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Figure S1: Correlation of Sleep Characteristics Over Two Different Time Points

a. Histogram illustrating the time intervals between two sleep measurements. b. Correlation of Global PSQI Scores between two
time points. c. Correlation of sleep midpoint on free days (indicating chronotype) between the two time points. d. Correlation

of Social Jet Lag hours between the two time points.

coefficients (r) were reported for each correlation. All tests were two-sided. PSQI, Pittsburgh Sleep Quality Index.
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Figure S2: Correlation of Age, Sex, BMI, and Sleep Characteristics

A heatmap illustrating pairwise complete—case Spearman's rank correlations between age, sex, BMI, and
sleep characteristics within the cohort. Correlation coefficients (r) were reported for each correlation. All tests
were two-sided. BMI: Body Mass Index, PSQI: Pittsburgh Sleep Quality Index, ESS: Epworth Sleepiness Scale
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Figure S3: Shannon diversity and Faith's Phylogenetic diversity(PD) associated with PSQI, Social Jetlag, and
Chronotype

a—c. Scatter plots and violin plot of Shannon Index versus sleep quality (PSQlI), social jetlag, and chronotype. d—f. Scatter
plots and violin plot of Faith's PD versus sleep quality (PSQI), social jetlag, and chronotype. The center dot represents the
mean, the line indicates mean + standard deviation (SD), and the outline shows the data distribution.
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Figure S4: Association between Species Abundance and all Sleep Characteristics in the Dutch Microbiome Project

Heatmap of associations between species abundance and sleep characteristics
Project cohort. Results are based on multivariable-adjusted

BMI, batch effects,

linear

regression models adjusting
DNA concentration, Bristol Stool Scale, and defecation frequency. Red indicates positive

in the Dutch Microbiome
for age, sex,

associations (association with poor sleep patterns), blue for negative. Blue indicates negative associations. An
asterisk (*) marks associations significant at study-wide FDR < 0.05. The color on the left side indicates the family of the
species, and the bar plot on the right shows species prevalence.
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Figure S5: Association between PSQI global score and individual PSQI components across microbial species.

Each point represents a single association between sleep characteristic and microbial species abundance (z—score based). Colors
indicate significance: purple = significant in both PSQI global and component association; blue = significant in PSQI global

only; red = significant in PSQI component only; black = not significant. The dashed line (y = x) represents perfect agreement
between global and component scores.
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Figure S6: Sleep—Microbiome Associations are Independent of Various Covariates

The scatterplots depict the consistency of sleep and species abundance associations across different models. Each point
represents a unique sleep characteristic and species abundance association. The x—axis represents the null model controlling for
age, sex, BMI, batch, DNA concentration, stool consistency (Bristol Stool Scale), and defecation frequency. The y—axis represents
the Z-scores and effect direction after adjusting for respective covariates: a. Metabolic disease; b. Gastrointestinal disease;

c. Mental disease; d. Physical activity; e. Alcohol intake; f. HEI; g. Total calorie intake; h. Sleep medication; i. Complete

model corrected for all covariates above. PSQI: Pittsburgh Sleep Quality Index.
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Figure S7: Mediation network (diet —> microbiome —> sleep)
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Blue dots represent sleep characteristics, orange dots indicate dietary factors, and red dots indicate species abundance.
Arrow colors indicate effect direction (blue for positive, red for negative), and dashed lines for non-significant associations.

Line thickness indicate the effect size.

Abbreviations: C.SGB14844 (Clostridiaceae unclassified SGB14844)
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Figure S8: Mediation network (diet —> sleep —> microbiome)

Blue dots represent sleep characteristics, orange dots indicate dietary factors, and red dots indicate species abundance.
Arrow colors indicate effect direction (blue for positive, red for negative), and dashed lines for non-significant associations.
Line thickness indicate the effect size.

Abbreviations: R.SGB15076 (Ruminococcaceae unclassified SGB15076), C.SGB14844 (Clostridiaceae unclassified SGB14844), R.SGB15216
(Ruminococcaceae unclassified SGB15216), R.SGB15106 (Ruminococcaceae unclassified SGB15106), R.SGB15164 (Ruminococcaceae unclassified
SGB15164), L.SGB4990 (Lachnospiraceae unclassified SGB4990), L.SGB4777 (Lachnospiraceae unclassified SGB4777), R.SGB15229 (Ruminococcaceae
unclassified SGB15229), R.SGB15031 (Ruminococcaceae unclassified SGB15031), R.SGB15203 (Ruminococcaceae unclassified SGB15203), C.SGB15145
(Clostridiaceae unclassified SGB15145), R.SGB15103 (Ruminococcaceae unclassified SGB15103), C.SGB3959 (Clostridiaceae unclassified

SGB3959), and R.SGB15236 (Ruminococcaceae unclassified SGB15236).
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Figure S9: Mediation network (sleep —> diet —> microbiome)

Blue dots represent sleep characteristics, orange dots indicate dietary factors, and red dots indicate species abundance.
Arrow colors indicate effect direction (blue for positive, red for negative), and dashed lines for non-significant associations.
Line thickness indicate the effect size.

