelve-
weeks follow-ups, the questions focused on changes experienced in the parameters compared to the
baseline measurements.  

Microbiota characterization by 16S rRNA gene sequencing
Fecal samples were collected in the home of the participants and stored in a domestic freezer (-20 °C) for
a maximum of 72 hours until delivery in a cooling bag to the laboratory. Following reception at the
laboratory, fecal samples were stored at -80 °C. Total DNA was isolated from 250±25 mg fecal samples,
using the QIAamp Powerfecal DNA kit (QIAGEN) with automation on a QIAcube® (QIAGEN) as previously
described [51]. 16S rRNA gene sequencing was performed by DNAsense ApS Denmark as previously
described [52]. In brief, sequencing libraries were constructed using a standardized primer set (515FB and
806RB [53, 54]) targeting the 16S rRNA V4 region, followed by a PCR where unique barcoded primers were
added to all sequencing libraries. The resulting DNA was sequenced (2x300 bp) on a MiSeq platform
using MiSeq Reagent kit V3 (Illumina) with an additional 10 % PhiX control library (Illumina) to estimate
error rate during sequencing. 

Measurement of fecal calprotectin, LBP and blood plasma immune markers. Blood was collected from
participants within 24 hours from delivery of the fecal sample. Plasma was isolated by centrifugation
and stored at –80°C until further analysis. Lipopolysaccharide-binding protein (LBP) was used as a proxy
for the presence and concentration of LPS [55]. LBP was measured in peripheral blood plasma samples
in duplicates with the RayBio® Human LBP ELISA Kit (RayBiotech, USA) according to manufacturer’s
instructions. All incubation steps were performed at room temperature using an orbital shaker (Thermo
Fisher Scienti�c) set to 150 rpm. Signal intensity was measured at 450 nm for LBP on a Fluostar Omega
Plate Reader (BMG Labtech, Germany).  Concentrations were calculated using the four-parameter logistic
regression method, as per manufacturer’s recommendation.
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A total of 53 immune markers were analyzed in blood plasma, using electrochemiluminescent
immunoassays Meso Scale Diagnostics technology to evaluate the degree of systemic in�ammation in
the participants. A combination of seven panels were used, namely the V-PLEX Angiogenesis Panel 1
Human, V-PLEX Chemokine Panel 1 Human, V-PLEX Cytokine Panel 1 Human, V-PLEX Cytokine Panel 2
Human, V-PLEX Proin�ammatory Panel 1 Human, and V-PLEX Vascular Injury Panel 2 Human. Analyses
were performed at the Department of Clinical Immunology, Copenhagen University Hospital, Denmark
according to manufacturer’s protocol. Positions on the plates were randomized and samples analyzed in
triplicates. Results were log2 transformed and displayed as �uorescent intensity. To adjust for variations
across plates, signal intensities were median-normalized across the individual plates. For both ELISA and
Mesoscale measures, assay diluent was used as negative control. Signals below that of blank controls
were included into the analyses.

Bioinformatics
PhiX sequences were removed and read pairs were demultiplexed by the USEARCH v.11 pipeline [56]. The
resulting demultiplexed sequences were imported into the QIIME2 2020.8 bioinformatics platform [57]. To
build amplicon sequence variants (ASVs), primers were �ltered from forward reads, followed by
truncation to 250 base pairs and denoising with DADA2 using standard parameters. Negative controls
were de�ned as samples with <40.000 reads and removed from downstream analysis. All ASVs were
aligned with MAFFT [58] using q2-alignment, and a phylogenic tree was constructed hereof using
fasttree2 [59] implemented in q2-phylogeny. Taxonomy was assigned using the Naïve Bayesian classi�er,
implemented in q2-feature-classi�er, trained against the SILVA 138 SSU reference database [60]. R version
4.0.3 was used for subsequent analyses through the Rstudio IDE (http:///www.rstudio.com). The
generated amplicon data was investigated using the packages phyloseq v1.32.0 and ampvis2 v2.6.6. α-
diversity metrics were analyzed using ASV richness, Faith’s phylogenic diversity, and Shannon diversity
index. β-diversity indices included principal coordinate analysis (PCoA) of Bray-Curtis dissimilarity, as well
as weighted and unweighted UniFrac [61]. Bacterial β-diversity was analyzed using permutational
multivariate analysis of variance (PERMANOVA) with 999 permutations, as implemented in ADONIS and
tested for variability using Betadisper. The linear discriminant analysis effect size (LEfSe)
method [62] was used to determine the most differentially abundant taxa between the different
diagnostic groups, or time points.

