Guo et al. Nutrition Journal (2024) 23:133 Nutrition Journal
https://doi.org/10.1186/512937-024-01038-9

Breakfast skipping is linked to a higher risk @
of major depressive disorder and the role

of gut microbes: a mendelian randomization

study

Xingzhi Guo'?", Wei Li%, Chen Hou' and Rui Li"*

Abstract

Background Observational studies have indicated that breakfast skipping and gut microbiome dysbiosis are
associated with a higher risk of major depressive disorder (MDD). However, it remains unknown whether the alteration
of gut microbes is implicated in the associations between breakfast skipping and MDD.

Methods Leveraging genome-wide association studies (GWAS) on breakfast skipping, gut microbes, and MDD, we
conducted a two-step Mendelian randomization (MR) study to determine the causal associations between breakfast
skipping (N=193,860) and MDD (N=1,815,091), and evaluate the role of gut microbes (N=18,340). Genetic variants
with a P-value less than 5E-08 were selected as instrumental variables (IVs). The false discovery rate (FDR) method was
employed to correct the P-values for multiple tests in gut microbes.

Results Breakfast skipping was associated with an increased risk of MDD (odds ratio [OR]=1.36, 95%Cl=1.12-1.65,
P=0.002), but no effect of MDD on breakfast skipping was observed (3 per doubling odds of MDD =-0.001, 95%Cl=-
0.024 t0 0.023, P=0.957). After adjusting for multiple comparisons, the MR analysis provided little evidence for an
association between breakfast skipping and the abundance of any gut microbes (Pgpg>0.05). Among the 21 gut
microbes with IVs available, only the abundance of Class Actinobacteria was causally associated with a reduced risk of
MDD (OR=0.85, 95%C|=0.75-0.97, Pp=0.015).

Conclusions Our findings demonstrated that breakfast skipping was associated with an increased risk of MDD,
but provided little evidence supporting the role of the abundance of gut microbes in it. Further efforts with a large
sample size are warranted to clarify the findings.
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Introduction

Major depressive disorder (MDD) is a prevalent men-
tal health condition that affects a substantial portion of
the global population [1, 2]. It causes pain for the indi-
vidual, lowers quality of life, and places a heavy strain on
healthcare systems [3]. Thus, identifying the risk factors
and underlying mechanisms contributing to the develop-
ment of MDD is crucial for effective prevention of MDD.
Dietary behaviors have been identified as modifiable fac-
tors that influence gut microbial composition and subse-
quently impact mental health [4]. One prevalent dietary
behavior of interest is breakfast skipping, characterized
by omitting the morning meal [5]. Breakfast skipping has
been associated with an increased risk of MDD [6-8], but
the underlying mechanisms linking breakfast skipping to
MDD risk remain poorly understood.

In recent years, there has been a growing recognition
of the bidirectional communication between the gut
microbiota and the brain, known as the gut-brain axis [9,
10]. The gut microbiota, a diverse community of micro-
organisms residing in the gastrointestinal tract, has been
implicated in various aspects of mental health [11, 12].
It is reported that alterations in gut microbial composi-
tion have been associated with the susceptibility to MDD
[13-15]. Previous studies showed that gut microbes were
able to influence various physiological processes, includ-
ing neurotransmitter production, immune response, and
inflammation, all of which are implicated in the devel-
opment and progression of MDD [16, 17]. Given that
dietary behavior plays a vital role in regulating gut micro-
biota composition, we hypothesize that gut microbes
may mediate the relationship between breakfast skip-
ping and MDD risk. Therefore, investigating the role of
gut microbial composition in linking breakfast skipping
and MDD risk is of great interest, which will contribute
to the understanding of the mechanisms underlying the
association between dietary behaviors, gut microbes, and
mental health outcomes.

To explore the above hypothesis, we employed a Men-
delian randomization (MR) study design, which allows
for causal inference by leveraging genetic variants as
instrumental variables (IVs) [18]. The use of MR reduces
confounding and reverse causation biases that commonly
occur in observational studies [18]. By utilizing IVs asso-
ciated with breakfast skipping, gut microbes, and MDD,
we aimed to evaluate the causal effect of breakfast skip-
ping on MDD risk and explore the role of gut microbial
composition in it.

