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Abstract
Background
Evidence suggests that patients with bipolar disorder (BD) experience biological rhythm disturbances; however, no studies have examined the impact of this disruption on quality of life (QOL). The aim of this study is to investigate the influence of biological rhythm, depressive symptoms, sleep quality, and sleep medication use on QOL in BD.

Methods
Eighty BD subjects (44 depressed and 36 euthymic) completed questionnaires assessing QOL (WHOQOL-BREF), biological rhythm disruption (BRIAN), depressive symptoms (MADRS), and sleep quality (PSQI). The impact of biological rhythm disturbance, depressive symptoms severity, sleep quality, and sleep medication use on QOL was determined with multiple regression analyses.

Results
BRIAN (β = −0.31, t = −2.73, p < 0.01), MADRS (β = −0.30, t = −2.93, p < 0.01), and sleep medication use (β = −0.45, t = −2.55, p < 0.05) were significant predictors of QOL in this model (F
                           4, 75 = 20.28; p < 0.0001). The relationship of these factors with subdomains of QOL showed that poorer social QOL was associated with greater biological rhythm disturbance (β = −0.43, t = −3.66, p < 0.01) and sleep medication use (β = −0.49, t = −2.35, p < 0.01), providing support for the social rhythm theory of BD. Physical QOL was associated with depression (β = −0.30, t = −2.93, p < 0.01) and biological rhythm disruption (β = −0.31, t = −2.73, p < 0.01). Main limitations include the cross-sectional assessment and the lack of objective measures of biological rhythms in relation to QOL.

Conclusions
Disruption in biological rhythm is associated with poor QOL in BD, independent of sleep disturbance, sleep medication use, and severity of depression. Treatment strategies targeting regulation of biological rhythms, such as sleep/wake cycles, eating patterns, activities, and social rhythms, are likely to improve QOL in this population.
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Background
Bipolar disorder (BD) is a complex and debilitating disorder that affects about 4 % of the general population (Merikangas et al. 2007). BD was previously considered a cyclic disorder consisting of alterations between depressive or manic episodes and periods of euthymia. More recently, there has been a reconceptualization of BD as a chronic and multisystemic disorder, given that a substantial proportion of symptoms of BD do not completely remit even when patients are not experiencing an acute mood episode (Leboyer and Kupfer 2010). Cognitive impairment, difficulties in relationships, and social and occupational functioning also often persist during clinical remission (Giglio et al. 2010). Therefore, it is critical to understand the mechanisms that may contribute to the inter-episodic dysfunction of BD. In this regard, some of the most common problems observed during periods of remission are sleep and circadian rhythm disturbances (Harvey et al. 2005). Studies based on subjective measures of sleep quality showed that remitted BD subjects report many of the same disturbances as individuals with primary insomnia, such as decreased sleep efficiency, elevated sleep-related anxiety (Harvey et al. 2005), and more daytime sleepiness (Amand et al. 2013). A recent study showed that euthymic BD subjects experienced significantly poorer sleep quality compared to healthy controls, based on multiple components of a subjective measure of sleep quality (Rocha et al. 2013). Perhaps more importantly, sleep disturbance is the most commonly reported prodromal symptom of mania and the sixth most prominent for depression (Jackson et al. 2003).
Sleep/wake cycles follow a nearly 24-h rhythm known as circadian rhythm. Circadian rhythms can be entrained by external cues known as zeitgebers. Zeitgebers can be either physical stimuli (e.g., light) or social events such as timing of general activities or meals (Juda et al. 2013; Patton and Mistlberger 2013). Actigraphic assessments of biological rhythms in euthymic BD subjects showed greater variability in circadian activity compared to controls (Jones et al. 2005), variability of sleep duration (Millar et al. 2004), and lower daily activity levels (Salvatore et al. 2008). A recent study used actigraphy in young people with recent onset of a mood disorder, and results suggest that less robust circadian rhythmicity was associated with longer duration of illness and increasing symptom severity, suggesting this as a trait marker for young people at risk for BD (Grierson et al. 2016). Measurement of melatonin secretion, the primary hormone for circadian rhythm synchronization, also indicates changes in circadian rhythms in BD (Nathan et al. 1999). Ehlers et al. (1988) first proposed the social zeitgeber theory, in which individuals with BD are more vulnerable to social routine and sleep disturbances that may predispose them to the onset of mood episodes. Stressful life events, which disrupt routines and social rhythms (zeitgebers), can put individuals with BD at risk for a mood episode (Shen et al. 2008). Pinho et al. (2015) were the first to show that as depressive symptom severity increase, so do biological rhythm disturbance in BD patients. A recent study in a drug-naïve community sample showed that biological rhythms were more disturbed in subjects with BD compared to controls (Duarte Faria et al. 2015). Taken together, these studies show that disturbances in sleep and biological rhythms are seen throughout the course of the disorder, suggesting this disturbance can be seen as both state and trait markers of BD.
Quality of life (QOL) is a subjective measure of satisfaction with aspects of life such as physical and psychological health, social relationships, and environment (The WHOQOL Group 1995), and has consistently been shown to be decreased in BD patients (Michalak et al. 2005). Many of these QOL domains overlap with aspects that contribute to social and biological rhythms. For instance, Giglio et al. (2008) found that euthymic BD subjects with symptoms of insomnia had lower QOL than those without sleep disturbance. It has been suggested that sleep alterations may contribute to impaired QOL in BD possibly due to the effects of poor sleep quality on concentration, cognition, and memory (Giglio et al. 2008). Severity of depressive symptoms is also a strong predictor of poor QOL in BD (Amini and Sharifi 2012; Yatham et al. 2004). In fact, depressed BD patients experience more impairment in QOL than unipolar depressed patients, even when severity of depression was taken into account (Berlim et al. 2004). It has been suggested that cognitive distortions experienced during acute depression may have a negative impact on subjective ratings of QOL (Michalak et al. 2005).
As disturbances in sleep and biological rhythms are prominent features of BD, a better understanding of how these symptoms relate to overall sense of well-being and QOL is required. To the best of our knowledge, the interplay of depressive symptoms, sleep quality, and biological rhythms on QOL has not been studied in euthymic and depressed BD subjects. In addition, many psychotropic drugs used in the treatment of BD can affect sleep, but it is still unclear how these drugs may moderate the impact of sleep and biological rhythms on QOL. The objective of the present study was to examine the impact of sleep, biological rhythms, sleep medication use, and severity of depression on QOL in a well-characterized sample of euthymic and depressed BD subjects. The impact of these factors was measured on overall and specific domains of QOL such as physical, psychological, social relationships, and environment. We hypothesized that abnormalities in biological rhythms would be independently associated with poor QOL in individuals with BD.