Abbreviations: R.SGB15076 (Ruminococcaceae unclassified SGB15076), C.SGB14844 (Clostridiaceae unclassified SGB14844), R.SGB15216
(Ruminococcaceae unclassified SGB15216), R.SGB15106 (Ruminococcaceae unclassified SGB15106), R.SGB15164 (Ruminococcaceae unclassified
SGB15164), L.SGB4990 (Lachnospiraceae unclassified SGB4990), L.SGB4777 (Lachnospiraceae unclassified SGB4777), R.SGB15229 (Ruminococcaceae
unclassified SGB15229), R.SGB15031 (Ruminococcaceae unclassified SGB15031), R.SGB15203 (Ruminococcaceae unclassified SGB15203), C.SGB15145
(Clostridiaceae unclassified SGB15145), R.SGB15103 (Ruminococcaceae unclassified SGB15103), C.SGB3959 (Clostridiaceae unclassified

SGB3959), and R.SGB15236 (Ruminococcaceae unclassified SGB15236).
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studies.
Detail whether any mRNA e.anChmemwas peﬁor.med and Provide details on any internal standards which may
whether/how retrotranscription was performed prior to have been used as well as parameters and versions
4.14 Metatranscriptomics sequencing. Provide size range of isolated transcripts. Describe |STORMS P NA

whether the sequencing library was stranded or not. Provide
details on sequencing methods and platforms.

of any software or databases used.




Detail which protease was used for digestion. Provide details on
proteomic methods and platforms (e.g. LC-MS/MS, instrument

Provide details on any internal standards which may
have been used as well as parameters and versions

4.15 Metaproteomics type, column type, mass range, resolution, scan speed, maximum [STORMS NA
AT f . h : Y of any software or databases used.
injection time, isolation window, normalised collision energy, and
resolution).
Specify the analytic method used (such as nuclear magnetic
resonance spectro§copy or mass spectrometry). For mass Provide details on any internal standards which may
spectrometry, detail which fractions were obtained (polar and/or have been used as well as parameters and versions
4.16 Metabolomics non polar) and how these were analyzed. Provide details on STORMS NA
: o of any software or databases used.
metabolomics methods and platforms (e.g. derivatization,
instrument type, injection type, column type and instrument
settings).
State any sources of potential bias in measurements,
for example multiple interviewers or measurement
) . . ; ) instruments, and whether these potential biases were
For each non-microbiome variable, including the health . . .
P . . . . MIxS: host assessed or accounted for in study design.
Data sources/ condition, intervention, or other variable of interest, state how it .
50 ) disease status Yes
measurement was defined, how it was measured or collected, and any )
- . - . ; Use terms from a standardized ontology such as the
transformations applied to the variable prior to analysis. i
Experimental Factor Ontology
(https://www.ebi.ac.uk/efo/) to describe variables of
interest in a standardized format.
For causal inference, this item refers to describing the
assumptions that would be required to draw causal
inferences from observational data. See Vujkovic-
Cvijin, I, Sklar, J., Jiang, L. et al. Host variables
confound gut microbiota studies of human disease.
Nature 587, 448-454 (2020).
. Discuss any potential for confounding by variables that may https://doi.org/10.1038/s41586-020-2881-9 for more
Research design for causal . ) . - . : )
6.0 . influence both the outcome and exposure of interest. State any STORMS details on confounding in observational microbiome |Yes
inference X . . .
variables controlled for and the rationale for controlling for them. studies.
For example, hypothesized confounders may be
controlled for by multivariable adjustment. Consider
using a directed acyclic graph (DAG) to describe your
causal model and justify any variables controlled for.
DAGs can be made using www.dagitty.net.
Selection bias can occur when some members of the
target study population are more likely to be included
in the study/final analytic sample than others. Some
examples include survival bias (where part of the
6.1 Selection bias Discuss potential for selection or survival bias. STORMS target study population is more likely to die before Yes

they can be studied), convenience sampling (where
members of the target study population are not
selected atrandom), and loss to follow-up (when
probability of dropping out is related to one of the
things being studied).