Methods

Study design and data collection

This study employed a MR design to investigate the
causal relationship between breakfast skipping, gut
microbial composition, and the risk of MDD in the
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European population. The MR analysis adhered to the
STROBE-MR guideline for the MR study (Additional file
1) [19, 20]. MR utilizes genetic variants randomly allo-
cated to offspring as IVs to estimate the causal effect of an
exposure on an outcome, minimizing biases introduced
by confounding and reverse causation [18]. Summary-
level data on breakfast skipping, MDD, and gut microbial
abundance were obtained from the latest published large-
scale population-based genome-wide association stud-
ies (GWAS) (Additional file 2: Table S1). The summary
statistics of breakfast skipping frequency were from the
latest GWAS based on the UK Biobank participants of
European descent (N=193,860) [21]. Breakfast skipping
was assessed using self-report questionnaires according
to their reported frequency of breakfast cereal consump-
tion through the use of the Oxford WebQ, a web-based
24-hour diet recall [21]. Briefly, participants were asked if
they ate any breakfast cereal the previous day. Responses
were categorized as “breakfast skipping” if always “No’,
“sometimes breakfast skipping” if sometimes “Yes”, and
“breakfast consumers” if always “Yes” Summary-level
data on MDD was from the latest GWAS meta-analysis
by the Psychiatric Genomics Consortium (PGC) with up
to 1,815,091 individuals of multiple ancestries [22]. The
diagnosis of MDD was determined using the Diagnostic
and Statistical Manual of Mental Disorders (DSM) crite-
ria. For gut microbiome composition, the summary sta-
tistics were from the GWAS meta-analysis on 24 cohorts
by MiBioGen consortium with 18,340 individuals of mul-
tiple ancestries with 13,266 Europeans [23]. Gut micro-
bial abundance was assessed through the collection and
analysis of fecal samples via sequencing of microbial 16 S
rRNA regions [23].

Genetic instrumentation selection

Single nucleotide polymorphisms (SNPs) associated with
breakfast skipping, MDD, and gut microbes were identi-
fied from GWAS and used as IVs in this MR analysis. As
we previously described [24], three assumptions should
be fulfilled for the selected IVs (Fig. 1): (1) I'Vs are asso-
ciated with breakfast skipping, MDD, and gut microbes
(P<5E-08) (Relevance assumption); (2) there are no
common causes or confounders of the IVs and outcome
(Independence assumption); (3) IVs are not associated
with outcome independent of the exposure (Exclusivity
assumption). Additionally, to achieve a sufficient num-
ber of IVs for gut microbes, we also set the threshold to
5E-06 for selecting IVs associated with gut microbes as
a complementary sensitivity analysis. IVs were clumped
according to the 1000 Genomes Project linkage dis-
equilibrium (LD) structure (r><0.01 within 1000 kb,
European). Moreover, an SNP absent in corresponding
GWAS summary statistics would be replaced with an
overlapping proxy SNP in LD (r?=0.8). Finally, the Steiger
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Fig. 1 The flowchart for this Mendelian randomization analysis. Two-sample Mendelian randomization (MR) analysis assesses the effect of breakfast skip-
ping on MDD (A). Two-step Mendelian randomization (TSMR) evaluates the effect of breakfast skipping on gut microbes (Step 1) and the effect of gut
microbes on major depressive disorder (MDD) (Step 2) (B). Red signs mean that genetic variants are not associated with confounders and outcomes. LD,

linkage disequilibrium

filtering test was also conducted to identify the SNPs
explaining more variance in the outcome than the expo-
sure, which were removed from the IVs. The F-statistic
was calculated for each SNP, with values less than 10
indicating weak instrumentality. Meanwhile, palindromic
SNPs with intermediate allele frequencies were removed
during the harmonization stage. Detailed information on
the IVs corresponding to each exposure (breakfast skip-
ping, MDD, and gut microbes) is provided in Additional
file 2: Table S2.

Mendelian randomization analysis

The MR analysis was conducted to estimate the causal
effect of breakfast skipping on the risk of MDD and eval-
uate the potential role of gut microbial composition. We
performed a two-step MR (TSMR) analysis as follows: (1)
estimation of the associations between breakfast skip-
ping and MDD using bidirectional MR; (2) estimation of
the causal effect of breakfast skipping on gut microbes;
(3) estimation of the associations between gut microbes
and MDD (Fig. 1). The inverse variance weighted (IVW)

