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AbsTrACT
background Observational studies highlight the association 
between gut microbiota (GM) composition and depression; 
however, evidence for the causal relationship between GM and 
specific depressive symptoms remains lacking.
Aims We aimed to evaluate the causal relationship between 
GM and specific depressive symptoms as well as the 
mediating role of body mass index (BMI).
Methods We performed a two- sample Mendelian 
randomisation (MR) analysis using genetic variants associated 
with GM and specific depressive symptoms from genome- 
wide association studies. The mediating role of BMI was 
subsequently explored using mediation analysis via two- step 
MR.
results MR evidence suggested the Bifidobacterium genus 
(β=–0.03; 95% CI –0.05 to –0.02; p<0.001 and β=–0.03; 
95% CI –0.05 to –0.02; p<0.001) and Actinobacteria phylum 
(β=–0.04; 95% CI –0.06 to –0.02; p<0.001 and β=–0.03; 
95% CI –0.05 to –0.03; p=0.001) had protective effects on 
both anhedonia and depressed mood. The Actinobacteria 
phylum also had protective effects on appetite changes 
(β=–0.04; 95% CI –0.06 to –0.01; p=0.005), while the 
Family XI had an antiprotective effect (β=0.03; 95% CI 0.01 
to 0.04; p<0.001). The Bifidobacteriaceae family (β=–0.01; 
95% CI –0.02 to –0.01; p=0.001) and Actinobacteria phylum 
(β=–0.02; 95% CI –0.03 to –0.01; p=0.001) showed protective 
effects against suicidality. The two- step MR analysis revealed 
that BMI also acted as a mediating moderator between the 
Actinobacteria phylum and appetite changes (mediated 
proportion, 34.42%) and that BMI partially mediated the 
effect of the Bifidobacterium genus (14.14% and 8.05%) and 
Actinobacteria phylum (13.10% and 8.31%) on both anhedonia 
and depressed mood.
Conclusions These findings suggest a potential therapeutic 
effect of Actinobacteria and Bifidobacterium on both depression 
and obesity. Further studies are required to translate these 
findings into clinical practice.

bACkground
Major depression (MD) is a common, debili-
tating and multifaceted mental disorder that 
severely limits psychosocial functioning and 

contributes significantly to the worldwide 
disease burden.1 Patients with MD exhibit 
typical symptoms, including emotional, 
physical and cognitive symptoms, yet the 
underlying mechanisms remain unknown. 
Traditionally, MD has been recognised as a 
dysfunction of brain processes; however, this 
brain- centric perspective overlooks the fact 
that the development and function of the 
nervous system are influenced by metabolic 
and immunological aspects of the body.2 The 

WHAT Is ALrEAdY knoWn on THIs ToPIC
 ⇒ Previous studies have implicated the gut microbiota 
(GM) composition in the pathogenesis of depression 
through the gut–brain axis. However, observational 
studies have yielded inconsistent findings, and no 
study has employed Mendelian randomisation to 
unveil a causal relationship between GM and spe-
cific depressive symptoms.

WHAT THIs sTudY Adds
 ⇒ Our study constitutes a significant advancement 
in the field, with primary findings suggesting that 
(1) Actinobacteria and Bifidobacterium abundance 
exhibit a protective effect against anhedonia, de-
pressed mood, appetite changes, and suicidality; 
and (2) body mass index acts as a mediator in the 
relationship between GM and anhedonia, depressed 
mood and appetite changes.

HoW THIs sTudY MIgHT AFFECT rEsEArCH, 
PrACTICE or PoLICY

 ⇒ Our findings affirm the therapeutic efficacy of 
Actinobacteria and Bifidobacterium for depression, 
particularly in individuals exhibiting predominant 
symptoms of anhedonia, depressed mood and ap-
petite changes. Furthermore, our results hint at the 
potential therapeutic advantage of probiotics for 
atypical depression or the co- occurrence of obesity 
and depression.
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human intestine comprises a complex and diverse gut 
microbiota (GM) that could regulate brain function and 
behaviour by producing or modifying metabolic, neuro-
chemical and immunological factors.3 Accumulating 
evidence implicates the GM as playing a significant role 
in the pathogenesis of MD.