Bioinformatic and Statistical

Describe any transformations to quantitative variables used in

If a variable is analyzed using different
transformations, state rationale for the transformation
and for each analyses which version of the variable is
used.

7.0 analyses (e.g. use of percentages instead of counts, STORMS Yes
Methods o ) -
normalization, rarefaction, categorization). . .
In case of any complex or multistep transformations,
give enumerated instructions for reproducing those
transformations.
If samples were excluded based on quality or read
71 Quality Control Describe any methods to identify or filter low quality reads or MIXS: sequence |depth, list the criteria used, the n_umber ofsamples Yes
samples. quality check  |excluded, and the final sample size after quality
control.
MIxS: feature
72 Sequence analysis Descnl.)e any taxonomic, functional profiling, or other sequence p.rec.ilct]on; Yes
analysis performed. similarity
search method
Describe any statistical tests used, exploratory data
analysis performed, dimension reduction
methods/unsupervised analysis, alpha/beta metrics,
and/or methods for adjusting for measurement bias.
- . . Modified If multiple statistical methods are possible, discuss
7.3 Statistical methods Describe all statistical methods. STROBE why the methods used were selected. Yes
If a multiple hypothesis testing correction method was
used, describe the type of correction used.
State which taxonomic levels are analyzed.
If the study is longitudinal, include a section that explicitly states
74 Longitudinal analysis what analysis methods were used (if any) to account for grouping [STORMS NA
of measurements by individual or patterns over time.
75 Subgroup analysis pescrlpe any methods used to examine subgroups and STROBE Yes
interactions.
"Missing data" refers to participant measurements
such as covariates, exposures, outcomes, or time
7.6 Missing data Explain how missing data were addressed. STROBE points that should have been collected but were not, |Yes
not to zeros in taxonomic abundance tables or data
points not applicable to that observation.
7.7 Sensitivity analyses Describe any sensitivity analyses. STROBE Yes
For example, false discovery rate with total number of
7.8 Findings State criteria used to select findings for reporting. STORMS tests, effect size threshold, significance threshold, Yes

microbes of interest.




Cite all software (including read mapping software) and

Installed packages, add-ons or libraries should be
stated and cited in addition to the software used.

All parameters employed that differ from the default of

databases (including any used for taxonomic reference or Modified ) .
79 Software annotating amplicons, if applicable) used. Include version STREGA that software/version should be provided. Yes
numbers. This is in addition to, not a replacement for,
publishing of code as outlined in the section
Reproducible Research.
Any protected information that has been excluded or
provided under controlled access should be listed
along with any relevant data access procedures. "On
request from authors" is not sufficiently detailed;
formal data access procedures and conditions should
be defined.
8.0 Reproducible research Make a statementaAboutwhether and how others can reproduce STORMS If data are unavailable, state so clearly. Yes
the reported analysis.
Consider using a specialized rubric for reproducible
research (such as:
https://mbio.asm.org/content/9/3/e00525-18.short).
Consider preregistering the study protocol (such as
on osf.io or https:/plos.org/open-
science/preregistration/).
. . . . Robust, long-term databases such as those hosted
8.1 Raw data access ﬁ]tf;;smv;zz;e raw data may be accessed including demultiplexing STORMS by NCBI and EBI are preferred. If using a private Yes
’ repository, provide rationale.
Unfiltered data should be provided.
Robust, long-term databases such as those hosted
by NCBI and EBI-EMBL are preferred. Repositories
8.2 Processed data access State where processed data may be accessed. STORMS like zenodo (https://zenodo.org/) or publisso Yes

(https://www.publisso.de/en/working-for-you/doi-
service/)

can be used to provide a DOl and long-term storage
for processed datasets, even those which cannot be
published openly.




8.3

Participant data access

State where individual participant data such as demographics
and other covariates may be accessed, and how they can be
matched to the microbiome data.

STORMS

If re-categorized, transformed, or otherwise derived
variables were used in the analysis, these variables
or code for deriving them should be provided.

Examples of how participant data can be matched to
microbiome data are: using the same set of
anonymized identifiers, or using different anonymized
identifiers but providing a map.

Provided data should be sufficient to independently
replicate the current analysis.

Yes

84

Source code access

State where code may be accessed.

STORMS

If a standard or formalized workflow was employed,
reference it here.

8.5

Full results

Provide full results of all analyses, in computer-readable format,
in supplementary materials.

STORMS

For example, any fold-changes, p-values, or FDR
values calculated, provided as a spreadsheet.

Use a machine-readable, plain-text format such as
csv or tsv.