or Wald ratio method was used as the main analytical
approach to assess the causal estimates. The effect size,
including odd ratio (OR) for binary outcome (MDD) and
B coefficients for continuous outcome (gut microbes and
breakfast skipping), represented the change in the out-
come per standard deviation (SD) or unit increase in the
corresponding exposure. As described previously [25], to
interpret the findings from the binary exposure (MDD),
the original MR estimates were multiplied by 0.693
(log.2) to represent the change in breakfast skipping per
doubling of the odds of MDD. To evaluate the robustness
of the estimates, we conducted various sensitivity analy-
ses using other methods, including MR-Egger, weighted
median, and weight mode. Leave-one-out analysis was
performed to evaluate the robustness of MR results by
sequentially removing one SNP at a time. MR-Pleiot-
ropy RESidual Sum and Outlier (MR-PRESSO) test and
MR-Egger intercept test were employed to identify the
outliers and evaluate the potential pleiotropic effects of
the IVs [26, 27]. The Cochran Q test was performed to
assess the heterogeneity. Additionally, since datasets for
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both breakfast skipping and MDD had samples from the
UK Biobank, there was the possibility of sample overlap
between breakfast skipping and MDD, which may raise
the risk of overfitting bias [28, 29]. Thus, we also used
the MR for causal inference accounting for pleiotropy
and sample structure (MR-APSS) approach [30], which
took sample overlap and population structure into con-
sideration in two-sample MR analysis, to re-estimate the
causal effect of breakfast skipping on MDD. The Men-
delian randomization analysis was conducted using the
TwoSampleMR package (version 0.5.7) and MR-APSS
(version 0.0.0.9) in R software (version 4.3.2) [31]. To
account for multiple comparisons in gut microbes, the
false discovery rate (FDR) method was utilized to adjust
the P-values for each taxonomic level.

Results

Using the P-value threshold of 5E-08, there were six
IVs available for breakfast skipping as exposure. Using
the IVW method, higher breakfast skipping frequency
was associated with an increased risk of MDD (odds
ratio [OR] per unit increase=1.36, 95%CI=1.12-1.65,
P=0.002). Similar results with the same trend were
obtained using other approaches (Fig. 2A), but little evi-
dence for a causal effect of MDD on breakfast skipping
was observed (B per doubling odds of MDD=-0.001,
95%CI=-0.024 to 0.023, P=0.957) (Fig. 2B), as illustrated
in the scatter plot (Fig. 3A, B). Leave-one-out analysis
showed that no single SNP was driving the estimated
bias between breakfast skipping and MDD (Fig. 3C, D).
There were no heterogeneity, pleiotropy, and outliers
observed in the Cochran Q test, MR-Egger intercept,
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and MR-PRESSO RSSobs test between breakfast skip-
ping and MDD, but heterogeneity and outliers were
found between MDD and breakfast skipping (Table 1).
The MR-PRESSO test consistently showed that there was
little evidence for a causal effect of MDD on breakfast
skipping after correcting outliers ( per doubling odds of
MDD=0.005, 95%CI=-0.017 to 0.028, P=0.629). Due to
potential sample overlap (UK Biobank) between break-
fast skipping and MDD, we used the MR-APSS approach
to re-estimate the causal effect of breakfast skipping on
MDD, showing that breakfast skipping remained asso-
ciated with an increased risk of MDD (OR per unit
increase=1.16, 95%CI=1.09-1.23, P=0.012). However,
the MR-APSS result was attenuated compared to the
main finding using the IVW approach.

