USER

You will take on the role of an experienced statistical consultant who supervises medical
research projects. | need support with my project. The aim of this conversation is to clarify the
study setting in content and methodical terms before we discuss statistical details. In an initial
step you must determine what the project is about. Key aspects are: * What is my research
question? « What hypotheses are being tested? « What are the outcome variables (dependent
variables)? - What explanatory variables and study design are available? Do these elements
logically fit together? Ask me targeted follow-up questions, as you would in a consulting session,
to systematically clarify the project and any uncertainties. Do not explain excessively; stay
focused, concise, and precise. Especially important: Ask step by step so that we approach the
goal question by question. Once this point is clarified, | will proceed with my specific request for
statistical advice. Attached you will find initial information about my project and my request from
a consultation form / (draft) study protocol. If you understand what to do, confirm briefly and
start with your first targeted question.

ASSISTANT

Thought for 0 seconds > We need to respond as a statistical consultant, ask first question.
Confirm understanding briefly and start with first targeted question.
Understood. Let's begin by clarifying the core research focus.

1. What is the primary research question you aim to answer with this study?

USER

The hypothesis is that in chronic migraine, allodynia impairs the gut microbiome and sets
chronic inflammatory processes in motion. These in turn impair the clinical response. We
assume that allodynia negatively influences the response to the relaxation therapy.

ASSISTANT

Thought for 0 seconds > We need to ask follow-up questions to clarify research question,
hypotheses, outcome variables, explanatory variables, design. First confirm understanding? Then
ask: what's primary outcome? response to relaxation therapy measured how? Also about
allodynia measurement, microbiome metrics, inflammatory markers, covariates, sample size,
study design (prospective, longitudinal?). Need to ask step by step. > > So respond with concise
confirmation and next question.

Got it. Let’s break this down.

2. What is the primary outcome (dependent variable) you will use to assess “clinical response”
to the relaxation therapy? (e.g., change in migraine-day frequency, headache intensity score,
disability scale, etc.)

USER



Change in migraine days pre to post therapy

ASSISTANT

Thought for 0 seconds > We need to continue gathering info: outcome variables, explanatory
variables, design, etc. > > We should ask about measurement of allodynia, microbiome,
inflammatory markers, how measured, time points, sample size, design (prospective cohort?,
RCT?), inclusion criteria, etc. Also clarify secondary outcomes. Ask about data. > > Proceed
stepwise.

Great, that gives us a clear primary endpoint.

3. How are you measuring allodynia?

¢ Which instrument or questionnaire (e.g., Allodynia Symptom Checklist, quantitative sensory
testing, etc.)?
e [sit assessed at baseline only, or also during follow-up?

4. What gut-microbiome data will you collect?

Sample type (stool, mucosal biopsy)?

Sequencing method (16S rRNA, shotgun metagenomics)?

Time points (baseline, post-therapy, etc.)?

Will you derive summary metrics (alpha-diversity, beta-diversity, specific taxa abundances,
functional pathways)?

5. Which chronic inflammatory markers are you planning to measure?

e Cytokines, CRP, ESR, others?
* Biological matrix (blood, saliva)?
» Measurement schedule (baseline, post-therapy)?

6. What is the overall study design?

e |Is this a prospective cohort of chronic-migraine patients undergoing relaxation therapy, or a
randomized controlled trial (e.g., therapy vs. control/sham)?
e Number of assessment visits (e.g., baseline, mid-treatment, end-of-treatment, follow-up)?

7. Who are the participants?

* Inclusion/exclusion criteria (e.g., 218K y=15 migraine days/month, stable preventive meds,
etc.).
e Approximate sample size you plan to enroll?

8. Besides the primary outcome (change in migraine days), are there any secondary outcomes?



¢ Headache intensity, disability (MIDAS, HIT-6), quality of life, medication use, etc.

Answer these points one by one (or as a short list), and we'll confirm that the variables and
design align with your hypotheses before moving to the statistical plan.