Contemporary studies, most of which were cross- 
sectional, have suggested that patients with MD have 
altered species of GM compared with healthy adults, 
including an elevated abundance of phylum Actinobac-
teria, family Bifidobacteriaceae and genus Bifidobacterium 
as well as a decrease in phylum Bacteroidetes, family 
Ruminococcaceae, genus Faecalibacterium.3 4 For depres-
sive symptoms, Mason and colleagues demonstrated a link 
between a decrease in anti- inflammatory GM and MD, 
particularly with regards to anhedonia.5 Nevertheless, the 
association is unique to each study.6 Confounding factors, 
including medication, dietary and lifestyle choices as 
well as reverse causal relationships, may be responsible 
for these discrepancies, which are common limitations in 
small observational studies.6 Furthermore, inconsistent 
results could also be a consequence of the high hetero-
geneity of MD. Even though individuals may receive the 
same diagnosis of MD, their symptom profiles can vary 
significantly, and only a limited number of studies have 
found associations between specific depressive symptoms 
and GM. Importantly, understanding which group of GM 
influences one or more specific depressive symptoms may 
provide better guidance for clinical judgement regarding 
the appropriateness and type of probiotic administration 
therapy based on the patients’ symptoms.

Randomised controlled trials (RCTs) of GM are 
complex, time- consuming and costly. Therefore, it is 
essential to approach causal inference in a rational 
manner to determine if such research is potentially 
warranted. Mendelian randomisation (MR) studies have 
been widely used to assess causal relationships by using 
genetic variants as instrument variables (IVs) of modifi-
able exposures. Genetic variants are randomly allocated 
during meiosis and fertilisation, and they are determined 
before the onset of the outcome. By employing MR anal-
ysis, bias due to confounding and reverse causation, as 
described above, can be minimised.7 MR studies investi-
gating the causal relationship between GM and MD have 
shown that an increase in Bacilli class is associated with 
an elevated risk of MD, while Actinobacteria, Bifidobacte-
rium and the genus Ruminococcus1 have a protective effect 
on MD.8 Nonetheless, no MR analyses have examined the 
causal association between GM and specific depressive 
symptoms.

In summary, the highly heterogeneous nature of MD 
necessitates a focused investigation into GM and specific 
depressive symptoms. Existing cross- sectional studies 
have produced inconsistent results, and as of now, no MR 
study has delved into the causal relationship between GM 
and distinct depressive symptoms. To address this gap, we 
applied a two- sample MR analysis to evaluate the potential 
causal relationship between GM and specific depressive 

symptoms assessed by the Patient Health Questionnaire 
9 (PHQ- 9), which includes anhedonia, depressed mood, 
sleep disturbance, fatigue, appetite changes, low self- 
esteem, concentration problems, psychomotor changes 
and suicidality. Obesity is also a disease with a significant 
social burden and may contribute to the development 
of MD through increased body dissatisfaction.9 Given 
previous evidence demonstrating the contribution of 
GM to obesity,10 and the significant role of obesity in the 
development of MD, we used body mass index (BMI) as 
a mediator to investigate the mediating pathway from 
GM to MD via BMI. This study aimed to test two hypoth-
eses. First, we hypothesised that the altered abundance of 
different GM groups leads to different depressive symp-
toms. Second, we hypothesised that BMI could act as a 
mediator between GM and specific depressive symptoms.

METHods
study design overview
We used summary- level data from large genome- wide 
association studies (GWAS) and implemented a two- 
sample mediation MR approach to dissect the association 
between GM, BMI and nine specific depressive symptoms 
in PHQ- 9. Our analysis involved three main steps. First, 
we carried out two- sample MR analyses to investigate the 
causal effect of the association between GM and specific 
depressive symptoms. Second, we conducted two- sample 
MR analyses to evaluate the association between GM and 
BMI as well as the association between BMI and specific 
depressive symptoms. Finally, we employed a two- step 
mediation MR approach to ascertain the extent to which 
BMI mediates the causal association between GM and 
depressive symptoms. The flowchart of the current study 
is described in figure 1. The data sources for this study are 
detailed in online supplemental eTable 1.

data sources
Gut microbiota
Genetic instruments of the GM were derived from the 
MiBioGen GWAS summary statistics.11 This large- scale, 
multiethnic GWAS coordinated 16S ribosomal RNA gene 
sequencing profiles with genotyping data from 18 340 
people across 24 cohorts, the vast majority (n=13 266) 
of whom are of European ancestry. After adjusting for 
age, principal genetic components, technical covariates, 
sex and 5 (mono- ethnic cohorts) or 10 (multi- ethnic 
cohorts) principal components, 122 110 genetic loci 
from 211 taxa were obtained. We excluded 15 bacterial 
traits without specific species name (unknown family or 
genus), leaving 196 bacterial traits for inclusion in the 
final MR analysis (119 genera, 32 families, 20 orders, 16 
classes and 9 phyla).