For the associations between breakfast skipping and gut
microbes, our data showed that breakfast skipping was
not associated with the abundance of any gut microbes
after adjusting for multiple tests (Pppp>0.05). The gut
microbes with raw P-value less than 0.1 for MR esti-
mates were Phylum Verrucomicrobia (p=0.87, 95%Cl=-
0.04-1.78, P.,=0.061), Class Negativicutes (B=0.58,
95%CI=-0.003 to 1.17, P,,,,=0.051), Order Selenomonad-
ales (=0.58, 95%CI=-0.003 to 1.17, P,,,=0.051), Genus
ErysipelotrichaceaellCG003 (B=-0.71, 95%CI=-1.36 to
-0.06, P,,,=0.031), and Genus RuminococcaceaellCG004
(p=0.67, 95%CI=-0.07 to 1.42, P=0.076) (Fig. 4A). Full
details on the causal estimates between breakfast skip-
ping and all gut microbes with different approaches were
presented in Additional file 2: Table S3. There were no
heterogeneity, pleiotropy, and outliers observed in the
Cochran Q test, MR-Egger intercept, and MR-PRESSO
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17
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Fig. 2 Bi-directional Mendelian randomization analysis between breakfast skipping and major depressive disorder. Using a P-value threshold of 5E-08,
genetic predisposition to higher breakfast skipping frequency was associated with an increased major depressive disorder (MDD) (A). OR represented the
risk change of MDD per unit increase in breakfast skipping. However, MDD was not linked with the susceptibility to breakfast skipping (B). Beta () coef-
ficients represented the change in breakfast skipping per doubling odds of MDD. SNP, single nucleotide polymorphism; N, number
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Fig. 3 Scatter plots and leave-one-out plots for Mendelian randomization analysis between breakfast skipping and major depressive disorder. Bi-direc-
tional Mendelian randomization (MR) analysis using IVW, weighted median, weighted mode, and MR-Egger to evaluate the causal relationship between
breakfast skipping and MDD. A showed the SNPs'effect on breakfast skipping and major depressive disorder (MDD). B showed the SNPs'effect on MDD
and breakfast skipping. Leave-one-out analysis plots for breakfast skipping on MDD (C) and MDD on breakfast skipping (D). SNP, single nucleotide poly-
morphism; IVW, inverse-variance weighted; MR, Mendelian randomization
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Table 1 Pleiotropy and heterogeneity analysis for breakfast skipping and major depressive disorder

Exposure Outcome SNP (N) CochranQ (P) Intercept-Egger (P)  MR-PRESSO RSSobs (P)
MR-Egger VW

Breakfast skipping Major depressive disorder 6 3.20(0.524) 3.58(0.611) -0.005 (0.573) 4.83 (0.647)

Major depressive disorder  Breakfast skipping 50 6867 (0.027) 74.22(0.012) 0.004 (0.054) 77.74(0.012)

Note MR_PRESSO, Mendelian Randomization Pleiotropy RESidual Sum and Outlier; SNP, single nucleotide polymorphism; P, P value; N, number
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Fig. 4 Causal effects of breakfast skipping on gut microbe and gut microbes on major depressive disorder. A showed the causal effect of breakfast skip-
ping on the abundance of five gut microbes with a P value less than 0.1. Beta ((3) coefficients represented the change in gut microbes per unit increase in
breakfast skipping. B showed the causal effect of the abundance of 3 gut microbes on the risk of major depressive disorder (MDD) with a P value less than
0.1. OR represented the risk change of MDD per standard deviation (SD) increase in corresponding gut microbes. SNP, single nucleotide polymorphism;

OR, odds ratio; FDR, false discovery rate; N, number

RSSobs test between breakfast skipping and gut microbes
(Additional file 2: Table S4).

For the associations between gut microbes and MDD,
there were 21 gut microbes with IVs available passing
the genome-wide threshold (P<5E-08). Among them,
only bacteria within Class Actinobacteria were associated
with a decreased risk of MDD (OR per SD increase=0.85,
95%C1=0.75-0.97, Pppr=0.015) (Fig. 4B). There were
two other gut microbes, including Phylum Actinobac-
teria (OR per SD increase=0.82, 95%CI=0.67-1.01,
P,.,=0.059) and Genus RuminococcaceaellCG013 (OR
per SD increase=0.84, 95%CI=0.74-0.96, P,,,=0.010),
with a raw P-value less than 0.1 for MR estimates
(Fig. 4B). Completed information on the causal estimates
between all gut microbes and MDD was provided in
Additional file 2: Table S5. Due to having less than four
IVs available for each gut microbe, the MR-PRESSO
RSSobs test and MR-Egger intercept test were not per-
formed (Additional file 2: Table S6). Except for Class Acti-
nobacteria, there was potential heterogeneity observed
in the Cochran Q test (Additional file 2: Table S6). The
sensitivity MR analysis using P<5E-06 as the threshold
showed that none of the 21 gut microbes were associated
with the risk of MDD (Additional file 3: Figure S1).

Discussion

The relationship between either breakfast skipping or gut
microbes and MDD has been widely explored, but the
interactive effect of breakfast skipping and gut microbes
on MDD remained largely unknown. The present MR
study showed that breakfast skipping was associated with
an increased risk of MDD, but did not find a potential
role of gut microbes in it.