Statistical analyses
For continuous data such as age, BMI, LBP and cytokine concentrations, distribution and variance were
determined using Shapiro-Wilks test and Bartlett’s test, respectively. Depending on the normality of
distribution and evenness of variance, data was tested using either Student’s t-test followed by Tukey’s
post hoc test, or Mann-Whitney U test followed by Dunn’s post hoc test with correction for false-discovery
rate using Benjamini-Hochbergs procedure. For paired data, such as the MDI score and longitudinal



Page 7/25

measurements of LBP and cytokines, a mixed effect model was used to account for missing data. For
correlation analysis between in�ammatory markers, LBP and β-diversity measures, Spearman’s rank
correlation coe�cient was used and the monotony of the correlation was assessed visually using
scatterplots. For univariate statistics, the null hypothesis was rejected if p<0.05, whereas for multivariate
statistics, a Benjamini-Hochberg adjusted p-value (q)<0.05 was needed. 

Ethics
The study was conducted in accordance with the Declaration of Helsinki and approved by the North
Denmark Regional Ethical Committee (reference: N-20170056). The categories of the person data
collected in the project are registered in the processing activities of research in the North Region of
Denmark in compliance with EU GDPR article 30. Written and oral informed consent was obtained from
all participants.

Results
In total, 27 individuals in the MDD group and 32 individuals in the nonMDD group agreed to participate in
the study (see Fig. 1). Of these, 21/27 in the MDD group and 30/32 in the nonMDD group delivered the
baseline samples, and 13/27 in the MDD group and 30/32 in nonMDD group completed the study by
attending both follow-ups.

Demographic and clinical data are presented in Table 1. There was no signi�cant difference between the
MDD and nonMDD groups in BMI (MDD = 24.4 ± 5.1 and nonMDD = 23.0 ± 2.8, p = 0.168), sex (Females –
MDD = 76.0% and nonMDD = 83.0%, p = 0.66) or smoking (Yes – MDD = 20% and nonMDD = 20%, p = 
0.914). However, there was a signi�cant difference in age (MDD = 20.9 ± 4.2 and nonMDD = 23.7 ± 10.7).
Most participants in the MDD group commenced pharmaceutical treatment, but two individuals only
received cognitive therapy during the study. Pharmaceutical therapy consisted primarily of serotonin
reuptake inhibitors, albeit three in the MDD group had their therapy augmented with the atypical
antipsychotic quetiapine. Compared to the nonMDD group, the MDD participants did display apparent
depressive symptoms with a signi�cantly higher MDI score (MDD = 40.3 ± 6.9 and nonMDD = 4.9 ± 4.2, p 
< 0.001) at baseline. Overall, there was a slight trend towards lower MDI score in the MDD group after four
weeks (35.5 ± 8.2, p = 0.13) and a signi�cant difference in MDI score after twelve weeks (29.4 ± 12.1, p = 
0.02) compared to the MDI score at baseline. During the twelve weeks, two in the MDD group scored an
MDI lower than 20, indicating remission, and two reported a minimum of 50% reduction in MDI score,
indicating response to treatment. Furthermore, �ve participants went from moderate to mild depression
based on their MDI score, indicating a possible response to treatment. The MDD group reported
gastrointestinal symptoms at a much higher frequency than the nonMDD group throughout the study
(Baseline measurements: MDD = 10/21 and nonMDD = 3/30, p < 0.001), such as increased constipation
and stomach pains. However, there was no signi�cant difference between the two groups in bowel transit
time, as measured by proxy using the BSS score (p = 0.85). Neither participants in the MDD group or the
nonMDD group reported marked changes in appetite or caloric intake (data not shown)
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Quality assessment of 16S rRNA gene sequencing
Sequencing of the 16S rRNA gene gave rise to a total of 6,440,258 reads, generating 2,083 ASVs with a
median of 47,301 reads per sample. The ASVs could be assigned taxonomically to bacterial phylum
(99.4%), family (95.3%) and genus (87.4%). In the MDD group, a total of 1,247 unique phylotypes were
observed, compared to 1,657 in the nonMDD group. The distribution of the mean reads can be viewed in
Supplementary Fig. 1, while Supplementary Fig. 2 contains the rarefaction curves.