Specific depressive symptoms
We used the UK Biobank GWAS summary data to assess 
depression symptoms, as measured by the PHQ- 9 in an 
online questionnaire.12 The PHQ- 9 is designed to identify 

https://dx.doi.org/10.1136/gpsych-2023-101412
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Figure 1 Overview of the study design. In this study, two analytical phases were involved. In phase 1, two- sample MR 
analyses were conducted to investigate the causal effect of the association between gut microbiota and specific depressive 
symptoms. In phase 2, a two- step mediation MR approach was used to determine the extent to which BMI mediates the 
causal association between gut microbiota and depressive symptoms. BMI, body mass index; IVs, instrument variables; MR, 
Mendelian randomisation; SNPs, single nucleotide polymorphisms.

depressive symptoms as defined by the Diagnostic and Statis-
tical Manual of Mental Disorders- IV.13 The questionnaire 
inquires if any of the nine symptoms have bothered the 
respondents in the previous 2 weeks. Responses are catego-
rised into four levels based on the frequency of symptoms. 
The Neale lab performed a GWAS for depressive symptoms 
using PHQ- 9 data that were corrected for age, age squared, 
sex, age*sex, age squared*sex, and the first 20 main compo-
nents of genotyping data. Further information about the UK 
Biobank data on specific depressive symptoms is presented in 
online supplemental eTable 2.

Body mass index
We extracted summary statistics of GWASs associated 
with BMI from the GIANT consortium, which included  
322 154 European individuals, with covariates such as 
gender, age, age squared and principal components.14 
The GWAS data do not include UK Biobank participants 
to ensure sample independence.

selection of instrumental variables
IVs were selected based on the following criteria: 
(1) the GWAS- correlated p value was set to 1×10−5 
to obtain a more comprehensive result for GM,15 
while the threshold for BMI was set to 5×10−8; 
(2) the clumping process (GM: r2<0.1, clumping 
distance=500 kb; BMI: r2<0.001, clumping 
distance=10 000 kb) was performed to assess the 
linkage disequilibrium between single- nucleotide 
polymorphisms (SNPs); (3) to prevent weak IV issues 
that could result in biased effect estimates, SNPs 
with an F statistic <10 were excluded. The F statis-

tics were calculated using the formula F=  
R2×

(
n−2

)
1−R2

 , where 
 
R2 =

2×β2×EAF×
(
1−EAF

)
2×β2×EAF×

(
1−EAF

)
+2×SE2×N×EAF×

(
1−EAF

)
 
; 

(4) when SNPs related to exposure were absent in the 
GWAS outcome data, we replaced them with proxy 
SNPs (r2>0.8) using the linkage disequilibrium proxy 
search online (https://ldlink.nci.nih.gov/) and (5) 

https://dx.doi.org/10.1136/gpsych-2023-101412
https://ldlink.nci.nih.gov/
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Figure 2 Preliminary associations between gut microbiota and specific depressive symptoms and body mass index derived 
using the inverse variance weighted method. Within the heatmap, bacterial traits are sequentially classified into five categories 
(phylum, class, order, family and genus) based on their feature level. Estimates with p<0.05 were shown in red, and those with 
p>0.05 were shown in blue.

harmonisation to exclude ambiguous and palin-
dromic SNPs. More details of the selected IVs are 
presented in online supplemental eTable 3, eTable 4.

statistical analyses
Two-sample MR
Based on the IVs selected above, we performed a two- 
sample MR analysis in R, V.4.2.2, using the TwoSampleMR 
and MRPRESSO packages. The inverse variance weighted 

(IVW) method was employed as the primary MR analysis, 
which combined the Wald ratio estimates of each SNP on 
the outcome and obtained a pooled causal estimate. The 
IVW method offers the most accurate estimates, assuming 
the validity of all SNPs, although it is susceptible to poten-
tial pleiotropic effects.16 To enhance the robustness of our 
findings, two supplementary approaches were employed 
alongside IVW: the weighted median and MR- Egger 

https://dx.doi.org/10.1136/gpsych-2023-101412
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Table 1 Mendelian randomisation results of causal effects between gut microbiome and depressive symptoms