Numerous observational studies have indicated that
breakfast skipping was associated with depressive symp-
toms and a higher risk of mood disorders [7, 32-35].
Consistently, an MR investigation by Dashti et al. showed
that breakfast skipping was causally associated with
depressive symptoms, such as frequent feelings of disin-
terest and depression/hopelessness experienced in the
past two weeks [21, 36]. MDD, on the other hand, is a
clinical diagnosis characterized by a persistent and severe
form of depression, typically involving more than five
depressive symptoms that cause significant distress or
impairment, lasting for at least two weeks [22]. However,
the causal association between breakfast skipping and
MDD was not well determined. Moreover, since patients
with MDD might had lower appetite for food intake, it
remained unknown whether the association between
breakfast skipping on MDD resulted from reverse cau-
sation [37, 38]. Our bidirectional MR analysis demon-
strated a causal effect of breakfast skipping on the risk of
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MDD, but not MDD on breakfast skipping. These find-
ings indicate the impact of breakfast skipping on MDD
was not due to reverse causation and eating breakfast
could reduce the risk of MDD.

Our MR study showed that breakfast skipping was
not associated with the abundance of gut microbes
after adjustment of multiple comparisons. However,
it is worth noting that the results of this MR study
showed that breakfast skipping was potentially linked
to a reduced abundance of Genus Erysipelotrichace-
aellCG003 (Praw=0.031), which belongs to the Family
Erysipelotrichaceae. Previous studies have indicated that
Family Erysipelotrichaceae was implicated in gastroin-
testinal inflammation-related disorders, such as inflam-
matory bowel diseases (IBD) and dysbiosis [39], which
was tightly associated with the risk of depression [40,
41]. However, due to no IVs available for Genus Erysip-
elotrichaceaellCG003, we could not determine its causal
effect on the risk of MDD in this MR study. Future stud-
ies should focus on longitudinal investigations and exper-
imental models to establish causal relationships between
them.

The results of this MR study showed that Class Acti-
nobacteria was the only one causally associated with
a decreased risk of MDD, which was consistent with
the findings from a previous MR study using a different
GWAS dataset on MDD [14]. Indeed, a recent cross-sec-
tional study indicated that the abundance of Class Acti-
nobacteria was negatively associated with the severity of
depression [42]. Although there was little evidence for a
causal effect of breakfast skipping on Class Actinobacte-
ria, the MR estimates showed that breakfast skipping was
linked to a reduced abundance of Class Actinobacteria.
These findings suggest that Class Actinobacteria might
be also implicated in the impact of breakfast skipping on
MDD. Thus, further gut microbiome GWAS with larger
sample sizes are encouraged to validate the effect of Class
Actinobacteria and Genus ErysipelotrichaceaellCG003
on MDD and delineate the specific mechanisms by which
they might contribute to the effect of breakfast skipping
on MDD pathophysiology.

Some potential limitations should be addressed here.
First, there were only 211 gut microbes at different tax-
onomy levels with summary-level data available in the
GWAS from the MiBioGen consortium, we are not able
to investigate the causal effect of breakfast skipping on
other gut microbes. Second, since only 21 gut microbes
with IVs passed a genome-wide P-value threshold
(P<5e-08), the role of other gut microbes in MDD was
not analyzed in this MR study. Studies with larger sam-
ple sizes are warranted to further determine the associa-
tion between gut microbes and MDD. Third, the results
of sensitivity analysis using a lenient P-value threshold
of 5E-06 for gut microbes did not replicate the findings
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in the main analysis using 5E-08 as the threshold. The
potential reasons contributed to the above inconsistent
findings might be due to the violation of the relevance
and exclusivity assumption for the MR study when using
P<5E-06 as the threshold. Fourth, there might be sam-
ple overlapping between breakfast skipping and MDD.
Despite the results from the MR-APSS approach con-
sistently showing that breakfast skipping was associated
with an increased risk of MDD, we could not fully exclude
the risk of overfitting bias due to the sample overlapping.
Fifth, it is worth noting that breakfast skipping defined
in the original GWAS by Dashti et al. primarily captured
the behavior of skipping breakfast cereal. Since breakfast
cereal consumption is not a common practice across cul-
tures, relying on this proxy may introduce bias and limit
the generalizability of the findings to diverse populations.
Finally, since the findings of this MR study are based on
samples from multiple ancestries for gut microbes and
MDD, the genetic differences between populations might
lead to population stratification and heterogeneous asso-
ciations, which might confound the results. Thus, it still
needs to further validate the above association in specific
racial groups.

In conclusion, the present MR investigation shows that
breakfast skipping causally increases the risk of MDD.
However, combining the current GWAS data on human
gut microbiome, our findings do not observe a poten-
tial role of intestinal microbes in the impact of breakfast
skipping on the susceptibility to MDD. Further research
with larger sample sizes is warranted to validate the role
of gut microbes in linking breakfast skipping and MDD.

