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Methodology for Sensitivity Analyses

As a sensitivity analysis, when evaluating the effect of olanzapine dose or lithium levels at randomization (ii) as a covariate in the Cox models, we accounted for potential selection bias due to the non-random assignment of lithium and olanzapine dose by using propensity score-based stratified analysis. Propensity scores for olanzapine or lithium dose at randomization were estimated from ordinal logistic regression with dose at randomization as a dependent variable and as its predictors, variables (iii-v) of maximal severity (on scale from 0 to 3) of AEs observed prior to randomization visit and changes in mania/depression scores from baseline during the open-label acute phase preceding randomization (Table 3 of the manuscript).

As an additional time-dependent covariate capturing recent lithium dose history, we used abrupt decrease (>0.2 mmol/L) of lithium levels occurring from the previous visit interval [31]. Furthermore we evaluated the possible effect of abrupt decrease in olanzapine dose (by at least 5 mg/day) by incorporating a time-dependent binary covariate in the Cox model.
Results of Sensitivity Analyses
Additional analyses evaluated the robustness of the findings from our primary analysis models against naïve unweighted analysis and with respect to other potential confounders and covariates. 

Lithium group
· In unweighted analyses for mixed/manic episodes, the primary comparison of lithium blood levels <0.6 mmol/L versus ≥0.6 mmol/L using the Cox model with time-varying lithium dose and selected baseline covariates was HR=2.32, 95% CI (1.27-4.23), p=.006. This is consistent with the results for the weighted analysis. Other estimated HRs were also very close to those for the weighted analysis and, therefore, not reported here.
· To account for potential selection bias due to non-random assignment of lithium dose prior to randomization, we considered stratified versions of our Cox model with strata defined by quintiles of propensity scores for the likelihood of assignment to specific levels of lithium dose. The results showed minor differences with those obtained by our primary model. In particular, the effect of the prescribed lithium dose prior to randomization (≤600 mg / >600) for pure depressive episodes was somewhat less significant with stratified analysis: HR=4.09 (1.04-16.01), p=.043, while the effect of previous use of lithium during a patient’s lifetime was more significant: HR=4.11 (1.54-10.98), p=.005.
· To account for the potential effect of abrupt changes in lithium blood levels on the risk of relapse (in addition to the recent dose level effect), we added a time-dependent variable capturing decreases of lithium blood level >0.2 mmol/L from the previous visit interval to our weighted proportional hazards Cox regression. Adding this to the model did not affect the significance of our "primary risk factor" (lithium blood levels <0.6 mmol/L versus ≥0.6 mmol/L), for mixed/manic relapse, HR=1.80 (1.05-3.09), p=.033 (weighted analysis). Similarly, the analyses of pure depressive relapse were unaffected by inclusion of abrupt decreases in lithium blood level. The effect of abrupt changes in lithium blood level for mixed/manic relapse was not statistically significant, but numerically positive (HR=1.26, p=.481).  

Olanzapine group

· In unweighted analyses, a lower olanzapine dose was a non-significant protective factor for manic/mixed (HR=0.76, p=.511) and a marginally significant risk factor (HR=1.92, p=.060) for depressive episodes. 
· To account for potential selection bias in estimated hazard ratios (HRs) due to non-random assignment of lithium dose prior to randomization, we considered a stratified version of primary analysis with strata defined by propensity scores for the likelihood of assignment to specific levels of lithium dose. The results were virtually the same and not reported here.

· To account for the potential effect of abrupt change in olanzapine dose on the risk of relapse (in addition to the recent dose level effect), we incorporated an additional time-dependent indicator variable capturing decrease in modal olanzapine dose from the previous visit interval of at least 5 mg/day in our weighted proportional hazards Cox regression. The extended model showed an additional marginally significant effect on the risk of depressive episodes (HR=3.06, CI: 0.93-10.07 p=.065) associated with the “abrupt dose change”, however the significance of the main finding was unaffected (ie, the effect of low absolute level for olanzapine dose on depressive episodes (HR = 2.27, p=.021)).
Figures

Figure 1. 
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	Lithium Blood levels
	w0


	w1
	w4
	w8
	w12
	w16
	w20
	w24
	w28
	w36
	w44
	w52

	<0.6 mmol/L (LoLI)
	14
	14
	21
	13
	22
	22
	8
	14
	17
	12
	17
	6

	0.6 - 0.79 mmol/L (MedLi)
	70
	69
	67
	62
	54
	48
	46
	42
	37
	27
	26
	26

	≥0.8 mmol/L (HiLI)
	123
	128
	111
	108
	96
	88
	87
	75
	66
	69
	50
	46

	Total
	207
	211
	199
	183
	172
	158
	141
	131
	120
	108
	93
	78


Number of subjects with low, medium, and high blood levels, measured at different time points.
Figure 1 Schematics of statistical modeling of relapse
Figure 1A. In subjects randomized to lithium, Figure 1B. In subjects randomized to olanzapine.

