TRIPOD+AI Reporting Checklist
Passive In-Home Sensing for Predicting Next-Day Agitation in Dementia: A Temporal Analysis of In-Home Movement Patterns in the Technology Integrated Health Management (TIHM) Dataset
Reference checklist: Collins GS, Moons KGM, Dhiman P, et al. TRIPOD+AI statement: updated guidance for reporting clinical prediction models that use regression or machine learning methods. BMJ 2024;385:e078378. doi:10.1136/bmj-2023-078378.
Notes on completion. This study is a development-only prediction-model study (no external evaluation). Items marked D or D;E are addressed; items applicable to evaluation only (12f, 12g, 16, 20c, 24) are marked Not applicable. Page numbers refer to the submitted manuscript; for items not yet reported, the recommended section for addition is given.
	Section / Topic
	Item
	D / E
	Checklist item
	Reported on page / Notes

	TITLE

	Title
	1
	D;E
	Identify the study as developing or evaluating the performance of a multivariable prediction model, the target population, and the outcome to be predicted.
	Title page. The current title identifies the development of a prediction model ("Predicting Next-Day Agitation"), the target population ("Dementia"), and the outcome ("Next-Day Agitation"). 

	ABSTRACT

	Abstract
	2
	D;E
	See TRIPOD+AI for Abstracts checklist.
	Abstract (pp. 1–2). Structured under Background / Objective / Methods / Results / Conclusions. Reports population, sample size (n=56; 2,610 patient-days; 114 events), outcome, predictors, model type, validation method (LOPO-CV), performance metrics with CIs (AUROC, PRAUC, Brier). 

	INTRODUCTION

	Background
	3a
	D;E
	Explain the healthcare context (including whether diagnostic or prognostic) and rationale for developing or evaluating the prediction model, including references to existing models.
	Introduction (paragraphs 1–4). Prognostic context (next-day agitation prediction) is established; prior models reviewed (refs 11, 15, 16, 17).

	Background
	3b
	D;E
	Describe the target population and the intended purpose of the prediction model in the context of the care pathway, including its intended users (e.g., healthcare professionals, patients, public).
	Introduction. Target population (community-dwelling adults with dementia) and intended purpose (next-day early warning, proactive BPSD management) are stated. 

	Background
	3c
	D;E
	Describe any known health inequalities between sociodemographic groups.
	Introduction (new second paragraph). New paragraph acknowledges well-documented disparities in dementia diagnosis, caregiver support, and access to digital health infrastructure across socioeconomic, ethnic, and geographic groups, and notes the need to evaluate predictive monitoring systems across diverse sociodemographic groups.

	Objectives
	4
	D;E
	Specify the study objectives, including whether the study describes the development or validation of a prediction model (or both).
	Introduction (final paragraph). Objectives are clearly stated; the study is a development study without external validation.

	METHODS

	Data
	5a
	D;E
	Describe the sources of data separately for the development and evaluation datasets, the rationale for using these data, and representativeness of the data.
	Methods — Study Design and Dataset. TIHM dataset (Palermo et al., 2023) used as a single development cohort. Rationale (real-world remote monitoring with verified labels) given in Introduction. Representativeness limitations (UK only; modest n) acknowledged in Limitations.

	Data
	5b
	D;E
	Specify the dates of the collected participant data, including start and end of participant accrual; and, if applicable, end of follow-up.
	Methods — Study Design and Dataset (first paragraph). Participant data were collected during the second phase (feasibility study) of the TIHM project, approximately 2019–2021; full enrollment and follow-up details reported in Palermo et al. [14].

	Participants
	6a
	D;E
	Specify key elements of the study setting (e.g., primary care, secondary care, general population) including the number and location of centres.
	Methods — Study Design and Dataset. UK community setting (people living in their own homes), under the Surrey and Borders Partnership NHS Foundation Trust. 

	Participants
	6b
	D;E
	Describe the eligibility criteria for study participants.
	Methods — Study Design and Dataset. Inclusion is referenced as "people living with Alzheimer's disease and related dementias".

	Participants
	6c
	D;E
	Give details of any treatments received, and how they were handled during model development or evaluation, if relevant.
	Methods — Study Design and Dataset (new third paragraph). Data on concomitant pharmacological treatments (antipsychotics, benzodiazepines, cholinesterase inhibitors, memantine, PRN sedatives), non-pharmacological interventions, and acute intercurrent medical events were not systematically available in the publicly released TIHM dataset and are discussed as unmeasured confounders in the Limitations section.

	Data preparation
	7
	D;E
	Describe any data pre-processing and quality checking, including whether this was similar across relevant sociodemographic groups.
	Methods — Behavioral Feature Engineering and Statistical Analysis. Daily aggregation, exclusion of first and last observation day, and "clean day" definition are described. 

