Appendix A. Technical Appendix: Model Specifications and Exposure–Outcome Timing
This appendix provides the technical details of the fixed-effects panel models used in the study. To improve readability for a broad clinical, nursing, and health-services audience, the main Methods section presents the analytic approach conceptually, whereas the model equations and detailed exposure–outcome timing considerations are provided below.
Appendix A1. Fixed-effects model specifications
Let y_i,q denote the acute-care use outcome for nursing home i in quarter q. The outcome was defined as either the long-stay unplanned hospitalization rate or the long-stay outpatient emergency department visit rate per 1,000 resident-days.
Total nursing hours model
The association between overall nursing staffing and acute-care use was estimated as:

where Total_i,q is total nursing HPRD, defined as the sum of RN, LPN/LVN, and CNA hours per resident day. The term δ_i denotes nursing home fixed effects, τ_q denotes quarter fixed effects, and ε_i,q is the error term.
Total nursing hours and RN share model
To assess whether staffing composition was associated with acute-care use independently of total staffing volume, we estimated:

where Share_i,q^RN is the proportion of total nursing hours provided by RNs:

For interpretability, RN share was scaled so that its coefficient represents a 10-percentage-point increase.
Type-specific staffing model
The type-specific staffing model was specified as:

In this specification, RN, LPN/LVN, and CNA hours were entered simultaneously. Each coefficient therefore represents the within-facility association of a one-hour-per-resident-day increase in the corresponding staffing category while holding the other staffing categories constant.
One-quarter-lagged staffing model: temporal sensitivity analysis
To provide temporal separation between staffing and the updated Care Compare outcome and to assess whether the findings were robust to alternative exposure timing, we estimated a model using staffing measured one quarter earlier:

This specification relates staffing measured in quarter q−1 to the acute-care use rate reported in quarter q. Because quarter q−1 remains part of the rolling 12-month measurement window underlying the outcome, the lagged model is interpreted as a temporal sensitivity analysis rather than as a design that establishes temporal precedence or resolves reverse causality.
Appendix Table A1. Overview of model specifications estimated in the study
	Model
	Staffing variables
	Timing of staffing exposure
	Purpose

	Total nursing hours model
	Total nursing HPRD
	Quarter q
	Estimates the association between overall nursing staffing volume and acute-care use

	Total nursing hours and RN share model
	Total nursing HPRD and RN share
	Quarter q
	Examines staffing composition while holding total staffing volume constant

	Type-specific staffing model
	RN, LPN/LVN, and CNA HPRD
	Quarter q
	Estimates the association of each staffing category while holding the other categories constant

	One-quarter lagged staffing model
	RN, LPN/LVN, and CNA HPRD
	Quarter q−1
	Assesses robustness to alternative exposure timing


Note: Each specification was estimated separately for the long-stay unplanned hospitalization rate and the long-stay outpatient ED visit rate. All models included nursing home and quarter fixed effects. Standard errors were clustered at the nursing home level. HPRD indicates hours per resident day; RN, registered nurse; LPN/LVN, licensed practical/vocational nurse; CNA, certified nursing assistant; ED, emergency department.
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Appendix A2. Exposure–outcome timing considerations
The Care Compare long-stay unplanned hospitalization and outpatient ED visit measures are updated quarterly, but each reported value reflects claims accumulated over a rolling 12-month measurement period. Consequently, the outcome reported for quarter q represents acute-care utilization occurring over multiple quarters rather than events occurring exclusively during quarter q.
The contemporaneous models use staffing measured in quarter q. Staffing in that quarter overlaps with part of the claims period contributing to the outcome reported in quarter q, but it does not represent staffing throughout the entire 12-month outcome window. The contemporaneous coefficients should therefore be interpreted as associations between the facility’s current staffing configuration and its updated annualized acute-care use rate.
We selected contemporaneous-quarter staffing for the main analyses because it represents the staffing configuration observed during the quarter in which the Care Compare measure was updated and is directly relevant to facility operations and public reporting. We additionally estimated one-quarter lagged staffing models to assess whether the findings persisted when staffing was measured before the outcome reporting quarter.
The one-quarter lag does not completely align staffing with the full rolling measurement window and does not eliminate potential time-varying confounding or staffing endogeneity. The timing structure of the publicly reported outcomes therefore remains an important limitation. Accordingly, all estimates are interpreted as within-facility associations rather than causal effects of staffing changes on individual hospitalization or ED events.