α- and β-diversity indices
Differences in α-diversity of gut microbiota between MDD and nonMDD groups at baseline and over time
was analyzed using the number of observed ASVs, Faith’s phylogenetic diversity and Shannon diversity
index. There was no difference in α-diversity between the MDD and nonMDD group at baseline (Fig. 2A-
C). Likewise, no signi�cant change in α-diversity was observed for either group between follow-ups
(Fig. 2D-I).

We then explored if it was possible to separate MDD from nonMDD based on β-diversity measures using
Bray-Curtis dissimilarity distance, as well as weighted and unweighted UniFrac. Similarly, we were not
able to cluster the gut microbiota separately according to MDD or nonMDD groups (Fig. 3A-C).
Furthermore, we did not observe any changes in β-diversity between follow-ups in neither the MDD group
(3D-F) nor the nonMDD group (Fig. 3-I).

Several taxa are signi�cantly different in relative abundance in MDD compared to nonMDD, and changes
occur in MDD over time

Several orders, families and genera of bacteria were observed to be signi�cantly different in relative
abundance between the MDD and nonMDD participants at baseline (Fig. 4A + and 4B). The genera
Intestinibacter, Ruminococcus gnavus group and Ruminococcus torques group were increased in relative
abundance in the MDD group. Contrarily, the phylum Actinobacteria, the families Desulfovibrionaceae
and Lactobacillaceae, and the genera Bilophila, Coprobacter, Desulfovibrio, and Lactobacillus were
observed to be decreased in relative abundance in the MDD group compared to the nonMDD group.
During the twelve weeks study, several phylotypes were observed to change signi�cantly in relative
abundance in the MDD group, namely with a decrease in the families Clostridiaceae,
Peptostreptococcaceae, and Ruminococcaceae (Fig. 4C and 4D). On the other hand, the nonMDD group
did not display signi�cant difference in individual phylotypes between follow-ups (Fig. 4E and 4F).

In�ammatory pro�les between groups and over time
In baseline measurements, the MDD group was found to have signi�cantly increased cytokine levels in
comparison to the nonMDD group (Fig. 5). In peripheral plasma, it was found that basic �broblast growth
factor (bFGF, p = 0.041), interleukin-7 (IL-7) (p = 0.046), IL-8 (p = 0.014), IL-17b (p = 0.021), macrophage-
derived chemokine (MDC, p < 0.001), and thymus and activation regulated chemokine (TARC, p = 0.031)
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were elevated in the MDD group compared to the nonMDD group. This would suggest a pro-in�ammatory
pro�le with systemic in�ammation. No signi�cant difference was found between the MDD and nonMDD
groups in the remaining 48 in�ammatory markers, or in the LBP measurements (data not shown).
Correlation analyses showed that some of the in�ammatory markers, found to be signi�cantly different
between the MDD and nonMDD groups at baseline, correlated with overall β-diversity in both groups
(Fig. 6). We also observed that bFGF was positively associated with weighted UniFrac (6A, p = 0.024), but
negatively associated with unweighted UniFrac (6B, p = 0.033). Additionally, IL-17b was negatively
associated with both unweighted and weighted UniFrac (6C, p = 0.011 and 6D, p = 0.012, respectively).
LBP was also found to correlate to both β-diversity and other in�ammatory factors. LBP concentrations
correlated positively with weighted UniFrac (6E, p = 0.027), soluble intercellular adhesion molecule-1
(sICAM-1, 6F, p = 0.043), and serum amyloid A (SAA, 6G, p = 0.006) and negatively with IL-10 (6H, p = 
0.013). Furthermore, vascular endothelial growth factor C and D were found to correlate positively with
weighted UniFrac, while IL-1a correlated negatively with weighted UniFrac (Supplementary Fig. 3A, 3B and
3C, with respectively p = 0.049, p = 0.024 and p = 0.014). This suggests that in�ammatory markers may be
associated with gut microbiota diversity prior to pharmacological and/or cognitive treatment. However,
none of the in�ammatory markers, signi�cantly different between the MDD and nonMDD groups, were
found to decrease during antidepressant treatment in the MDD group (data not shown).