USER

. assessed at baseline only

. alfa and beta diversity from stool pre and post therapy

. pre and post therapy, Cytokines, CRP, ESR from blood

. pre and post relaxation therapy delivered by an occupational therapist

. 2180 yz15 migraine days/month, stable meds. We plan to enrol 50 patients
. Let’s focus on migraine days

ASSISTANT

oNoOOgl bW

Thought for 2 seconds > The user gave answers to the detailed questions. Now we need to
confirm logical fit, perhaps ask about measurement specifics, timing, control group, etc. Need to
ensure clarity on hypotheses, variables, and design. Also need to ask about relaxation therapy
specifics, any control condition? Are there covariates? Gender, age, medication use? Also ask
about handling of microbiome data (diversity metrics) and inflammatory markers as mediators?
Also ask about any potential confounders and data structure (repeated measures). Also ask
about if allodynia is categorical/continuous. Probably ask about the allodynia measurement tool
and scoring. Also request primary analysis plan: e.g., whether they intend mediation analysis.
Also ascertain missing data handling. > > We need to stay concise, precise, step by step.
Probably ask one question at a time. So next step: ask about allodynia measurement instrument
and scoring. Then ask about control group or repeated measures design. Also ask about timing
of assessments (exact weeks). Also ask about primary analysis: what statistical model? But they
haven't asked yet; we are still clarifying. > > Thus we ask next targeted question: about allodynia
measurement instrument and its scale (continuous vs binary). Also about therapy specifics:
duration, number of sessions. And if there is any control group. > > We'll respond confirming fit
and ask next question.

**Your study elements line up well with the hypothesis** — you have a baseline measure of the
proposed driver (allodynia), pre- and post-therapy assessments of the putative pathway
(gut-microbiome diversity, inflammatory markers), and a clear clinical outcome (change in
migraine-day frequency).

To ensure the design will support the planned analyses, | need a few more specifics.

1. Allodynia measurement

e Which instrument are you using (e.g., Allodynia Symptom Checklist, quantitative sensory
testing, etc.)?

* |Is the resulting score treated as a continuous variable, or will you dichotomise it (e.g.,
presencell vsll absence)?



2. Relaxation-therapy regimen

e How many sessions will each participant receive, and over what time frame (e.g., 88 weeks,
twice weekly)?

* |s there any control/comparator condition (e.g., usual care, sham relaxation) or are all
participants receiving the same therapy?

3. Timing of assessments

e Baseline (pre-therapy) Il when is the post-therapy assessment performed (e.g., immediately
after the final session, 40 weekdater, etc.)?
¢ Will you collect any intermediate measurements (e.g., midway through therapy)?

4. Covariates & potential confounders

e Will you record demographic or clinical variables that might influence the outcome (age, sex,
BMI, medication type/dose, headache severity at baseline, etc.)?

Answer these points, and we'll confirm that all variables and the study design are logically
integrated before moving on to the statistical plan.

USER

1. presence/absence 2. focus on pre- post, no comparator, 3. pre-measurement four weeks
before treatment, then eight weeks of treatment, then four weeks measurement post
treatment (migraine diary), 4. age, sex, allodynia, pre-measurement of migraine days

ASSISTANT

Thought for 0 seconds > We need to respond confirming understanding and perhaps point out
any issues or ask any remaining clarifications before moving statistical advice. The user gave
answers: allodynia presence/absence; no comparator; timeline; covariates. Likely now we should
confirm that the variables fit hypotheses, note the design is a pre-post single group, mention
potential issues like lack of control, small sample, etc., and then ask if any other variables, like
medication use, BMI, etc., need to be recorded. Also ask about handling missing data, repeat
measures, etc. Then ask if ready to discuss statistical plan.

**Great —N thankdor the details.** Here's a concise snapshot of your study set-up:

Element Specification

Research Allodynia (presentll vsil absent)altered gut-microbiome diversity & elevated
hypothesis inflammatory markers Il poorer clinical response to relaxation therapy.
Design Single-arm, pre-post (baseline ll 8-week relaxation program [ follow-up). No

external comparator.

Participants nll =l 5€hronic-migraine adults (=181 yz15 migraine days/month, stable
preventive meds).

Primary outcome | Change in migraine-day count (baseline diary vs. 4-week post-treatment




diary).

Key explanatory |- Allodynia (binary, baseline): Gut-microbiome a- and B-diversity (baseline &

variables post-therapy)+ Inflammatory markers (CRP, ESR, cytokine panel — baseline &
post-therapy)

Covariates Age, sex, baseline migraine-day count (and optionally medication type/
dose, BM|, etc.).

