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The Methodological Questions Being Addressed: Evaluation of longitudinal relationships 
between non-randomizable variables in the context of clinical trials 
 
Introduction (Aims): Dysregulated sleep is highly predictive of impending affective instability in 
bipolar disorder (BD) patients. However, the direction and timescale of the relationship between 
sleep and symptom severity have been difficult to identify because we cannot directly and 
precisely control sleep quality or symptom severity in clinical trials. Our aim was to use existing 
pilot data from a small clinical trial in BD patients to evaluate the directional influences between 
sleep and BD symptoms and the timescale of those influences.  
 
Methods: Participants were 12 BD patients who were currently stable (i.e., neither clinically 
depressed or manic) and enrolled in a clinical trial of Modafinil. The sample was predominantly 
white (58.3%) and female (66.7%) and the mean age was 46.9 years. All patients completed the 
self-report Pittsburgh Sleep Quality Index (PSQI) and the clinician-administered Hamilton 
Depression Rating Scale (HAM-D) and the Clinician Administered Rating Scale for Mania 
(CARS-M) on a weekly basis over 8-weeks. Our analytic strategy included running a series of 
exploratory mixed-effects models with 1-week and 2-week lags on various predictors. We ran 
analyses in which PSQI was the dependent variable and symptom severity predictors were 
lagged by 1 week and 2 weeks. We also ran the reverse—analyses where symptom severities 
were the dependent variable and PSQI lagged by 1 and 2 weeks was the predictor—to obtain 
evidence as to the dominant direction of the relationship between variables. All analyses 
included as covariates time (week of study) as well as the dependent variable itself at an earlier 
lag. This cross-lagged panel analytic strategy is intended to explore directional influences 
between variables over time.  
 
Results: We found a positive and significant relationship between the PSQI and HAM-D in both 
directions across the 1-week lag (p<0.05). When PSQI was the predictor it accounted for 11.5% 
of the variance in HAM-D one week later. When HAM-D was the predictor, it accounted for 
16.4% of the variance in PSQI one week later. We also found a negative significant relationship 
between PSQI lagged by two weeks and CARS-M (p<0.05). This relationship accounted for 
21.7% of the variance in CARS-M. The relationship between CARS-M lagged by two weeks and 
PSQI was not significant.  
 
Conclusions: Findings suggest a synergistic or bi-directional relationship between sleep quality 
and depressive symptoms across a one-week time frame. This relationship appears more 
strongly driven by depressive symptoms producing disturbances in sleep quality rather than vice 
versa. Findings also suggest that poor sleep quality may produce or at least be related to higher 
intensity of manic symptoms two weeks later. Findings should be interpreted as preliminary and 
exploratory. Given the small sample size, we did not correct for multiple analyses, and findings 
may have been different in a more symptomatic sample. Nevertheless, findings warrant further 
evaluation in a larger sample, for which we are currently collecting data. Additionally, the 
analytic framework used offers possibilities for extracting evidence of possible causal 



relationships from longitudinal data when it is not feasible to directly or precisely control the 
variables of interest. 
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