Discussion
In this study, we characterized the gut microbiota in antidepressant-naïve patients with MDD and
compared them with non-depressed individuals at baseline. A subpopulation of the MDD group then
started pharmacologic and/or cognitive antidepressant treatment and samples were collected again at 4
and 12 weeks follow-up. We found no difference between the MDD and the nonMDD group in α- or β-
diversity at baseline, but individual bacterial taxa were signi�cantly different between the two groups. An
increased relative abundance of the genera Intestinibacter, Ruminococcus gnavus group and
Ruminococcus torques group was observed, while the phylum Actinobacteria, the families
Desulfovibrionaceae and Lactobacillaceae, and the genera Bilophila, Coprobacter, Desulfovibrio, and
Lactobacillus were decreased when comparing the MDD group to the nonMDD group.

Previous studies of gut microbiota in patients with MDD have reported heterogenous results on which
bacterial taxa that were observed to be signi�cantly altered in relative abundance between MDD and
nonMDD groups [63]. In our population of patients with MDD, overrepresentation of Ruminococcus was
observed, which has also been reported previously [35]. However, several studies have observed
underrepresentation compared to healthy controls [30, 40, 43]. Likewise, Desulfovibrio was decreased in
our patients with MDD in accordance with one study [40], but in contrast to two others [33, 34]. Reduction
in Lactobacillus was observed here as well as in one other study [34], while two studies saw an increase
[34, 39]. The remaining genera Intestinibacter, Coprobacter and Bilophila have not previously been
reported altered in patients with MDD and may therefore represent population-speci�c taxa unique to our
cohort. Some of the bacteria observed to be elevated or depleted in the MDD group here and in previous
publications may contain depressogenic or antidepressant properties. Overrepresentation of the
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Ruminococcus genus has previously been found in a study by Lukíc et al. to induce down-regulation of
genes involved in neuronal plasticity in mice [64], a recognized neurobiological feature of MDD [65].
Additionally, the Ruminococcus gnavus group can metabolize tryptamine from tryptophan [66], limiting
the production of serotonin from tryptophan, and thereby the bioavailability of this neurotransmitter
highly important in the treatment of MDD. Acute tryptophan depletion has been linked to exacerbation of
depressive symptoms in remitted patients [67]. Similarly, the depletion of Lactobacillus in MDD may
result in less production of SCFAs [68], metabolites suggested to have antidepressant properties [15]. One
of these properties is also linked to serotonin, as SCFAs can induce serotonin production by intestinal
enterochroma�n cells [21]. Increased relative abundance of Ruminoccocus and decreased relative
abundance of Lactobacillus may therefore combined lead to low serotonin production.

There is a lack of consensus regarding diversity indices and speci�c bacteria observed at baseline in
patients with MDD in this study and previous publications, which has been a generalized problem in the
�eld of gut microbiota association with MDD [45]. The studies conducted so far span different
geographical regions, whereby it is possible that the lack of consensus between studies arises from
dietary preferences and their in�uence on the gut microbiota composition [69–71]. Additionally, previous
studies have included a wide age group (often spanning between 18 and 65 years of age), by which the
risk of comorbid disorders increases. Noticeably, few studies excluded patients or controls with other
psychiatric disorders than MDD or comorbid somatic disorders [45]. Several diseases such as
in�ammatory bowel disorders [72] and type 2 diabetes [73] have been found to contain signi�cantly
different gut microbiota compared to healthy individuals. This may have resulted in alterations in the gut
microbiota composition by bacterial species associated speci�cally with the comorbid disorder, masking
identi�cation of bacterial taxa or bacterial diversity unique to MDD.