	Outcome
	8a
	D;E
	Clearly define the outcome that is being predicted and the time horizon, including how and when assessed, the rationale for choosing this outcome, and whether the method of outcome assessment is consistent across sociodemographic groups.
	Methods — Study Design. The outcome ("agitation-next-day", binary, calendar day t+1) and time horizon are clearly defined. Assessment via TIHM monitoring team (trained nursing staff with caregiver report) is described. 

	Outcome
	8b
	D;E
	If outcome assessment requires subjective interpretation, describe the qualifications and demographic characteristics of the outcome assessors.
	Methods. "Trained nursing staff" is mentioned. 

	Outcome
	8c
	D;E
	Report any actions to blind assessment of the outcome to be predicted.
	Methods — Study Design and Dataset (new third paragraph). The TIHM clinical monitoring team responsible for verifying agitation events was not exposed to model-derived behavioral features; all features were computed post hoc from raw sensor logs after outcome labels had been recorded and clinically verified, providing structural blinding of outcome assessment to predictor values.

	Predictors
	9a
	D
	Describe the choice of initial predictors (e.g., literature, previous models, all available predictors) and any pre-selection of predictors before model building.
	Methods — Behavioral Feature Engineering. Six features were a priori specified based on published behavioral phenotypes (IPA consensus, sundowning literature, Cohen-Mansfield framework, frontal-subcortical circuit literature). Explicit "pre-specified, not data-driven" language is used.

	Predictors
	9b
	D;E
	Clearly define all predictors, including how and when they were measured (and any actions to blind assessment of predictors for the outcome and other predictors).
	Methods — Behavioral Feature Engineering. All six features defined with formulas (activity volume, location entropy, low-stim ratio, evening activity ratio, SLR, SLR-dev). Predictor extraction is automated from raw PIR data and blinded to outcome by construction.

	Predictors
	9c
	D;E
	If predictor measurement requires subjective interpretation, describe the qualifications and demographic characteristics of the predictor assessors.
	Not applicable. All predictors are automatically derived from PIR sensor logs and under-mattress sleep sensor data; no human assessor interpretation is involved.

	Sample size
	10
	D;E
	Explain how the study size was arrived at (separately for development and evaluation), and justify that the study size was sufficient to answer the research question. Include details of any sample size calculation.
	Methods — Statistical Analysis. Sample is the full TIHM cohort (n=56; 114 events). EPV (22.8 / 19.0) is reported and the caveat that EPV theory is derived for standard logistic regression (not GEE) is acknowledged. 

	Missing data
	11
	D;E
	Describe how missing data were handled. Provide reasons for omitting any data.
	Methods — Predictive Modeling. Median imputation using training-fold statistics is used. Exclusions: each participant's first and last day; days with <5 prior clean days for SLR-dev (2,367 of 2,610 retained for Model C).

	Analytical methods
	12a
	D
	Describe how the data were used in the analysis, including whether the data were partitioned, considering any sample size requirements.
	Methods — Predictive Modeling and Performance Evaluation. Leave-One-Patient-Out Cross-Validation (LOPO-CV). All 56 patients used iteratively; no held-out test set (single-cohort development).

	Analytical methods
	12b
	D
	Depending on the type of model, describe how predictors were handled in the analyses (functional form, rescaling, transformation, or any standardisation).
	Methods — Statistical Analysis. Predictors standardised (z-score, training-fold statistics in LOPO-CV); no non-linear transforms. ORs reported per 1 SD.

	Analytical methods
	12c
	D
	Specify the type of model, rationale, all model-building steps, including any hyperparameter tuning, and method for internal validation.
	Methods — Predictive Modeling. Logistic regression with L2 penalty (C=1.0, scikit-learn default) and balanced class weights (scikit-learn v1.3); no hyperparameter search was performed. LOPO-CV used for internal validation.

	Analytical methods
	12d
	D;E
	Describe if and how any heterogeneity in estimates of model parameter values and model performance was handled and quantified across clusters (e.g., hospitals, countries).
	Methods — Statistical Analysis. GLMM with random intercepts per patient quantifies between-patient heterogeneity for inference; LOPO-CV quantifies cross-patient generalisation for prediction. GEE vs GLMM agreement is visualised in Figure 2 (dumbbell plot).

	Analytical methods
	12e
	D;E
	Specify all measures and plots used (and their rationale) to evaluate model performance (e.g., discrimination, calibration, clinical utility) and, if relevant, to compare multiple models.
	Methods — Predictive Modeling. Discrimination reported as AUROC and PRAUC; overall probabilistic accuracy summarised by the Brier score. A calibration plot was not included because class-balanced weighting renders predicted probabilities risk scores rather than calibrated absolute risks; this is stated in the Results and Discussion.