Gut microbiota (exposure) Depressive symptoms (outcome) Number of SNPs β (95% CI) P

Genus.Bifidobacterium Anhedonia 19 –0.03 (–0.05 to –0.02) <0.001

Phylum.Actinobacteria Anhedonia 19 –0.04 (–0.06 to –0.02) <0.001

Genus.Bifidobacterium Depressed mood 19 –0.03 (–0.05 to –0.02) <0.001

Phylum.Actinobacteria Depressed mood 19 –0.03 (–0.05 to –0.03) 0.001

Family.Family XI Changes in appetite 8 0.03 (0.01 to 0.04) <0.001

Phylum.Actinobacteria Changes in appetite 19 –0.04 (–0.06 to –0.01) 0.005

Family.Bifidobacteriaceae Suicidality 20 –0.01 (–0.02 to –0.01) 0.001

Phylum.Actinobacteria Suicidality 19 –0.02 (–0.03 to –0.01) 0.001

Phylum.Cyanobacteria Concentration problems 8 0.03 (0.01 to 0.05) 0.005

Phylum.Verrucomicrobia Psychomotor changes 12 –0.03 (–0.04 to –0.01) <0.001

β, the effect size of the exposure on depressive symptoms, the effect size was derived by IVW.
IVW, inverse variance weighted; SNPs, single nucleotide polymorphisms.

methods. The weighted median method delivers consis-
tent estimates when more than 50% of the weight comes 
from valid instrument variants. In contrast, MR- Egger 
regression provides correct estimates even when all instru-
ments are invalid, but it necessitates variants to satisfy 
the instrument strength independent of direct effects 
assumption. If the IVW method yields a significant result 
without pleiotropy or heterogeneity, even if the other two 
methods do not, it can be considered a positive result, 
provided that the beta direction is consistent in all MR 
methods.17

The results were then subjected to a series of sensi-
tivity analyses. To evaluate the stability of the results, 
the potential effect of each SNP on the outcomes was 
detected using the leave- one- out approach; second, the 
Cochrane’s Q test was computed to detect heterogeneity, 
with IVs having a p value <0.05 considered heteroge-
neous. Finally, the intercept of MR- Egger and MR plei-
otropy residual sum and outlier method (MR- PRESSO) 
was used to monitor the potential horizontal pleiotropy 
effect. If pleiotropy is detected, MR analyses need to be 
repeated after removing the outliers. We did not perform 
a reverse MR analysis of GM and specific depressive symp-
toms due to a lack of validated IVs for depressive symp-
toms summary data.

In the MR analysis between GM and specific depressive 
symptoms, the Bonferroni correction was used to adjust 
for multiple comparisons at each feature level (phylum, 
class, order, family and genus), with a cut- off of p<0.05/n 
(n represents the number of bacterial traits at the corre-
sponding level).

Mediation analysis
We applied a two- step MR analysis to assess the mediating 
effect of BMI. In the first step, IVs for GM were used to 
estimate the causal effect on BMI, and in the second step, 
IVs for BMI were used to estimate the causal effect on 
depressive symptoms. The results of the first step were 
corrected using the Bonferroni correction described 

above. Subsequently, we conducted mediation analyses 
using the product of coefficient method,18 with BMI as 
the independent variable (X), GM as the mediating vari-
able (M) and MD as the dependent variable (Y). Path 
a (effect of X to M) and path b (effect of M to Y) were 
calculated by regression analysis, and then the mediating 
effect of BMI on the relationship between GM and MD 
was assessed by the product a×b. 95% CIs for indirect 
effects were computed by using the delta method.18