Methods
Participants
Eighty patients with BD type I (n = 58), BD type II (n = 21), or NOS (n = 1) were recruited from the Mood Disorders Program and Women’s Health Concerns Clinic at St. Joseph’s Healthcare Hamilton, Ontario. The study was approved by the ethics committee of St. Joseph’s Healthcare Hamilton and Hamilton Health Sciences. All participants gave written informed consent to take part in the study, in accordance with declaration of Helsinki. The diagnosis of BD was confirmed with the structured clinical interview for the DSM-IV (SCID-I), as assessed by a trained research nurse and graduate student. Patients with BD were included in the study if they either met criteria for a current major depressive episode (n = 44) or if they did not meet criteria for any current mood episode (n = 36) according to the SCID-I. Patients were excluded if they met criteria for a current hypomanic, manic, or mixed episode.

Clinical instruments
QOL was measured using the World Health Organization Quality of Life assessment (WHOQOL-BREF), which consists of 26 items, covering four domains of QOL: physical health (7 items), psychological (6 items), social relationships (3 items), and environment (8 items), with greater scores indicating better QOL (The WHOQOL Group 1995). This scale has been validated and widely used in BD research (Michalak et al. 2005). The Montgomery-Åsberg Depression Rating Scale (MADRS) was employed to measure depressive symptom severity (Montgomery and Asberg 1979). Degree of biological rhythm disruption was measured with the Biological Rhythm Interview of Assessment in Neuropsychiatry (BRIAN). The BRIAN consists of 18-items measuring sleep, overall activities, social rhythm, and eating behavior scored from 1 (no difficulties) to 4 (serious difficulties), with greater scores indicating more biological rhythm disruption. This scale has been validated in BD patients in its ability to discriminate euthymic BD and controls (Giglio et al. 2009). The BRIAN scale has previously been used in conjunction with measures of cognitive functioning in euthymic BD patients and showed that biological rhythm disruption was a predictor of poorer functioning (Giglio et al. 2010). Pittsburgh Sleep Quality Index (PSQI) was used to measure subjective sleep quality (Buysse et al. 1989). The PSQI is a standardized self-rating questionnaire which evaluates seven components of sleep quality, including subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. To more closely examine the use of sleep medications on QOL, a separate factor was included based on the answer to “use of sleep medication” (component 6). Sleep medication status was categorized as ‘yes’ if participants reported using sleep medications either ‘once or twice a week’ or ‘more than three times per week’ on component 6 of the PSQI. This response was cross-referenced with medications recorded for each participant during the clinical assessments (including bedtime use of benzodiazepines, zopiclone, quetiapine, or over-the-counter compounds such as melatonin).