Abbreviations

DSM Diagnostic and Statistical Manual of Mental Disorders
FDR False Discovery Rate

GWAS Genome-Wide Association Studies

1BD Inflammatory Bowel Diseases

VW Inverse Variance Weighted

IVs Instrumental Variables

LD Linkage Disequilibrium

MDD Major Depressive Disorder

METTL4 Methyltransferase Like 4

MR Mendelian Randomization

MR-PRESSO  MR-Pleiotropy RESidual Sum and Outlier
OR Odds Ratio

PGC Psychiatric Genomics Consortium

SNPs Single Nucleotide Polymorphisms
TSMR Two-step Mendelian Randomization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512937-024-01038-9.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3



https://doi.org/10.1186/s12937-024-01038-9
https://doi.org/10.1186/s12937-024-01038-9

Guo et al. Nutrition Journal (2024) 23:133

Acknowledgements
The authors acknowledge all the participants, researchers, and consortia who
contributed to this study.

Author contributions

XG, WL, and RL conceived and designed the study. XG, WL, and CH collected
and analyzed the data. XG and WL drafted the manuscript. RL revised the
manuscript. All authors reviewed and approved the final manuscript.

Funding

This work was supported by the Shaanxi Provincial Traditional Chinese
Medicine Administration “Double Chain Integration” Middle Youth Research
and Innovation Team Project (2022-SLRH-LJ-007). The funding agency had no
role in the design, execution, or interpretation of this study.

Data availability

The GWAS summary statistics data of breakfast skipping, gut microbes, and
major depressive disorder used in this study are all publicly available. All R
scripts used in the MR analysis are available from the authors upon request.

Declarations

Ethical approval

There were no patients directly involved in the overall process of our study.
This study was performed based on publicly available data and no ethical
approval was required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 October 2023 / Accepted: 23 October 2024
Published online: 28 October 2024

References

1. LiuQ HeH,Yang J, Feng X, Zhao F, Lyu J. <ArticleTitle
Language="En">Changes in the global burden of depression from 1990
to 2017: findings from the Global Burden of Disease study. J Psychiatr Res.
2020;126:134-40.

2. Herrman H, Patel V, Kieling C, Berk M, Buchweitz C, Cuijpers P, Furukawa
TA, Kessler RC, Kohrt BA, Maj M, et al. Time for united action on depres-
sion: a Lancet-World Psychiatric Association Commission. Lancet.
2022;399(10328):957-1022.

3. Greenberg PE, Fournier AA, Sisitsky T, Simes M, Berman R, Koenigsberg SH,
Kessler RC. The Economic Burden of Adults with Major Depressive Disorder in
the United States (2010 and 2018). PharmacoEconomics. 2021;39(6):653-65.

4. Bremner JD, Moazzami K, Wittbrodt MT, Nye JA, Lima BB, Gillespie CF,
Rapaport MH, Pearce BD, Shah AJ, Vaccarino V. Diet, Stress and Mental Health.
Nutrients 2020, 12(8).

5. Alfaris NA, Alshwaiyat NM, Alkhalidy H, Alagal RI, AlTamimi JZ, AlKehayez NM.
Breakfast Skipping in a Multi-Ethnic Population of Middle-Aged Men and
Relationship With Sociodemographic Variables and Weight Status. Front Nutr.
2021;8:761383.

6. RenZ CaoJ,Cheng P ShiD, Cao B, Yang G, Liang S, Du F, Su N, Yu M et al.
Association between Breakfast Consumption and Depressive Symptoms
among Chinese College Students: A Cross-Sectional and Prospective Cohort
Study. Int J Environ Res Public Health 2020, 17(5).

7. LeeYS, Kim TH. Household food insecurity and breakfast skipping: Their
association with depressive symptoms. Psychiatry Res. 2019,271:83-8.

8. ZahediH, Djalalinia S, Sadeghi O, Zare Garizi F, Asayesh H, Payab M, Zarei
M, Qorbani M. Breakfast consumption and mental health: a system-
atic review and meta-analysis of observational studies. Nutr Neurosci.
2022,25(6):1250-64.