rEsuLTs
Associations of gM with specific depressive symptoms
The results of MR analyses investigating the associa-
tion between 196 types of GM and nine specific depres-
sive symptoms are shown in figure 2. The IVW results 
revealed several significant associations between GM 
and depressive symptoms (table 1). As for the phylum 
classifications, Actinobacteria demonstrated a protec-
tive effect against anhedonia (β=–0.04; 95% CI –0.06 to 
–0.02; p<0.001), depressed mood (β=–0.03; 95% CI –0.05 
to –0.03; p=0.001), appetite changes (β=–0.04; 95% CI 
–0.06 to –0.01; p=0.005) and suicidality (β=–0.02; 95% CI 
–0.03 to –0.01; p=0.001). Furthermore, results also indi-
cated that Cyanobacteria was a risk factor for concentra-
tion problems (β=0.03; 95% CI 0.01 to 0.05; p=0.005), 
while Verrucomicrobia demonstrated a protective effect 
against psychomotor changes (β=–0.03; 95% CI –0.04 to 
–0.01; p<0.001). In terms of family classifications, the 
host genetic- driven increase in Family XI was related to 
a higher risk of appetite changes (β=0.03; 95% CI 0.01 to 
0.04; p<0.001), whereas Bifidobacteriaceae was related to 
a lower risk of suicidality (β=–0.01; 95% CI –0.02 to –0.01; 
p=0.001). Finally, concerning genus classifications, Bifido-
bacterium showed a protective effect against anhedonia 
(β=–0.03; 95% CI –0.05 to –0.02; p<0.001) and depressed 
mood (β=–0.03; 95% CI –0.05 to –0.02; p<0.001). Scatter 
plots and forest plots of all MR analyses results with 
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significant associations between GM and depressive symp-
toms are presented in online supplemental eFigure 1. 
Notably, we found no significant associations in either the 
class or order classification.

sensitivity analysis
The sensitivity analysis was detailed in online supple-
mental eFigure 3. As complementary approaches, the 
results of the MR- Egger, weighted mode, simple mode and 
weighted median methods supported the findings from 
the IVW method, with consistent beta direction (online 
supplemental eTable 5). The Cochrane Q statistics 
revealed no significant heterogeneity across instrument 
effect (online supplemental eTable 6). Furthermore, util-
ising the MR- Egger regression intercept method and the 
MRPRESSO analysis, we observed no evidence of hori-
zontal pleiotropy for GM in depressive symptoms with 
p>0.05 (online supplemental eTable 6). The results of 
IVW were reliable in the absence of heterogeneity and 
pleiotropy. Finally, the leave- one- out results confirmed 
the data’s robustness (online supplemental eFigure 2).

Mediation analysis
Given the evidence linking obesity to both depressive 
symptoms and GM, we performed a two- step MR anal-
ysis to investigate the mediating pathway from GM to 
depressive symptoms via BMI. In the first step, we used 
genetic instruments for GM to assess the causal effect 
on the mediators, BMI. We found that the Phylum Acti-
nobacteria (β=–0.08; 95% CI –0.13 to –0.05; p<0.001), 
Class Actinobacteria (β= –0.09; 95% CI –0.13 to –0.05; 
p<0.001), Order Bifidobacteriales (β=–0.09; 95% CI –0.13 
to –0.06; p<0.001), Family Bifidobacteriaceae (β=–0.09; 
95% CI –0.13 to –0.06; p<0.001) and Genus Bifidobacterium 
(β=–0.09; 95% CI –0.13 to –0.05; p<0.001) were all nega-
tively associated with BMI, suggesting a protective effect 
against obesity (figure 2, figure 3B, online supplemental 
eTable 7 and eFigure 4). In the second step, we assessed 
the causal association between BMI and nine specific 
depressive symptoms. The genetic instruments for BMI 
indicated that higher BMI was associated with anhedonia 
(β=0.05; 95% CI 0.03 to 0.08; p<0.001), depressed mood 
(β=0.03; 95% CI 0.01 to 0.06; p=0.017), changes in appe-
tite (β=0.14; 95% CI 0.11 to 0.17; p<0.001) and feelings of 
tiredness (β=0.06; 95% CI 0.01 to 0.10; p=0.013) and inad-
equacy (β=0.03; 95% CI 0.01 to 0.16; p=0.008) (figure 3C, 
figure 3D, online supplemental eTable 8 and eFigure 5).

Finally, in conjunction with the above findings, we 
identified five mediating effects (figure 3A and table 2). 
Namely, the Phylum Actinobacteria and Genus Bifidobac-
terium could reduce the risk of anhedonia by reducing 
BMI (β=–0.01; 95% CI –0.00 to –0.01 and β=–0.01; 95% CI 
–0.00 to –0.01), with mediating percentages of 13.10% 
and 14.14%, respectively. The Phylum Actinobacteria 
and Genus Bifidobacterium could also reduce the risk of 
depressed mood by reducing BMI (β=–0.00; 95% CI 0.00 
to –0.01 and β=–0.00; 95% CI 0.00 to –0.01), with medi-
ating percentages of 8.31% and 8.05%, respectively. 