To our knowledge, this is the �rst study to characterize the immune pro�le in combination with the gut
microbiota in patients with MDD. Large-scale meta-analyses have observed a different immune pro�le
than what was observed here [74]. However, individual studies agree with some of our observations, such
as elevated IL-7 and bFGF [75], and elevated IL-17b in patients with MDD compared to healthy controls
[76]. On the other hand, IL-8 has previously been reported decreased in treatment-naïve patients with MDD
compared to healthy controls [77], where we observed the opposite in our study. Although we can observe
that these in�ammatory factors are elevated in the MDD group, this may not be linked to the gut
microbiota. However, in the correlation analysis, we found that LBP was correlated to many of the
in�ammatory factors, such as diversity using weighted UniFrac, as well as SAA, sICAM and IL-10. As the
function of LBP is detection of LPS, the Gram-negative cell wall component [55], correlation between LBP
and in�ammatory factors suggest that these increases may be linked to an altered gut microbiota. This
has been suggested in a previous study where elevated LBP in patients with MDD was associated with an
abnormal monocyte pro�le [78]. These data furthermore supports the hypothesis of the gut-brain axis
involvement in MDD [79].
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Bacterial alterations occur in MDD during pharmacological
and/or cognitive antidepressant therapy
In the assessment of bacterial diversity changes, it was not possible to separate the gut microbiota of
patients with MDD before antidepressant treatment and after twelve weeks of pharmacological and/or
cognitive treatment. Nevertheless, there were several bacterial families which changed in relative
abundance during the twelve weeks study, with a decrease in the Clostridiaceae, Peptostreptococcaceae
and Ruminococcaceae families.

Previous studies have examined pharmacological antidepressant treatment in patients with MDD with
characterization of the gut microbiota [80–82]. In the study by Madan et al., they found increased
Ruminococcus in patients with severe MDD, and that treatment response depended on alterations in the
Ruminococcaceae family. Especially, the presence of Ruminococcus gnavus group was not associated
with remission [80]. Previous studies of gut microbiota in patients with MDD have observed altered
bacteria-associated enzyme-linked genes coding for tryptophan biosynthesis and metabolism, as well as
loss of tryptophan metabolites [39, 83]. As mentioned earlier, genera belonging to the Ruminoccaceae
family metabolize tryptophan, leading to less bioavailability for serotonin synthesis. Most of our patients
with MDD received selective serotonin reuptake inhibitors as antidepressant treatment. Acute tryptophan
depletion has also been found to limit the antidepressant effect of serotonin reuptake inhibitors such as
�uoxetine [84]. This is furthermore supported by the preclinical study by Lukíc et al., who observed that
the effect of antidepressant treatment with duloxetine, a tricyclic antidepressant, was limited by the
presence of a species of Ruminococcus [64].

From our study, it can be di�cult to conclude if MDD and response to treatment is linked to bacterial
variations in the gut microbiota. The patient group who received pharmaceutical intervention was
relatively small (n = 11). It is therefore di�cult to discern if the antidepressant treatment has robustly
affected the gut microbial composition, especially since the patients were not administered the same
types or classes of antidepressants. Another reason for alterations in the gut microbiota of patients with
MDD during the twelve weeks may have been an altered diet. Many antidepressant therapeutics have a
common side effect, which is altered appetite [85]. Although patients did not report pronounced changes
in caloric intake or appetite, it is well-known that self-report biases includes both recall and social
desirability bias, which includes questions regarding dietary intake [86]. Patients may therefore,
intentionally or unintentionally, have under- or overestimated dietary intake, which can lead to alterations
in the gut microbiota [69–71]. Overall, we cannot from this study alone deduce if antidepressant
treatment can manipulate the gut microbiota of patients with MDD leading to increased treatment
response.

LIMITATIONS AND STRENGTHS
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The limitations of this study are the relatively low sample size due to di�culties in recruitment and a high
attrition rate throughout the study. In the pharmacological therapy, patients were not administered the
same types or classes of medicine, and in combination with the small sample size, it is therefore di�cult
to associate bacterial alterations with a speci�c type of antidepressant. The questionnaire concerning
dietary habits did not track caloric intake, and patients may therefore have altered their dietary intake
during the study, masking bacterial alterations.

This is the �rst study, to our knowledge, that assesses changes in gut microbiota of patients with MDD
during pharmacological and/or cognitive antidepressant therapy. A further strength of this study is the
homogeneity of our MDD and nonMDD groups, as this limits biases induced by age, diet and comorbid
disorders. Additionally, our patient cohort was treatment-naïve at baseline, which has only been examined
in one previous publication. 