Assessment * TO (baseline): Allodynia, microbiome stool, blood (CRP, ESR, cytokines),

schedule migraine diary (=41 weeks).T1 (post-therapy, 4% weeksafter last session):
Repeat stool & blood, migraine diary (48 weeks).

Outcome Absolute and relative change in migraine-day count (continuous).

measurement

Logical fit

¢ Allodynia K microbiome/inflammation: Baseline allodynia status can be examined as a
predictor of baseline microbiome diversity and inflammatory levels, and of their change over
therapy.

¢ Microbiome / inflammation [ clinical response: Changes in a-/B-diversity and cytokine/CRP/
ESR can be modeled as mediators/moderators of the relationship between allodynia and
migraine-day reduction.

e Covariates (age, sex, baseline migraine days) appropriately adjust for known confounders.

Points to keep in mind before we move to the statistical
plan

1. No control group — causal inference will rely on within-subject change; consider robustness
checks (e.g., sensitivity to baseline severity).

2. Sample size (nll =f 50) modest for high-dimensional microbiome data; may need
dimension-reduction or pre-specified taxa/pathways.

3. Binary allodynia — loss of granularity; ensure the checklist cut-off is validated.

4. Multiple testing — especially for a/ diversity and cytokine panels; plan for false-discovery rate
control.

5. Missing data — anticipate incomplete diaries or dropped stool samples; decide on imputation
or mixed-effects models.

6. Potential additional covariates — medication type/dose, BMI, diet, recent antibiotics/
probiotics; capture if feasible, as they can influence microbiome & inflammation.

If you'’re comfortable with this summary and the noted considerations, let me know and we can
proceed to the statistical advice (modeling strategy, mediation analysis, handling of microbiome
data, power / sample-size reflections, etc.). If you'd like to adjust any element or add another
variable, now is the perfect time.

USER

You remain in the role of an experienced statistical consultant who supervises medical research
projects. We have now clarified my study setting, and | would like to discuss my specific request




for statistical advice. Proceed as follows: * First ask me to state my specific request. * Then ask
targeted follow-up questions to refine the request and place it in the context of the research
project. Do not provide extensive theoretical background. Be structured, ask focused questions,
and answer briefly and precisely. If you understand what to do, confirm briefly and start with your
first question.

ASSISTANT

Thought for 0 seconds > The user wants to proceed with a specific request for statistical advice.
| need to ask them to state their specific request, then ask targeted follow-up questions. Should
confirm briefly then ask first question.

Understood.

1. Please state the specific statistical request you would like assistance with (e.g., sample-size
justification, primary analysis model, mediation analysis, handling missing data, etc.).

USER

How can | explore my hypothesis: The hypothesis is that in chronic migraine, allodynia impairs
the gut microbiome and sets chronic inflammatory processes in motion. These in turn impair the
clinical response. We assume that allodynia negatively influences the response to the relaxation
therapy.

ASSISTANT

Thought for 0 seconds > We need to ask follow-up questions to refine request: what analysis
they want—maybe mediation analysis, path analysis, regression modeling. Need to ask about
variables specifics, handling microbiome data (alpha/beta diversity), inflammatory markers,
measurement timing, outcome (change in migraine days). Also sample size constraints. Ask
about primary analysis primary outcome, mediator, confounders. Also ask about which software.
Then later give concise plan. We should follow instructions: first ask targeted follow-up
questions, not give answer yet.

**Great -l let'focus the request.**

1. Which part of the hypothesis do you want to test first?

(a) Allodynia [l change in migraine-day count (direct effect)

(b) Allodynia I gut-microbiome diversity I migraine-day change (mediation)

(c) Allodynia Il inflammatory markers il migraine-day change (mediation)

(d) A combined path model including both microbiome and inflammation as parallel
mediators

2. For the microbiome, which summary metric(s) will you use in the analysis?

* Alpha-diversity (e.g., Shannon index) — single continuous variable?
» Beta-diversity — will you reduce it to principal coordinates (PCoA) or use PERMANOVA?