Statistical analysis
All analyses were performed with R (Version 3.1.0, R Development Core Team, 2014). Multiple regression analysis was performed using MADRS, PSQI, BRIAN, and sleep medication status as predictors, and overall WHOQOL-BREF scores as the dependent variable. To avoid colinearity between PSQI and sleep medication factor, the PSQI subscale for “use of medication” (component 6) was dropped from the total PSQI score, as previously done by (Giglio et al. 2010). Since the sample is 80 % females, sex was added to the model but was not a significant factor (p > 0.05). Assumptions of linear regression were tested with Shapiro–Wilk test (normality), partial residuals plots (linearity), Durbin–Watson test (independence of errors), non-constant error variance (homoscedasticity), and variance inflation factor test (multicollinearity). Each model met the assumption of multicollinearity, meaning each of the regressors was independent from each other.
To further investigate the relationships involved in the overall QOL, multiple linear regressions for each separate subdomain of the WHOQOL-BREF (physical health, psychological health, social relationships, and environment QOL) were performed, including predictors that were significant with overall WHOQOL-BREF scores. In order to control for multiple comparisons, Bonferroni correction was set at p = 0.05/4 = 0.0125.


Results
Demographic and clinical data are displayed in Table 1. In patients with BD, lower QOL was correlated with greater depressive symptoms (r
                        P = −0.60, 95 % CI [−0.72, −0.43], p < 0.001), greater biological rhythm disruption (r
                        P = −0.60, 95 % CI [−0.72, −0.44], p < 0.001), and poorer sleep quality (r
                        P = −0.55, 95 % CI [−0.68, −0.37], p < 0.001). Results from the regression analyses are reported in Table 2. Multiple regression analyses indicated that BRIAN, MADRS, PSQI, and sleep medication use explained 49.4 % of the variance in total WHOQOL-BREF scores (F
                        4,75 = 20.28; p < 0.0001). In this model, BRIAN (β = −0.31, t = −2.73, p < 0.01), MADRS scores (β = −0.30, t = −2.93, p < 0.01), and sleep medication use (β = −0.45, t = −2.55, p < 0.05) were independent predictors of QOL, whereas PSQI scores were not associated with overall QOL (p > 0.05).Table 1Demographic and clinical characteristics of participants


	Variable
	Bipolar sample (n = 80)

	Mean age, years (SD)
	42.62 (12.88)

	 Range
	20–66

	Sex

	 Female
	64 (80.0%)

	 Male
	16 (20.0%)

	Occupation status

	 Employed
	38 (47.5 %)

	 Unemployed
	38 (47.5 %)

	 No data
	4 (5.0 %)

	 Education, years (SD)
	15.24 (3.11)

	Current psychiatric comorbidities, n (%)

	 Alcohol/substance abuse
	11 (13.8 %)

	 Eating disorders
	2 (2.5 %)

	 Generalized anxiety disorder
	11 (13.8 %)

	 Obsessive compulsive disorder
	4 (5.0 %)

	 Panic disorder
	7 (8.8 %)

	 Post traumatic stress disorder
	10 (12.5 %)

	 Social phobia
	12 (15.0 %)

	 Specific phobia
	3 (3.8 %)

	Psychiatric medications, n (%)

	 Mood stabilizers
	47 (58.8 %)

	 Anti-psychotics
	40 (50.0 %)

	 Antidepressants
	44 (55.0 %)

	 Anxiolytics
	40 (50.0 %)

	Sleep medication use

	 Yes
	54 (67.5 %)

	 No
	26 (32.5 %)

	Mean total WHOQOL (SD)
	202.91 (61.51)

	 Range
	75–326

	Mean WHOQOL-physical QOL (SD)
	51.35 (17.69)

	 Range
	6–88

	Mean WHOQOL-psychological QOL (SD)
	41.11 (20.31)