	Analytical methods
	12f
	E
	Describe any model updating (e.g., recalibration) arising from the model evaluation, either overall or for particular sociodemographic groups or settings.
	Not applicable. This is a development-only study; no external evaluation or model updating was performed.

	Analytical methods
	12g
	E
	For model evaluation, describe how the model predictions were calculated (e.g., formula, code, object, application programming interface).
	Not applicable to external evaluation. Internal LOPO-CV predictions are generated by scikit-learn LogisticRegression; analytic code is available from the corresponding author upon reasonable request (see Item 18f).

	Class imbalance
	13
	D;E
	If class imbalance methods were used, state why and how this was done, and any subsequent methods to recalibrate the model or the model predictions.
	Methods — Predictive Modeling. Balanced class weights used due to low prevalence (4.4–7.4%). 

	Fairness
	14
	D;E
	Describe any approaches that were used to address model fairness and their rationale.
	Formal fairness analyses across sociodemographic subgroups could not be performed because demographic data (ethnicity, education, income, digital access) were not available in the public TIHM release. This limitation and its implications for equitable deployment are explicitly discussed in the Limitations section.

	Model output
	15
	D
	Specify the output of the prediction model (e.g., probabilities, classification). Provide details and rationale for any classification and how the thresholds were identified.
	Methods — Predictive Modeling. Model output is a predicted probability of next-day agitation. No fixed classification threshold was predefined; risk-ranking operating characteristics at percentile-based thresholds (sensitivity, PPV, NNS, alerts per patient-month) are reported in Table 6 (alert burden).

	Training vs evaluation
	16
	D;E
	Identify any differences between the development and evaluation data in healthcare setting, eligibility criteria, outcome, and predictors.
	Not applicable in the standard development/evaluation sense. Internal LOPO-CV partitions are within-cohort; sensitivity analyses on the agitation-present sub-cohort (n=27) and the sleep sub-cohort (n=17, with an ≥7-day-monitoring sensitivity sub-cohort of n=15) are reported. Differences vs the full cohort are described in Methods — Sensitivity Analyses.

	Ethical approval
	17
	D;E
	Name the institutional research board or ethics committee that approved the study and describe the participant-informed consent or the ethics committee waiver of informed consent.
	Methods — Ethics Approval. NHS Health Research Authority (IRAS: 224526) for the original TIHM study with written informed consent; Wonkwang University Hospital IRB (No. WKUH 2026-03-052) exemption for the present secondary analysis of de-identified public data.

	OPEN SCIENCE

	Funding
	18a
	D;E
	Give the source of funding and the role of the funders for the present study.
	Funding section: "None".

	Conflicts of interest
	18b
	D;E
	Declare any conflicts of interest and financial disclosures for all authors.
	Conflicts of Interest section: "None".

	Protocol
	18c
	D;E
	Indicate where the study protocol can be accessed or state that a protocol was not prepared.
	Open Science — Protocol section. Secondary analysis of a publicly available dataset; a prospective study protocol was not prepared. The analysis plan (pre-specified behavioral features, statistical models, and performance metrics) was specified prior to model fitting and is fully described in the Methods section.

	Registration
	18d
	D;E
	Provide registration information for the study, including register name and registration number, or state that the study was not registered.
	Open Science — Registration section. This secondary analysis was not prospectively registered with a public study registry.

	Data sharing
	18e
	D;E
	Provide details of the availability of the study data.
	Data availability section. TIHM dataset is publicly available on Zenodo (DOI: 10.5281/zenodo.7622128).

	Code sharing
	18f
	D;E
	Provide details of the availability of the analytical code.
	Data availability. The TIHM dataset analyzed in this study is publicly available at Zenodo (DOI: 10.5281/zenodo.7622128, Palermo et al., 2023). The analytical code (feature engineering, GEE/GLMM models, and LOPO-CV pipeline) is available from the corresponding author upon reasonable request.

	PATIENT & PUBLIC INVOLVEMENT

	Patient & public involvement
	19
	D;E
	Provide details of any patient and public involvement during the design, conduct, reporting, interpretation, or dissemination of the study or state no involvement.
	Patient and Public Involvement section. No direct patient or public involvement in this secondary analysis. The original TIHM study (Palermo et al. [14]) involved people living with dementia and their caregivers as participants; readers are referred to that publication for details of patient and public engagement in the underlying cohort.