9. Margolis KG, Cryan JF, Mayer EA. The Microbiota-Gut-Brain Axis: From Motility
to Mood. Gastroenterology. 2021;160(5):1486-501.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 8 of 9

Cryan JF, O'Riordan KJ, Cowan CSM, Sandhu KV, Bastiaanssen TFS, Boehme
M, Codagnone MG, Cussotto S, Fulling C, Golubeva AV, et al. The Microbiota-
Gut-Brain Axis. Physiol Rev. 2019,99(4):1877-2013.

Socata K, Doboszewska U, Szopa A, Serefko A, Whodarczyk M, Zielinska A,
Poleszak E, Fichna J, WlaZ P. The role of microbiota-gut-brain axis in neuropsy-
chiatric and neurological disorders. Pharmacol Res. 2021;172:105840.

Liu L, Huh JR, Shah K. Microbiota and the gut-brain-axis: Implications for new
therapeutic design in the CNS. EBioMedicine. 2022;77:103908.

McGuinness AJ, Davis JA, Dawson SL, Loughman A, Collier F, O'Hely M, Simp-
son CA, Green J, Marx W, Hair C, et al. A systematic review of gut microbiota
composition in observational studies of major depressive disorder, bipolar
disorder and schizophrenia. Mol Psychiatry. 2022,27(4):1920-35.

Chen M, Xie CR, ShiYZ, Tang TC, Zheng H. Gut microbiota and major depres-
sive disorder: A bidirectional Mendelian randomization. J Affect Disord.
2022;316:187-93.

Amin N, Liu J, Bonnechere B, MahmoudianDehkordi S, Arnold M, Batra R,
Chiou YJ, Fernandes M, lkram MA, Kraaij R, et al. Interplay of Metabolome and
Gut Microbiome in Individuals With Major Depressive Disorder vs Control
Individuals. JAMA Psychiatry. 2023;80(6):597-609.

Foster JA, Baker GB, Dursun SM. The Relationship Between the Gut Microbi-
ome-Immune System-Brain Axis and Major Depressive Disorder. Front Neurol.
2021;12:721126.

ChenY, Xu J, Chen Y. Regulation of Neurotransmitters by the Gut Microbiota
and Effects on Cognition in Neurological Disorders. Nutrients 2021, 13(6).
Sanderson E, Glymour MM, Holmes MV, Kang H, Morrison J, Munafo MR, et al.
Mendelian randomization. Nat Rev Methods Primers. 2022;2:6.

Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swan-
son SA, VanderWeele TJ, Higgins JPT, Timpson NJ, Dimou N, et al. Strengthen-
ing the Reporting of Observational Studies in Epidemiology Using Mendelian
Randomization: The STROBE-MR Statement. JAMA. 2021:326(16):1614-21.
Skrivankova VW, Richmond RC, Woolf BAR, Davies NM, Swanson SA,
VanderWeele TJ, Timpson NJ, Higgins JPT, Dimou N, Langenberg C, et al.
Strengthening the reporting of observational studies in epidemiology using
mendelian randomisation (STROBE-MR): explanation and elaboration. BMJ.
2021;375:n2233.

Dashti HS, Merino J, Lane JM, Song Y, Smith CE, Tanaka T, McKeown

NM, Tucker C, Sun D, Bartz TM, et al. Genome-wide association study of
breakfast skipping links clock regulation with food timing. Am J Clin Nutr.
2019;110(2):473-84.

Meng X, Navoly G, Giannakopoulou O, Levey DF, Koller D, Pathak GA, Koen N,
Lin K, Adams MJ, Renteria ME, et al. Multi-ancestry genome-wide association
study of major depression aids locus discovery, fine mapping, gene prioritiza-
tion and causal inference. Nat Genet. 2024;56(2):222-33.

Kurilshikov A, Medina-Gomez C, Bacigalupe R, Radjabzadeh D, Wang J,
Demirkan A, Le Roy Cl, Raygoza Garay JA, Finnicum CT, Liu X, et al. Large-scale
association analyses identify host factors influencing human gut microbiome
composition. Nat Genet. 2021;53(2):156-65.

Guo X, Tang P, Hou C, Li R. Mendelian randomization investigation highlights
different roles of selenium status in mental disorders. Prog Neuropsychophar-
macol Biol Psychiatry. 2023;122:110694.

Burgess S, Labrecque JA. Mendelian randomization with a binary exposure
variable: interpretation and presentation of causal estimates. Eur J Epidemiol.
2018;33(10):947-52.