Yes

Results

9.0

Descriptive data

Give characteristics of study participants (e.g. dietary,
demographic, clinical, social) and information on exposures and
potential confounders.

STROBE

Typically reported in a table included in the paper or
as a supplementary table. Indicate number of
participants with missing data for each variable of
interest.

This includes environmental and lifestyle factors that
may affect the relationship between the microbiome
and the condition of interest. Participant diet and
medication use should be summarized, if known.

At minimum, age and sex of all participants should be
summarized.

<

es

10.0

Microbiome data

Report descriptive findings for microbiome analyses with all
applicable outcomes and covariates.

STORMS

This includes measures of diversity as well as relative
abundances. These descriptive findings should be
reported both for the sample overall and for individual
groups.

Yes

10.1

Taxonomy

Identify taxonomy using standardized taxon classifications that
are sufficient to uniquely identify taxa.

STORMS

If not using full taxonomic hierarchy, make sure itis
clear whether names stated are species, genera,
family, etc.

ltalicize genus/species pairs. Consult journal
guidelines or standardized references on taxonomic
nomenclature. For instance,
https://lwwwnc.cdc.gov/eid/page/scientific-
nomenclature

Yes




Report results of differential abundance analysis by the variable

If there are more than two groups, include omnibus
(multigroup) test results if applicable to the research
question.

10.2 Differential abundance of interest and (if applicable) by time, clearly indicating the STORMS Yes
direction of change and total number of taxa tested. If applicable, reported effect sizes should include a
measure of uncertainty such as the confidence
interval.
Report other data analyzed--e.g. metabolic function, functional
103 Other data types potential, MAG assembly, and RNAseq. STORMS Yes
This could include subgroup analysis, sensitivity
analyses, and cluster analysis.
104 Other statistical analysis Report any statistical data analysis not covered above. STORMS Visualizations should be easily interpretable and Yes
colorblind-friendly. The caption and/or main text
should provide a detailed description of
visualizations for visually-impaired readers.
Discussion
11.0 Key results Summarise key results with reference to study objectives STROBE Yes
Define or clarify any subjective terms such as
"dominant," "dysbiosis," and similar words used in
interpretation of results.
When interpreting the findings, consider how the
interpretation of the findings may be summarized or
quoted for the general public such as in press
. . . . - releases or news articles.
Give a cautious overall interpretation of results considering
12.0 Interpretation objectives, limitations, multiplicity of analyses, results from similar |STROBE ) ) } ) Yes
. ) If causal language is used in the interpretation (such
studies, and other relevant evidence. " wn wn i [
as "alters," "affects," "results in," "causes," or
"impacts"), assumptions made for causal inference
should be explicitly stated as part of 6.0 and 13.0.
Distinguish between function potential (ie inferred
from metagenomics) and observed activity (ie
metatranscriptomic, metabolomic, proteomic) if
discussing microbial function.
Discuss limitations of the study, taking into account sources of Also consider limitations resulting from the methods
13.0 Limitations . ) © study, 9 STROBE (especially novel methods), the study design, and the |Yes
potential bias or imprecision. .
sample size.
131 Bias Discuss any potential for bias to influence study findings. STORMS May |nclqu sampling methf)d, represen.tatlveness of Yes
study participants, or potential confounding.
13.2 Generalizability Discuss the generalisability (external validity) of the study results |STROBE To what populations or other settings do you expect g
the conclusions to generalize?
14.0 Ongoing/future work Descrlbe'poteqtlal future research or ongoing research based on STORMS Yes
the study's findings.
Other

information




Give the source of funding and the role of the funders for the

15.0 Funding present study and, if applicable, for the original study on which STROBE Yes
the present article is based
For general guidelines on authorship, see
Include acknowledgements of those who contributed to the http://www.icmje.org and
15.1 Acknowledgements research but did not meet critera for authorship. STORMS https://www.elsevier.com/authors/journal- Yes
authors/policies-and-ethics/credit-author-statement
15.2 Conflicts of Interest Include a conflicts of interest statement. STORMS Yes
16.0 Supplements Indncafe where suppllements may be accessed and what STORMS Yes
materials they contain.
Depending on the analysis performed, examples of
the supplemental results included could be mean
Provide supplementary data files of results with for all taxa and all ;Zlijtévemaul?tlimldahnce,tif;;etr;tlilnabug%a?:de, r?/WIE;}
17.0 Supplementary data outcome variables analyzed. Indicate the taxonomic level ofall  |STORMS ; pe hypo sting-acjusted p-values, |y

taxa.

and standard error.

All discussed taxa should include the taxonomic level
(e.g. class, order, genus).




