
• Dysregulated sleep is highly predictive of impending affective instability in bipolar 
disorder (BD) patients.

• Direction and timescale of the relationship between sleep and symptom severity 
are difficult to identify because we cannot directly and precisely control sleep 
quality or symptom severity in clinical trials.

• Cross-lagged correlation techniques are a methodological strategy for exploring 
temporal and directional relationships between variables that cannot be 
randomized. 

• Our aim was to use this methodological strategy to generate insights into the 
directional relationships between sleep and BD symptoms and the timescale of 
those relationships. 

Pilot

Introduction

PROCEDURE
• Recruited from Mount Sinai School of Medicine (MSSM) outpatient psychiatry 

clinics and community advertisements.
• Study aimed to evaluate the safety, tolerability and potential cognitive 

enhancement properties of modafinil in patients with BD.
• Nine study visits one week apart (enrolled for 8 weeks).
• Assessed mood, cognitive and psychosocial functioning, and sleep quality. 

ELIGIBILITY CRITERIA
• Age 18-55; DSM-IV diagnosis of BD I or II.
• Affective stability (i.e., CARS-M<8 and Ham-D<12 at screening and baseline).

KEY MEASURES
• Hamilton Depression Rating Scale (Ham-D) – Higher scores indicate higher 

severity of depression. 
• Clinician Administered Rating Scale for Mania (CARS-M) – Higher scores 

indicate more severe symptoms of mania. 
• Pittsburg Sleep Quality Index (PSQI) – Higher scores indicate worse sleep 

quality. 

DATA ANALYSIS 
• Series of exploratory mixed-effects models with symptom severity (Ham-D and 

CARS-M) predicting sleep quality (PSQI) and vice versa. 
• All analyses were conducted across 1-week and 2-week lags to explore the 

timescale of relationships observed.
• Models included time (week in study) as a covariate and, for two-week lags, 

included the prior week’s HAM-D or CARS and PSQI as covariates.

Data Analysis & Results

Table 1. Characteristics of Final Sample (N=12)

• Findings suggest that poor sleep quality precedes worsened depressive symptoms over a one-week timeframe and worsened manic symptoms over a two-
week timeframe. 

• Findings should be interpreted as preliminary given that the sample was small and affective stability was an eligibility criterion. Future studies must evaluate 
resulting hypotheses in larger, more heterogeneous samples and must correct for multiple comparisons. 

• The possibility of confounding variables that better explain observed relationships is a drawback of this analytic approach. Although our analyses controlled 
for some possible confounding variables (e.g., time, modafinil assignment), unknown confounding variables could still explain observed relationships.

• Future studies using digital tools to collect higher-frequency and more objective sleep and mood data could help better understand observed relationships.

Relationships Between Manic Symptoms and Sleep

Conclusions, Limitations & Future Implications

*Note. Shown are mean ± standard deviation or total number (%). BP I = Bipolar Disorder I.
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Demographics Clinical Features

Gender - Male 3 (25.0%) Diagnosis – BP I 11 (91.7%)

Age 46.9 ± 12.0 Received Trial Medication 7 (58.3%)

Racial Minority 7 (58.3%) HAM-D 6.6 ± 3.4

Hispanic 2 (16.7%) CARS-M 1.67  ± 2.5

Completed 
College 7 (58.3%) PSQI 9.9 ± 3.9

Methods

Predictor DV 𝜷 DF p-value

Predictor Lagged by One Week
(controlling for week in study and the DV lagged by one week in the model)

CARS-M PSQI -0.04 45 0.80

PSQI CARS-M 0.16 52 0.14

Predictor Lagged by Two Weeks
(Controlling for week in study, predictor lagged by one week, and DV lagged by one week in the model)

CARS-M PSQI 0.19 37 0.28

PSQI CARS-M 0.29 38 0.02*

Predictor DV 𝜷 DF p-value

Predictor Lagged by One Week
(controlling for week in study and the DV lagged by one week in the model)

Ham-D PSQI 0.09 44 0.21

PSQI Ham-D 0.36 51 0.04*

Predictor Lagged by Two Weeks
(Controlling for week in study, predictor lagged by one week, and DV lagged by one week in the model)

Ham-D PSQI 0.10 35 0.28

PSQI Ham-D 0.13 38 0.56

Note. DV = dependent variable; β = unstandardized partial regression coefficient; DF = degrees of freedom. CARS-M = Clinician Administered Rating Scale for Mania; PSQI = Pittsburg Sleep 
Quality Index; Ham-D = Hamilton Depression Rating Scale. * = significant finding. 

KEY FINDINGS (see figure)

1. Positive significant relationship 
between PSQI and Ham-D one 
week later, but not across the 
two-week lag or in the other 
direction.

2. Positive significant relationship 
between PSQI and CARS-M 
two weeks later, but not across 
a one-week lag or in the other 
direction.

3. All findings remained significant 
and in the same direction when 
modafinil assignment (yes/no) 
was included as a predictor in 
each model.

Figure 1. Path Diagram Representation of Cross Lagged Effects. Solid black arrows indicate one-week lagged effects, and dashed red arrows indicate two-week
lagged effects. Yellow arrows indicate statistically significant effects. Dotted lines indicate further extensions into the future. Double-headed arrows indicate an initial 
correlation. Numbers indicate the percent variance accounted for by the predictor variable (without control variables in the model).