Furthermore, the Phylum Actinobacteria could reduce 
the risk of appetite changes by reducing BMI (β=–0.01; 
95% CI –0.01 to –0.02), with mediating percentages of 
34.42%.

dIsCussIon
Main findings
In this two- step mediation MR study, we first found suggestive 
evidence of causal relationships between the Bifidobacterium 
genus and Actinobacteria phylum with both anhedonia and 
depressed mood, the Family XI and Actinobacteria phylum 
with appetite changes, the Bifidobacteriaceae family and 
Actinobacteria phylum with suicidality, the Cyanobacteria 
phylum with concentration problems and the Verrucomi-
crobia phylum with psychomotor changes. In the other 
direction, our results indicated that Actinobacteria phylum, 
encompassing the Actinobacteria class, Bifidobacteriaies 
order, Bifidobacteriaceae family and Bifidobacterium genus 
could potentially alter BMI, while alterations in BMI could 
influence the risk of anhedonia, depressed mood, appetite 
changes, feelings of tiredness and inadequacy. Subsequently, 
we conducted a mediation analysis. The results illustrated that 
the effect of Bifidobacterium genus and Actinobacteria phylum 
on both anhedonia and depressed mood is partially mediated 
by BMI. BMI was also identified as a mediating moderator 
between Actinobacteria phylum and appetite changes. To 
our knowledge, this is the first MR study to dissect the casual 
relationship between GM and specific depressive symptoms 
as well as to determine the mediating role of BMI in this.

The phylum Actinobacteria is ubiquitous in nature and 
consists of three major anaerobe families (Bifidobacteriaceae, 
Propionibacteria, and Corynebacteria). Bifidobacterium, classi-
fied in the Bifidobacteriaceae family, is known for its beneficial 
effects in various pathological conditions. Our findings indi-
cate that Actinobacteria or Bifidobacterium have a protective 
effect against anhedonia, depressed mood, appetite changes, 
and suicidality. Counterintuitively, existing human observa-
tional studies have produced inconsistent findings, with the 
majority concluding that the abundance of Actinobacteria, 
including the family Bifidobacteraceae and the genus Bifido-
bacterium, is positively associated with MD or negative mood.4 19 
Only two studies support our findings, suggesting a protective 
effect of such microbiota against depression or anhedonia.5 20 
This discrepancy may be attributed to confounding factors 
in observational studies (eg, dietary composition, medica-
tion use and lifestyle) and reverse causality. In contrast, MR 
studies can minimise this bias. Nevertheless, several studies 
have demonstrated that Bifidobacterium, when administered 
as probiotics, may exhibit antidepressant effects.21 22 Notably, 
one study found that the antidepressant effect was associated 
with reduced limbic reactivity to negative emotional stimuli,22 
suggesting that Bifidobacterium may shape the brain through 
the microbiota–gut–brain axis. Furthermore, our findings 
align with an animal study showing that Bifidobacterium can 
increase brain- derived neurotrophic factor levels and prevent 
or improve depressive behaviours in mice.23 In summary, 
our findings contradict most existing clinical observational 

https://dx.doi.org/10.1136/gpsych-2023-101412
https://dx.doi.org/10.1136/gpsych-2023-101412
https://dx.doi.org/10.1136/gpsych-2023-101412
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https://dx.doi.org/10.1136/gpsych-2023-101412
https://dx.doi.org/10.1136/gpsych-2023-101412
https://dx.doi.org/10.1136/gpsych-2023-101412
https://dx.doi.org/10.1136/gpsych-2023-101412
https://dx.doi.org/10.1136/gpsych-2023-101412
https://dx.doi.org/10.1136/gpsych-2023-101412
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Figure 3 Mediation analysis of the effect of gut microbiota on depressive symptoms via BMI. (A) outlines the two- step MR 
analysis framework. Step 1 estimated the causal effect of the gut microbiota on the BMI, and step 2 assessed the causal effect 
of the BMI on depressive symptoms. ‘Direct effect’ refers to the effect of gut microbiota on depressive symptoms after adjusting 
for BMI. ‘Indirect effect’ indicates the effect of gut microbiota on depressive symptoms through BMI. (B) displays MR estimates, 
derived from the IVW method, which illustrate the effect of gut microbiota on BMI. (C) presents MR estimates, derived using 
the IVW method, which illustrate the effect of BMI on depressive symptoms. The error bars denote 95% CIs and p<0.05 is 
considered indicative of a significant association. (D) presents the scatter plot of the effect of BMI on depressive symptoms. 
BMI, body mass index; IVs, instrument variables; IVW, inverse variance weighted; MR, Mendelian randomisation; SNP, single 
nucleotide polymorphism.