	 Range
	0–81

	Mean WHOQOL-social QOL (SD)
	44.74 (25.30)

	 Range
	0–100

	Mean WHOQOL-environmental QOL (SD)
	65.71 (16.48)

	 Range
	19–100

	Mean MADRS (SD)
	16.76 (10.55)

	 Range
	0–38

	Mean BRIAN (SD)
	47.69 (10.06)

	 Range
	29–69

	Mean PSQI (without component 6) (SD)
	8.35 (3.88)

	 Range
	2–20




                        Table 2Multiple linear regression analysis on total WHOQOL-BREF scores


	 	Standardized coefficient (β)
	Standard error
	Unstandardized coefficients (b)
	Standard error
	
                                          t value
	Pearson’s r
                                       

	MADRS
	−0.30**
	0.10
	−1.73
	0.59
	−2.93
	−0.60**

	BRIAN
	−0.31**
	0.11
	−1.87
	0.69
	−2.73
	−0.60**

	PSQI (no meds)
	−0.16
	0.11
	−2.61
	1.70
	−1.54
	−0.55**

	Sleep meds
	−0.45*
	0.17
	−27.47
	10.76
	−2.55
	n/a


Adj. r
                                 2 = 0.494, f = 20.28, df = 4, 75, p < 0.0001
* Significant at p < 0.05
** Significant at p < 0.01



                     
Next, in order to better understand if depressive symptoms, biological rhythms, and medication use were associated with physical, social, psychological, and environmental QOL, multiple linear regressions for each WHOQOL-BREF domain were performed with MADRS, BRIAN, and sleep medication status as predictors (Table 3a–d):Table 3Multiple linear regression analysis on WHOQOL-BREF (a) physical, (b) psychological, (c) social, and (d) environmental QOL subdomain


	 	Standardized coefficient (β)
	Standard error
	Unstandardized coefficients (b)
	Standard error
	
                                          t value
	Pearson’s r
                                       

	(a) Physicala
                                       

	 MADRS
	−0.36**
	0.11
	−0.60
	0.19
	−3.21
	−0.55**

	 BRIAN
	−0.28**
	0.11
	−0.50
	0.19
	−2.58
	−0.50**

	 Sleep Meds
	−0.33
	0.20
	−5.88
	3.47
	−1.69
	n/a

	(b) Psychologicalb
                                       

	 MADRS
	−0.66**
	0.09
	−1.27
	0.17
	−7.31
	−0.76**

	 BRIAN
	−0.16
	0.09
	−0.33
	0.18
	−1.85
	−0.54**

	 Sleep Meds
	−0.10
	0.16
	−2.11
	3.2051
	−0.66
	n/a

	(c) Socialc
                                       

	 MADRS
	−0.07
	0.12
	−0.16
	0.29
	−0.58
	−0.36**

	 BRIAN
	−0.43**
	0.12
	−1.07
	0.29
	−3.66
	−0.49**

	 Sleep Meds
	−0.49**
	0.21
	−12.41
	5.28
	−2.35
	n/a

	(d) Environmentald
                                       

	 MADRS
	0.06
	0.13
	12.56
	25.68
	0.49
	−0.15

	 BRIAN
	−0.30*
	0.13
	−62.46
	26.42
	−2.36
	−0.28*

	 Sleep Meds
	−0.56*
	0.23
	−1154.34
	475.27
	−2.43
	n/a



                                 aAdj. r
                                 2 = 0.3563, f = 15.57, df = 3, 76, p < 0.000

                                 bAdj. r
                                 2 = 0.5829, f = 37.8, df = 3, 76, p < 0.0001

                                 cAdj. r
                                 2 = 0.2703, f = 10.75, df = 3, 76, p < 0.0001

                                 dAdj. r
                                 2 = 0.1171, f = 4.49, df = 3, 76, p < 0.01
* Significant at p < 0.05
** Significant at Bonferroni-corrected p < 0.0125



                     
Physical QOL
Physical QOL was independently associated with both MADRS (β = −0.36, t = −3.21, p < 0.01) and BRIAN scores (β = −0.28, t = −2.58, p < 0.01; Table 3a).

Psychological QOL
Psychological QOL was strongly associated with MADRS (β = −0.66, t = −7.31, p < 0.01), but not with BRIAN or sleep medication use (both p > 0.05; Table 3b).