Burgess S, Thompson SG. Interpreting findings from Mendelian randomiza-
tion using the MR-Egger method. Eur J Epidemiol. 2017;32(5):377-89.
Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from Mendelian randomization
between complex traits and diseases. Nat Genet. 2018;50(5):693-8.

Burgess S, Davies NM, Thompson SG. Bias due to participant overlap in two-
sample Mendelian randomization. Genet Epidemiol. 2016;40(7):597-608.
Burgess S, Davey Smith G, Davies NM, Dudbridge F, Gill D, Glymour MM,
Hartwig FP, Kutalik Z, Holmes MV, Minelli C, et al. Guidelines for performing
Mendelian randomization investigations: update for summer 2023. Wellcome
Open Res. 2019;4:186.

Hu X, Zhao J, Lin Z, Wang Y, Peng H, Zhao H, Wan X, Yang C. Mendelian
randomization for causal inference accounting for pleiotropy and sample
structure using genome-wide summary statistics. Proc Natl Acad Sci U S A.
2022;119(28):22106858119.

Hemani G, Zheng J, Elsworth B, Wade KH, Haberland V, Baird D, et al. The
MR-base platform supports systematic causal inference across the human
phenome. Elife. 2018;7:234408.



Guo et al. Nutrition Journal

32.

33.

34.

35.

36.

37.

(2024) 23:133

Pengpid S, Peltzer K. Skipping Breakfast and Its Association with Health Risk
Behaviour and Mental Health Among University Students in 28 Countries.
Diabetes Metab Syndr Obes. 2020;13:2889-97.

Liu BP, Fang HJ, Jia CX. The Serial Mediation of the Association between
Breakfast Skipping and Suicidality by Weight Status and Depressive Symp-
toms: Findings from the National Youth Risk Behavior Surveys of the United
States. Nutrients 2022, 14(5).

Miki T, Eguchi M, Kuwahara K, KochiT, Akter S, Kashino |, Hu H, Kurotani K,
Kabe I, Kawakami N, et al. Breakfast consumption and the risk of depres-
sive symptoms: The Furukawa Nutrition and Health Study. Psychiatry Res.
2019,273:551-8.

Wilson JE, Blizzard L, Gall SL, Magnussen CG, Oddy WH, Dwyer T, Sanderson
K, Venn AJ, Smith KJ. An eating pattern characterised by skipped or delayed
breakfast is associated with mood disorders among an Australian adult
cohort. Psychol Med. 2020;50(16):2711-21.

Okbay A, Baselmans BM, De Neve JE, Turley P, Nivard MG, Fontana MA, Med-
dens SF, Linnér RK, Rietveld CA, Derringer J, et al. Genetic variants associated
with subjective well-being, depressive symptoms, and neuroticism identified
through genome-wide analyses. Nat Genet. 2016;48(6):624-33.

Allgéwer A, Wardle J, Steptoe A. Depressive symptoms, social support,

and personal health behaviors in young men and women. Health Psychol.
2001,20(3):223-7.

38.

39.

40.

41.

42.

Page 9 of 9

Fulkerson JA, Sherwood NE, Perry CL, Neumark-Sztainer D, Story M. Depres-
sive symptoms and adolescent eating and health behaviors: a multifaceted
view in a population-based sample. Prev Med. 2004;38(6):865-75.

Kaakoush NO. Insights into the Role of Erysipelotrichaceae in the Human
Host. Front Cell Infect Microbiol. 2015;5:84.

Bisgaard TH, Allin KH, Keefer L, Ananthakrishnan AN, Jess T. Depression and
anxiety in inflammatory bowel disease: epidemiology, mechanisms and
treatment. Nat Rev Gastroenterol Hepatol. 2022;19(11):717-26.

Barberio B, Zamani M, Black CJ, Savarino EV, Ford AC. Prevalence of symptoms
of anxiety and depression in patients with inflammatory bowel disease:

a systematic review and meta-analysis. Lancet Gastroenterol Hepatol.
2021,6(5):359-70.

Liang J, ZhaoY, XiY, Xiang C, Yong C, Huo J, Zou H, Hou Y, Pan Y, Wu M et al.
Association between Depression, Anxiety Symptoms and Gut Microbiota in
Chinese Elderly with Functional Constipation. Nutrients 2022, 14(23).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Breakfast skipping is linked to a higher risk of major depressive disorder and the role of gut microbes: a mendelian randomization study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and data collection
	﻿Genetic instrumentation selection
	﻿Mendelian randomization analysis

	﻿Results
	﻿Discussion
	﻿References


