Statistical Analysis Plan
We will estimate the effects of each nudge using piecewise hierarchical regression models (Table 1) with a knot at month 0 (the intervention start date) to model trajectories of the main outcomes for the control group and each intervention group (Z-drug Quantity Default, Redirection + Accountable Justification, and Combined) starting 18 months before each intervention began and ending after 18 months of intervention exposure. For the restricted model which tests the main effects of the intervention, the estimates of interest are intervention × time interaction terms, which represent changes in prescribing trajectories, relative to contemporaneous controls (those randomized to No Intervention).

The full model considers potential treatment synergy or interference, by testing for differences in trajectory for interactions between interventions. If the interaction test is not statistically significant, we will proceed with the main effects models (without interaction terms) only. We expect inflated-zeros (many visits without Z-drugs), therefore the model is two-stage with each stage's functional form appropriate to the outcomes being modeled (e.g. logit models for first-stage (Z-drug order vs. no order) and Poisson models for count data (days supply of pills ordered)). We will use a similar strategy to test for interactions for each of the secondary outcomes. To account for non-independence of observations within clinics (i.e., intra-cluster correlation; ICC) and a potential imbalance in time-invariant clinic characteristics (e.g., geographic location), all regression models will include random effects for primary care clinics and individual clinicians. The analytic approach to the 12-month persistence analysis will be structured similarly to the main analysis, but with a third time period (the 12-month follow-up period) being compared to the intervention period and to baseline. For those already taking Z-drugs, we assess guideline inappropriate prescribing and cognitive behavior therapy for insomnia (CBT-I) referrals with logistic and Poisson models, respectively, using a similar analytic approach.

We do not expect missing data for primary outcomes because prescription orders, visit dates and other electronic health record data are collected electronically and are tied to reimbursement. This gives an incentive to collect such information. However, because the Z-drug Quantity Default and Redirection + Accountable Justification were implemented asynchronously between November 15th, 2024 and December 20th, 2024, the period between November 15 and December 20 will be washed out from study analyses, and the intervention period is considered to begin on December 20, 2024. Table 1 describes the statistical models, coefficients of effects, and associated hypotheses in terms of the regression.

Additional Analyses: Secondary outcomes include: 1) the change in total monthly dose-equivalent Z-drug pill count, 2) the proportion of visits where patients were prescribed more than 35 pills for at least 5 consecutive weeks, 3) the number of patients referred to CBT-I, and 4) change in dose-equivalent benzodiazepine pill count prescribed. We will also investigate our primary outcome and the number of patients referred to CBT-I among short-term and long-term Z-drug user subgroups (defined as <= 180 and >180 days of Z-drugs prescribed in the last 365 days). We will also include the following exploratory subgroup analyses:  >= 75 years of age and on an opioid prescription. The subgroup analytic plan will add subgroup*time*treatment terms to the main effects models.
Sample Size: The sample includes 443 clinicians practicing across 64 clinics at Northwestern Medicine. We assumed an intraclass cluster coefficient of 0.05 and 0.09 for clinic and clinician respectively. Using Northwestern Medicine Z-drug prescribing data from November 15, 2023 to November 15, 2024, we assumed a monthly clinician average of 4.8 Z-drug prescriptions with an average of 43 pills per prescription over the 36-month observation period. Using simulated data generated 1000 times and a Poisson distribution among encounters with a Z-drug order and alpha set to 0.05, we have 80% (95% CI: 77.57%, 82.63%) power to detect a significant pre-to-post intervention mean pill count reduction of 1.58 for both Redirection + Accountable Justification and Z-drug Quantity Default study arms. As a result, at our assumed parameters, a sample size of 64 clinics with 443 clinicians will provide sufficient power to detect clinically meaningful effects on the primary outcome.

	Table 1. Model of the Z-drug pill count at the ith encounter, for the jth prescriber working in the kth clinic

	Two-stage zero-inflated Poisson Model: P(yijk*) =  π + (1 - π)Poisson(λ)

	Stage
	Dependent variable
	Type of regression

	1
	f(y*) = π = ln(p/[1- p])
	Logit (p) ~ y*, if p = 0

	2
	f(y*) = ln(λ)
	Poisson(λ) ~ y*, if p = 1

	Restricted Model1
	Effects
	Null Hypotheses

	f(y*) =	B1 x1   + … + B6x6 
· B7  x1 x5   + B8 x1 x6   + B9 x2 x5   + B10 x2 x6
· b1  z1    + b2 z2  + error
	(univariate)
(time x treatment) 
(random)
	No differences in the trajectory of Default +/- :
B7  - B9 = 0
No difference in trajectory of Redirection + Accountable Justification +/-:
B8    - B10 = 0

	Full Model
	
	

	f(y*) =	Restricted Model
· B11 x5  x6 
· B12  x1 x5 x6   + B13 x2x5 x6
	
(treatment interaction)
(time x treatment intr.)
	There is no difference in the trajectory of clinics receiving Defaults and Redirection + Accountable Justification  together:
B12  = B13


1Model terms: x1 = day(s) from intervention start; x2 = truncated days since, where prior to baseline is 0; x3 = high vs. low-prescribing clinic at baseline; x4 = patient-level Z-drug pill count in 365 days prior to intervention start, x5 = Z-drug Quantity Default; x6 = Redirection + Accountable Justification;  z1 = clinic; z2 = prescriber.