Social QOL
Social QOL was independently associated with BRIAN (β = −0.43, t = −3.66, p < 0.01) and sleep medication status (β = −0.49, t = −2.35, p < 0.01), but not with MADRS (p > 0.05; Table 3c).

Environment QOL
Environment QOL scores were transformed (squared) to meet the assumption of normality. Environment QOL was associated with BRIAN (β = −0.30, t = −2.36, p < 0.05) and sleep medication use (β = −0.56, t = −2.43, p < 0.05; Table 3d). However, neither of these associations were considered significant after Bonferroni correction for multiple comparisons (p = 0.0125).


Discussion
This is the first study to investigate the relationship between biological rhythms and QOL in individuals with BD. The novel finding of this study is that self-reported disruption in biological rhythms was strongly associated with poor overall QOL in individuals with BD, independent of severity of depressive symptoms, sleep disturbance, and use of sleep medications. Results from the overall QOL regression (Table 2) show that despite a significant correlation between total WHOQOL-BREF scores and PSQI scores, subjective sleep quality is not significantly associated with overall QOL when depression severity, rhythm disruption, and sleep medication status are taken into account. BRIAN scale contains five questions that measure sleep disturbance as it contributes to biological rhythm disruption. It is likely that these sleep questions within the BRIAN scale are sensitive enough to account for the impact of sleep quality on QOL variation in patients with BD. Previous research implicated biological rhythm disturbance in various domains of functioning that are directly or indirectly related to QOL. For instance, Giglio et al. (2010) found that overall functioning (including measures of autonomy, work, cognition, financial, and interpersonal issues) was best predicted by biological rhythms as measured by BRIAN in euthymic BD subjects. In a large multi-center study, we have recently found that biological rhythms and depressive symptom severity were independently associated with worse psychosocial functioning in BD patients (Pinho et al. 2015). Even in periods of euthymia, BD subjects tend to report a later daily first social and work contact as compared to matched controls (Jones et al. 2005). Similarly, occupational functioning was more quickly improved in BD patients after therapy focused on regulation of social rhythms (interpersonal social rhythm therapy; IPSRT) compared to a psychoeducational therapy (Frank et al. 2008). Our results suggest that therapies targeting the regulation of biological rhythms such as IPSRT, exercise, psychoeducation, light therapy, sleep hygiene, cognitive behavioral therapy for insomnia, etc., may have a direct impact in improving QOL along with symptom recovery in BD. Considering that biological rhythm disturbance predicted decreased QOL better than sleep quality alone, this suggests that other factors associated with biological rhythms like eating patterns, activities, and social rhythms also play an important role in overall QOL.
Next, we investigated how the BRIAN, MADRS, and sleep medication use impacted each subdomain of QOL. We found that worse social QOL was significantly associated with biological rhythm disturbance (BRIAN) and use of sleep medications, but not with depression severity. Social zeitgebers that contribute to maintaining regular biological rhythms include personal relationships, and social demands and tasks (Frank et al. 2000), which are all directly associated with social relationship satisfaction. Given the findings that individuals with BD experience insecure attachment and lower levels of social support (Greenberg et al. 2014), it is to be expected that there may be alterations in social zeitgebers in these patients. This result is also consistent with the social zeitgeber theory which implies that disruptions in social cues and daily social interactions are associated with worse clinical outcomes (Ehlers et al. 1988). IPSRT utilizes the social rhythm metric for sleep/wake times, mealtimes, time spent with others, and work periods to understand where and when the rhythm disturbance is occurring (Frank et al. 2000). A recent trial of IPSRT in treating young people with BD found that targeting the stabilization of social rhythms resulted in improved social functioning (Inder et al. 2014). Whether or not the benefit of IPSRT translates into better overall QOL remains to be studied. In addition, future studies that directly assess the association between biological rhythms and social factors such as attachment, intimacy, and perceived social support are required. Overall, these results provide evidence for the importance of maintaining regular daily routines, and in turn biological rhythms, for improving life satisfaction in social relationships in patients with BD.