3. Inflammatory markers: will you combine them into a composite score (e.g., first principal
component) or analyze each cytokine separately?



4. Outcome variable: will you use the absolute change in migraine-day count, the percent change,
or a binary responder definition (e.g., 2500 %eduction)?

5. Covariates you plan to adjust for: age, sex, baseline migraine days (already mentioned) — any
others (e.g., BMI, medication class, diet, antibiotic use)?

6. Missing data expectations: Do you anticipate missing stool or blood samples, or incomplete
migraine diaries? If so, what strategy (e.g., multiple imputation, mixed-effects models) are you
comfortable with?

7. Software preference: R, SAS, Stata, or another platform?

Answer these points, and I'll give you a concise, step-by-step analysis plan tailored to your
hypothesis.

USER

1. ¢ 2. two single continous covariates 3. dont know 4. difference pre to post 5. no more for the
moment 6. dont know - keep it simple 7. R

ASSISTANT

Thought for 1 seconds > The user wants to explore hypothesis that allodynia influences
inflammatory markers which in turn influence clinical response (change in migraine days). So
mediation analysis with allodynia (binary) -> inflammatory markers (multiple) -> outcome
(change in migraine days). They said microbiome not primary, focus on c (allodynia->
inflammatory markers -> migraine change). Two single continuous covariates for microbiome?
Actually they said two single continuous covariates: maybe alpha and beta diversity? But they
said they want to focus on ¢, so microbiome not needed. But still we can include them as
covariates? Probably irrelevant. We'll suggest mediation with multiple inflammatory markers
maybe combine via PCA or composite. Since they are unsure, propose to use a summary (e.g.,
PC1) or create an inflammation index. Also suggest simple linear regression models: outcome ~
allodynia adjusting covariates; mediator model: inflammatory marker ~ allodynia; then mediation
via mediation package (e.g., 'mediation’ in R) with bootstrapped Cls. Also handle missing data:
complete case analysis initially, can later use multiple imputation if needed. Provide step-by-step
plan. > > We must ask follow-up questions to refine missing data approach? Already asked, they
said "don't know - keep it simple". So we can propose simple approach: complete case. Also
need to ask about number of inflammatory markers: which ones? Provide suggestion: use a
composite via PCA or maybe use each as separate mediator in parallel mediation. Also ask
about potential confounders beyond age/sex? They said none for moment. > > Thus we respond
asking clarifying question about inflammatory markers: how many, plan to treat individually or
composite? Also ask if they'd like parallel mediation with multiple markers. Also ask about using
baseline vs change in markers (probably change). Also ask about considering baseline migraine
days as covariate. Then propose plan. > > We need to be concise, ask targeted follow-up
questions.

**Got it — you want a mediation analysis to test**

Allodynia (binary) ¥ I Inflammatomyarkers (mediator) & ¥ Changea migraine-day count
(outcome).

I'll help you set up a concise, R-based workflow. First, a few quick clarifications:



1. Inflammatory markers
- Which specific assays are you measuring (e.g., IL-6, TNF-q, IL-1B, CRP, ESR)?
» Do you plan to treat each marker separately (parallel mediators) or combine them into a
single summary index (e.g., first principal component)?

2. Mediator timing — Will you use the change in each marker (postll # pre)r the post-therapy
value adjusted for baseline?

3. Covariate set — Besides age, sex, and baseline migraine-day count, do you want to adjust for
the baseline level of each inflammatory marker when modelling the change?

4. Missing data handling — If any stool/blood samples or diary entries are missing, would a
complete-case analysis be acceptable for your primary test, or do you anticipate needing a
simple imputation (e.g., mean/median for the few missing values)?

5. Software — Confirm you'll be using R (yes) and whether you have a preferred mediation
package (e.g., mediation, lavaan), or you're open to a recommendation.

Please answer these points (briefly), and I'll give you a step-by-step R analysis plan.

USER

Thanks, I'll discuss this with my human consultant.

ASSISTANT

Thought for 0 seconds > The user says they'll discuss with human consultant. Likely they don't
need further answer; but as a consultant, we can respond politely, offering to be available. Should
confirm we understand.

Understood—feel free to reach out whenever you'd like to dive into the details. I'm happy to help
when you're ready. Good luck with the discussion!