	RESULTS

	Participants
	20a
	D;E
	Describe the flow of participants through the study, including the number of participants with and without the outcome and, if applicable, a summary of the follow-up time. A diagram may be helpful.
	Results — Figure 1 (cohort derivation flowchart): 56 participants, 2,610 patient-days, 114 events, 27 with ≥1 event, 29 with no events. Sub-cohorts (n=27 agitation-present; n=17 sleep, with an ≥7-day sensitivity sub-cohort of n=15) are described.

	Participants
	20b
	D;E
	Report the characteristics overall and, where applicable, for each data source or setting, including the key dates, key predictors (including demographics), treatments received, sample size, number of outcome events, follow-up time, and amount of missing data.
	Results — Table 1. Currently reports monitoring duration, patient-days, event counts, and EPV. 

	Participants
	20c
	E
	For model evaluation, show a comparison with the development data of the distribution of important predictors (demographics, predictors, and outcome).
	Not applicable. This is a development study without external evaluation data.

	Model development
	21
	D;E
	Specify the number of participants and outcome events in each analysis (e.g., for model development, hyperparameter tuning, model evaluation).
	Results and Methods. Full cohort: n=56, 2,610 patient-days, 114 events. Agitation-present sensitivity: n=27, 1,534 patient-days, 114 events. Sleep sub-cohort: n=17 (primary; 767 patient-days, 31 events) and n=15 (≥7-day sensitivity; 760 patient-days, 31 events). Model C: 2,367 of 2,610 patient-days after the SLR-dev history threshold.

	Model specification
	22
	D
	Provide details of the full prediction model (e.g., formula, code, object, application programming interface) to allow predictions in new individuals and to enable third-party evaluation and implementation, including any restrictions to access or re-use.
	Model coefficients (odds ratios with 95% CIs) are reported in Tables 2 and 5; the full analysis code is available from the corresponding author upon reasonable request (see Data Availability).

	Model performance
	23a
	D;E
	Report model performance estimates with confidence intervals, including for any key subgroups (e.g., sociodemographic). Consider plots to aid presentation.
	Results — Tables 3 and 4 (AUROC, PRAUC, Brier; Table 3 reports patient-level cluster-bootstrap 95% CIs). Figures 3 (PR curve) and 4 (ROC curve). Subgroup analyses: agitation-present cohort (n=27) and sleep sub-cohort (n=17).

	Model performance
	23b
	D;E
	If examined, report results of any heterogeneity in model performance across clusters.
	Per-patient AUROC/PRAUC distribution in the agitation-present sub-cohort is shown in Additional file 3 (Figure A3-1). Patient-level cluster-bootstrap 95% confidence intervals are reported in the main text (Table 3).

	Model updating
	24
	E
	Report the results from any model updating, including the updated model and subsequent performance.
	Not applicable. Development-only study; no model updating performed.

	DISCUSSION

	Interpretation
	25
	D;E
	Give an overall interpretation of the main results, including issues of fairness in the context of the objectives and previous studies.
	Discussion (paragraphs 1–6). Comparison with prior TIHM-based work (refs 11, 16, 17) and the broader BPSD/circadian literature is provided. Fairness limitations (absence of sociodemographic data in the public TIHM release) are addressed in the Limitations section.

	Limitations
	26
	D;E
	Discuss any limitations of the study (such as a non-representative sample, sample size, overfitting, missing data) and their effects on any biases, statistical uncertainty, and generalizability.
	Discussion — Limitations. Sample size, heterogeneous dementia subtypes, missing sleep data, binary outcome, and observational design are all explicitly discussed. 

	Usability — input data
	27a
	D
	Describe how poor quality or unavailable input data (e.g., predictor values) should be assessed and handled when implementing the prediction model.
	Discussion — Implementation Considerations (first paragraph). Downstream applications should implement a minimum-data-completeness threshold (sufficient valid PIR coverage and a minimum number of events per day) below which the system withholds a prediction and emits a data-quality flag rather than generating a misleading low-confidence forecast.

	Usability — user interaction
	27b
	D
	Specify whether users will be required to interact in the handling of the input data or use of the model, and what level of expertise is required of users.
	Discussion — Implementation Considerations (second paragraph). Passive deployment from the patient’s perspective: no active interaction or self-report required. Daily predictions delivered via an alert dashboard accessible to community mental-health teams, dementia care coordinators, or designated family caregivers. Required technical infrastructure is modest (PIR sensor network + centralized data aggregation pipeline); end users require no specialized technical expertise beyond routine dashboard navigation, with clinical interpretation and intervention decisions remaining with the responsible clinician or caregiver.

	Future research
	27c
	D;E
	Discuss any next steps for future research, with a specific view to applicability and generalizability of the model.
	Discussion — Conclusions. External validation in larger, more diverse cohorts and integration with real-time alerting are explicitly named as next steps.