We also found that physical QOL was independently associated with biological rhythm disruption and depressive symptom severity. BD is conceptualized as a multisystemic chronic illness associated with higher medical burden such as increased rates of cardiovascular disease, obesity, diabetes, etc. (Leboyer and Kupfer 2010). A recent study found that BD patients had poorer physical health than healthy controls, even when sleep and physical activity were similar between the groups (McGlinchey et al. 2014). Another study investigating the relationship between social and circadian rhythm regulation and physical health in healthy individuals showed that greater discrepancies between social and circadian rhythms resulted in higher cortisol levels, poorer sleep, and greater cardiovascular risk factors (Rutters et al. 2014). To our knowledge, the relationship between biological rhythms and physical health has not been studied in BD. Understanding the mechanisms and neurobiology of this relationship is an important future direction of research in this field.
In our study, use of sleep medications was associated with poor overall QOL in BD (Table 2). The impact of sleep medication on individual domains of QOL was stronger for social QOL. Previous studies found an association between sleep medication use and impaired physical, but not psychological QOL in individuals with and without insomnia (Sasai et al. 2010). However, our results do not show a relationship between sleep medication use and physical QOL in BD patients. This may be a valid comparison to our sample of BD subjects, since sleep disturbances commonly observed in periods of euthymia in BD are comparable to those seen in individuals with primary insomnia (Harvey et al. 2005). Therefore, it is possible that the use of sleep medications is associated with poor QOL in BD because more severe forms of BD have greater sleep disturbances, which would, in turn, increase the need for use of sleep aids. Side effects of sleep aids such as sedation, fatigue, and dizziness may also play a role in decreasing QOL. Notably, preclinical studies found that mood stabilizers, such as lithium and valproate, can regulate the expression of circadian rhythm genes (Johansson et al. 2011; Yin et al. 2006). This is consistent with human studies showing that these mood stabilizers reduce the melatonin light sensitivity in healthy volunteers (Hallam et al. 2005a, b). Unfortunately, the cross-sectional nature of our study does not allow us to determine the directionality of this relationship.
Finally, we replicated previous findings that the severity of depressive symptoms is an independent predictor of poor QOL (Michalak et al. 2005). Yatham et al. (2004) previously showed that QOL was inversely correlated with severity of depression in both unipolar and bipolar depression. However, it is worth mentioning that QOL is not merely an inverse measure of depression, since QOL improvements typically lag after remission of depressive symptoms (Murray and Michalak 2012). For instance, a study on the treatment of BD depression with quetiapine found that improvement in QOL was positively correlated with improvement in depressive and anxiety symptoms and sleep quality, and that this relationship increased over time (Endicott et al. 2008). We are not aware of any study reporting longitudinal investigation of the impact of circadian rhythm improvement on QOL.
Some of the main limitations of our study include the cross-sectional design and the lack of objective measures of biological rhythms in relation to QOL. Another limitation is that BD subjects experiencing manic, hypomanic, or mixed episodes were excluded. Recent studies found that reports of QOL during manic and hypomanic episodes tend to be less impaired than during depressive or mixed states (Jansen et al. 2013; Michalak et al. 2013). As disturbance of circadian rhythms have also been associated with onset of manic episodes (Jackson et al. 2003), studies on the impact of biological rhythm disruption on QOL in manic/hypomanic subjects are warranted. A further limitation of our study is that participants with comorbid psychiatric diagnoses were included in the study (see Table 1), which may influence these results. Comorbid anxiety and substance/alcohol abuse or dependence are common in BD, and these illnesses are known to influence QOL; however, the influence on circadian rhythms remains to be studied.
A future direction of the present study is to correlate the subjective measures of biological rhythm (BRIAN) with objective measures of circadian rhythm disturbance, such as actigraphy. This would help in understanding whether disrupted schedules of sleep/wake cycles, meal timing, social rhythms, etc., are captured as disruptions in circadian rhythm measures. The BRIAN has previously been associated with increased levels of oxidative stress in BD patients (Cudney et al. 2014), but has not been evaluated with other biological measures. Sleep and circadian assessment with dim light melatonin onset (DLMO) and actigraphy have recently been studied in youth with mood symptoms: Results showed that disturbances in rhythms of melatonin and sleep quality differed in early stages of mood disorder (Naismith et al. 2012). DLMO was not associated with severity of depression or sleep quality rating scales (Naismith et al. 2012). Other studies have found that components of actigraphic measurements correlated with subjective ratings of total sleep time (Gonzalez et al. 2013), sleep latency, and phase preference (Boudebesse et al. 2014). Future studies are needed to evaluate whether objective measures of circadian rhythms such as melatonin/DLMO and actigraphic measures correspond with BRIAN scores.