studies but align with the results of human and animal probi-
otic treatments. We propose that Actinobacteria, specifically 
Bifidobacterium, may reduce the risk of depressive symptoms 
such as anhedonia, depressed mood, appetite changes and 
suicidality. In the clinical setting, Bifidobacterium has been 
investigated as a probiotic for managing MD.21 22 Our study 
not only validates its therapeutic impact on MD but also 
suggests potential benefits for specific symptoms such as 
anhedonia, depressed mood, appetite changes and suicid-
ality. Notably, these effects appear particularly pronounced in 
patients exhibiting significant depressive symptoms. Looking 

ahead, we propose a potential paradigm shift in future 
clinical practice, where depression could be stratified into 
subgroups based on specific symptoms. This stratification 
might reveal whether probiotics, specifically Bifidobacterium, 
exhibit enhanced effectiveness for subgroups with distinct 
symptoms. Consequently, our findings carry crucial impli-
cations for optimising the clinical efficacy of Bifidobacterium 
therapy.

We found that phylum Verrucomicrobia had protective 
effects on psychomotor changes, while Cyanobacteria 
were identified as risk factors for concentration problems. 
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Table 2 The mediation effect of gut microbiome on depressive symptoms via body mass index

Gut microbiota 
(exposure)

Depressive 
symptoms 
(outcome)

Total effect
β (95% CI)

Direct effect A
β (95% CI)

Direct effect B
β (95% CI)

Mediation effect
β (95% CI)

Mediated 
proportion (%)

Genus. 
Bifidobacterium

Anhedonia –0.03 (–0.05 to –0.02) –0.09 (–0.13 to –0.05) 0.05 (0.03 to 0.08) –0.01 (–0.00 to 
–0.01)

14.14

Phylum. 
Actinobacteria

Anhedonia –0.04 (–0.06 to –0.02) –0.09 (–0.13 to –0.04) 0.05 (0.03 to 0.08) –0.01 (–0.00 to 
–0.01)

13.10

Genus. 
Bifidobacterium

Depressed mood –0.03 (–0.05 to –0.02) –0.09 (–0.13 to –0.05) 0.03 (0.01 to 0.06) –0.00 (–0.00 to 
–0.01)

8.05

Phylum. 
Actinobacteria

Depressed mood –0.03 (–0.05 to –0.03) –0.09 (–0.13 to –0.04) 0.03 (0.01 to 0.06) –0.00 (–0.00 to 
–0.01)

8.31

Phylum. 
Actinobacteria

Changes in 
Appetite

–0.04 (–0.06 to –0.01) –0.09 (–0.13 to –0.04) 0.14 (0.11 to 0.17) –0.01 (–0.01 to 
–0.02)

34.42

‘Total effect’ refers the effect of gut microbiota on major depression, ‘direct effect A’ indicates the effect of gut microbiota on body mass index, 
‘direct effect B’ indicates the effect of body mass index on major depression and ‘mediation effect’ indicates the effect of gut microbiota on major 
depression through body mass index. Total effect, direct effect A and direct effect B were derived by inverse variance weighted; mediation effect was 
derived by using the delta method.

Although evidence for the association between Verru-
comicrobia and MD in humans is still lacking, Sun and 
colleagues identified that Verrucomicrobia was reduced 
in a chlorpyrifos- induced depression mouse model.24 
Furthermore, recent research has shown that Akker-
mansia muciniphila, a Verrucomicrobia next- generation 
probiotic, may reduce depressive symptoms in mice by 
modulating GM and metabolites.25 However, previous 
research contradicts our findings, indicating that Cyano-
bacteria is a beneficial bacteria capable of exerting anti-
depressant effects.26 This difference may be because 
Cyanobacteria primarily impact concentration problems, 
which alone may not be sufficient to affect the onset of 
MD. More RCTs of Cyanobacteria and specific depressive 
symptoms are, therefore, needed to clarify their func-
tions. The clinical evidence regarding the antidepressant 
effects of Verrucomicrobia, in comparison to Bifidobacte-
rium, remains insufficient. Our causal inference findings 
suggest a potential protective effect against psychomotor 
changes. Consequently, we propose exploring the trans-
lation of these insights into animal experiments to clin-
ical trials with small sample sizes. This approach could be 
particularly promising for patients with depression, espe-
cially those with prominent psychomotor changes.