Variables enclosed in green boxes with bold borders were used in weighted and covariate-adjusted proportional hazards Cox models for manic & mixed or depressive relapse (primary analysis).  Auxiliary time-dependent variables (shown in gray boxes) and patient-specific covariates were used to evaluate relationships (indicated by dotted lines) between the probability of assignment to specific lithium dose group and preceding treatment outcomes. Additionally, propensity score-stratified Cox regression was used as a sensitivity analysis for estimating effects of OLZ & LIT dose during the randomization visit on subsequent relapse.

Figure 2

Lithium blood levels (mmol/L) at and after randomization during 52 weeks of treatment. Box plots show the median, and upper and lower quartiles of the distribution of blood levels at every time point with the middle and outer lines of the box. The mean values are indicated by a “+”. The upper (lower) fences set as upper (lower) quartile plus (minus) 1.5*interquartile range and observations outside fences are indicated as “x”s.

Table 1. Relationship between the Probability of Having a Higher Dose during the Randomization Visit Interval and Patient Characteristics and Outcomes prior to Randomization

	Prerandomization predictors of modal dose level during randomization visit interval 
	Lithium Dose (<600 mg/day, 600-1200 mg/day, >1200 mg/day)
	Olanzapine Dose (<10 mg/day, 10, 15, and 20 mg/day)

	
	odds ratioa
(95% CI)
	p-value
	odds ratioa
(95% CI)
	p-value

	
	
	
	
	

	YMRS total at baseline
	1.09 (1.05 - 1.13)


	<.001
	1.11 (1.08 - 1.15)
	<.001

	Change in YMRS total from baseline to third previous evaluation from randomization, (YMRS(-3)
	1.05 (1.01 – 1.09)
	.019
	1.09 (1.05 - 1.12)
	<.001

	Max severity of metabolic-related AE (from 0 to 3) during all prerandomization visits 
	0.63 (0.44 – 0.91)
	.013
	
	n.s.

	Max severity of any AE (from 0 to 3) during all prerandomization visits
	
	n.s.
	0.8 (0.66 - 0.96).
	.019

	Male gender  (yes/no)
	1.88 (1.13 - 3.12)
	.015
	
	n.s.

	Age (years)
	0.94 (0.92 - 0.96)
	<.001
	
	n.s.

	Previous use of lithium (yes/no)
	
	n.s.
	2.3 (1.56 - 3.39)
	<.001

	Weight at prerandomization visit (kg)
	1.07 (1.05 - 1.09)
	<.001
	1.02 (1.01 - 1.04)
	<.001


Abbreviations:  AE=adverse event; CI=confidence interval; YMRS=Young Mania Rating Scale. 

a Coefficients were estimated by applying ordinal logistic regression models within each treatment group for prescribed dose during randomization visit interval as dependent variable. The variables were selected using stepwise forward variable selection from a larger set including YMRS and HAMD21 severity scores at baseline and changes to prerandomization visits, severity of AE events (any AE and grouped as psychiatric AE, metabolic AE and EPS-related AE), diseased features (rapid cycling, psychotic features, mixed index episode, previous use of lithium, number of manic, depressive and mixed episodes during last year, age at onset of illness, length of current episode, number of previous hospitalizations), body weight, and demographics (age, gender). 

“n.s.” designates variables that were not evaluated because they were not selected by stepwise forward selection Cox model.
Table 2. Relationship between Probability of Having a Higher Dose during Any Postrandomization Visit Interval and Recent Efficacy and Safety Outcomes

	Potential time-dependent predictors of dose level during a current visit interval 
	Lithium Dose (<600 mg/day, 600-1200 mg/day, >1200 mg/day)
	Olanzapine Dose (<10 mg/day, 10, 15, and 20 mg/day)

	
	odds ratioa
(95% CI)
	p-value
	odds ratioa
(95% CI)
	p-value

	
	
	
	
	

	Score of YMRS total at previous evaluation, YMRS(t-1)
	1.16 (1.06-1.27)
	<.001
	1.16 (1.08-1.24)
	<.0001

	Score of YMRS total at second previous evaluation, YMRS(t-2)
	
	n.s.
	1.20 (1.07-1.33)
	.001

	Score of HAMD21 total at previous evaluation HAMD21(t-1)
	
	n.s.
	
	n.s.

	Score of HAMD21 total at second previous evaluation HAMD21(t-2)
	
	n.s.
	1.17 (1.01-1.35)
	.039

	Max severity of any AE (from 0 to 3) during previous visit interval 
	
	n.s.
	
	n.s.


Abbreviations:  AE=adverse event; CI=confidence interval; HAMD=Hamilton Rating Scale for Depression; YMRS=Young Mania Rating Scale.

a Coefficients for time-dependent variables were estimated by applying ordinal logistic regression models within each treatment group for prescribed dose during current visit interval as dependent variable. Other variables in the model (not shown here) were “previous dose level” fitted as categorical variable and prerandomization & baseline covariates identified by stepwise variable selection for dose at randomization (see Table 2): severity scores at baseline, changes in disease severity from baseline to prerandomization, and patient demographics (gender and age).

“n.s.” designates variables that were not evaluated because they were not selected by stepwise forward selection Cox model.