Conclusion
Although there were no signi�cant differences in α- or β-diversity at baseline, or from baseline to twelve
weeks, individual taxa were signi�cantly different in relative abundance between MDD and nonMDD
groups. An increase in relative abundance of Ruminococcus was observed in MDD compared to nonMDD,
as was a decrease in Lactobacillus. Furthermore, the MDD group was found to have a predominantly pro-
in�ammatory pro�le compared to the nonMDD group. During pharmacological and/or cognitive
treatment, patients with MDD lost taxa belonging to the Ruminococcaceae family.

Abbrevations
ASV – Amplicon sequence variants

BSS – Bristol Stool Scale

DSM – Diagnostic and Statistical Manual of Mental Disorders

ICD – International Classi�cation of Diseases

LBP – Lipopolysaccharide-binding protein

LDA – Linear discriminant analysis

LEfSe – Linear discriminant analysis – effect size

LPS - Lipopolysaccharide

MDD – Major depressive disorder

MDI – Major Depressive Inventory
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PCR – Polymerase chain reaction

SCFA – Short chain-fatty acids
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Tables
Table 1 – Demographic and clinical data at inclusion and during the study period. Values are presented
as mean (±SD) or as percentages (n/total). Gastrointestinal symptoms covered stomach pain,
constipation, nausea, and diarrhea. * comparison between baseline and four weeks samples. §
comparison between baseline and twelve weeks samples. BMI: Body mass index. MDI: Major depressive
inventory.
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Figure 1

CONSORT �ow diagram displaying the process of recruitment and adherence to the study. 
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Figure 2

α-diversity in untreated patients with MDD and compared to healthy individuals (nonMDD). Number of
observed amplicon sequence variants (ASVs) (A, D, G), Faith’s phylogenetic diversity (B, E, H) and
Shannon diversity index (C, F, I) as compared between MDD and nonMDD (A, B, C), in-between samples of
MDD collected over time (D, E, F) and in-between samples of nonMDD collected over time (G, H, I).
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Figure 3

Changes in gut microbiota β-diversity. Bray-Curtis dissimilarity (A, D, G), weighted UniFrac (B, E, H) and
unweighted UniFrac (C, F, I) as compared between MDD and nonMDD (A, B, C), within the MDD group with
samples collected at baseline and at twelve weeks (D, E, F) and within the nonMDD group with samples
collected at baseline and at twelve weeks (G, H, I).
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Figure 4

LEfSe analysis of individual bacterial taxa changes. Cladograms (A, C, E) display the internal relationship
between bacteria signi�cantly different, while barplots (B, D, F) display LDA scores for patients with MDD
prior to pharmacological and/or cognitive antidepressant treatment vs. healthy controls (A, B), patients
with MDD samples versus twelve weeks samples (C, D) and nonMDD baseline versus twelve weeks
samples (E, F)



Page 23/25

Figure 5

Plasma in�ammatory markers signi�cantly different between the MDD and nonMDD groups. Basic
�broblast growth factor (bFGF, 5A), IL-7 (IL-7, 5B), IL-8 (5C), IL-17b (5D), macrophage-derived chemokine
(MDC, 5E) and thymus and activation-regulated chemokine (TARC, 5F) were all signi�cantly elevated in
the MDD group compared to the nonMDD group in baseline measurements. The red dashed line
represents the log2 signal intensity of the buffer control. Measurements with a signal below this cutoff
line were included in the statistical analyses.  
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Figure 6

Plasma in�ammatory markers correlate with LBP and β-diversity. The concentration of bFGF was found
to correlate positively with weighted UniFrac (6A) and negatively with unweighted UniFrac (6B). The
concentration of LBP was found to correlate positively with weighted UniFrac, sICAM-1 and SAA (6C, 6D,
and 6E, respectively) and negatively with IL-10 (6F)



Page 25/25

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

JKKGMDstudy1V1.9SupplementaryFigures.docx

https://assets.researchsquare.com/files/rs-1614058/v1/a22719f577a580628a24ee36.docx