The subsequent two- step mediation analysis revealed 
that an increased abundance of Actinobacteria and 
Bifidobacterium could reduce the risk of anhedonia and 
depression by decreasing BMI. Furthermore, increased 
Actinobacteria abundance may also reduce the risk of 
appetite changes by reducing BMI. In the first MR step, 
we found that the abundance of Actinobacteria and Bifido-
bacterium was negatively correlated with BMI. Consistent 
with our results, an observational study by Ignacio and 
colleagues reported a negative correlation between BMI 
and Bifidobacterium copy number.27 The second MR step 
provided evidence that a higher BMI increases the risk of 
anhedonia, depressed mood, appetite changes, feelings 
of inadequacy and tiredness. MR studies have consistently 

demonstrated that a higher BMI is associated with an 
increased risk of depression.28 Moreover, emerging 
evidence suggests that BMI correlates more strongly with 
MD symptoms labelled as ‘atypical’, including fatigue, 
excessive sleepiness, weight gain and mood reactivity.29 
Although there is sufficient clinical evidence supporting a 
correlation between obesity and depressive symptoms, the 
underlying biological mechanisms remain unclear. Our 
findings suggest that decreased abundance of Actinobac-
teria and Bifidobacterium elevates the risk of obesity and 
depressive symptoms, and that BMI mediates the causal 
relationship between GM and anhedonia, depressed 
mood and appetite changes, although the indirect effect 
was less pronounced than the total effect. Both MD and 
obesity are major contributors to the global burden of 
disease. Our results confirm that Actinobacteria, espe-
cially Bifidobacterium, may be protective against both 
diseases. In future clinical research, the efficacy of Bifido-
bacterium for both disorders can be further observed in 
patients with MD characterised by ‘atypical’ symptoms or 
MD comorbid obesity, which is suggestive for optimising 
the efficacy of MD treatment.

Limitations
There are several limitations that need to be empha-
sised. First, the data on depressive symptoms used in 
this study do not differentiate between the general 
population and patients with MD. In fact, depressive 
symptoms in these two populations may exist on a 
continuum or have different underlaying mechanisms 
and implications. This may have affected the scalability 
of our findings in patients with MD. Therefore, even 
if our results demonstrate a potential therapeutic 
role of probiotics for depression, future MR analyses 
and RCTs specifically targeting patients with MD are 
needed to validate the robustness of our findings. Addi-
tionally, it is crucial to highlight that the GWAS data 
primarily involved participants of European descent. 
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Consequently, potential interference from popula-
tion stratification should be considered. The findings 
may not fully extend to individuals of non- European 
ancestry, posing a challenge to the scalability of our 
results. Despite substantial evidence linking higher 
BMI to elevated depression rates in individuals of Euro-
pean descent, a recent MR study indicates an inverse 
correlation between BMI and depression in those of 
East Asian ancestry.30 However, the limited data avail-
able have left the association between GM and MD 
unexplored in diverse ancestral populations. Hence, it 
is imperative to independently validate our results in 
cohorts representing various ethnicities.

Implications
This two- sample MR study provides a comprehen-
sive investigation into the association between GM, 
BMI and specific depressive symptoms using large 
GWAS data. Our primary findings demonstrate a 
protective association between the abundance of 
Actinobacteria and Bifidobacterium and a lower risk of 
anhedonia, depressed mood, appetite changes and 
suicidality. Furthermore, BMI mediated the effect 
between GM and anhedonia, depressed mood and 
appetite changes. The implications of our findings 
extend to the potential therapeutic role of probi-
otics in addressing depression, offering a simulta-
neous impact on both depression and obesity, two 
conditions imposing a substantial societal burden. 
However, it is crucial to note that further validation 
through replication in diverse populations and large- 
scale RCTs is imperative before considering clinical 
implementation.
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