Conclusions
In conclusion, we found that self-reported biological rhythms were strongly associated with QOL, independent of  severity of depressive symptoms, sleep quality, and use of sleeping aids in a sample of well-characterized euthymic and depressed BD subjects. Social QOL was particularly associated with biological rhythm disturbances, providing further evidence for social rhythm theory of BD. Our study suggests that biological rhythms may have a direct impact on QOL, which highlights the importance of interventions that target circadian rhythms in combination with pharmacotherapy in BD. Further studies investigating the neurobiology behind circadian rhythm disturbance in BD, and how pharmacological and non-pharmacological interventions interact with these systems are encouraged.

Authors’ contributions
LC, BF, and RS made contributions to conception and design of the study, as well as acquisition of data. LC, DS, and LM performed the statistical analyses and contributed to interpretation of the data. LC, BF, and RS wrote the first draft of the manuscript. All authors contributed to the final manuscript. All authors read and approved the final manuscript.
Acknowledgements
This study was sponsored in part by the Hamilton Health Sciences New Investigator Fund (Drs. Sassi and Frey).

Competing interests
Dr. Frey has received grant/research support from Alternative Funding Plan Innovations Award, Brain and Behavior Research Foundation, Canadian Institutes of Health Research, Hamilton Health Sciences Foundation, J.P. Bickell Foundation, Ontario Brain Institute, Ontario Mental Health Foundation, Society for Women’s Health Research, Eli Lilly and Pfizer, and has received consulting and/or speaker fees from AstraZeneca, Bristol-Myers Squibb, Canadian Psychiatric Association, CANMAT, Lundbeck, Pfizer, Servier, and Sunovion. Dr. Sassi has received consulting and/or speaker fees from BMS and Jansen. Dr. Minuzzi, Dr. Streiner, and Ms. Cudney report no conflicts of interest.



                           Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.

References
Amini H, Sharifi V. Quality of life in bipolar type I disorder in a one-year followup. Depress Res Treat. 2012;3:1–11.CrossRef

Berlim MT, Pargendler J, Caldieraro MA, Almeida EA, Fleck MPA, Joiner TE. Quality of life in unipolar and bipolar depression. J Nerv Ment Dis. 2004;192(11):792–5.CrossRefPubMed

Boudebesse C, Geoffroy PA, Bellivier F, Henry C, Folkard S, Leboyer M, et al. Correlations between objective and subjective sleep and circadian markers in remitted patients with bipolar disorder. Chronobiol Int. 2014;13:1–7.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The pittsburgh sleep quality index: a new instrument for psychiatric practice and research. Psychiatry Res. 1989;28(2):193–213.CrossRefPubMed

Cudney LE, Sassi RB, Behr GA, Streiner DL, Minuzzi L, Moreira JCF, et al. Alterations in circadian rhythms are associated with increased lipid peroxidation in females with bipolar disorder. Int J Neuropsychopharm. 2014;17(5):715–22.CrossRef

Duarte Faria A, Cardoso T de A, Campos Mondin T, Souza LD de M, Magalhaes PVDS, Patrick Zeni C, et al. Biological rhythms in bipolar and depressive disorders: a community study with drug-naïve young adults. J Affect Disord. 2015;186:145–8.CrossRefPubMed

Ehlers CL, Frank E, Kupfer DJ. Social zeitgebers and biological rhythms: a unified approach to understanding the etiology of depression. Arch Gen Psychiatry. 1988;45(10):948–52.CrossRefPubMed

Endicott J, Paulsson B, Gustafsson U, Schiöler H, Hassan M. Quetiapine monotherapy in the treatment of depressive episodes of bipolar I and II disorder: improvements in quality of life and quality of sleep. J Affect Disord. 2008;111(2–3):306–19.CrossRefPubMed

Frank E, Soreca I, Swartz HA, Fagiolini AM, Mallinger AG, Thase ME, et al. The role of interpersonal and social rhythm therapy in improving occupational functioning in patients with bipolar I disorder. Am J Psychiatry. 2008;165(12):1559–65.CrossRefPubMedPubMedCentral

Frank E, Swartz HA, Kupfer DJ. Interpersonal and social rhythm therapy: managing the chaos of bipolar disorder. Biol Psychiatry. 2000;48(6):593–604.CrossRefPubMed

Giglio LM, Magalhães PVS, Kapczinski NS, Walz JC, Kapczinski F. Functional impact of biological rhythm disturbance in bipolar disorder. J Psychiatr Res. 2010;44(4):220–3.CrossRefPubMed

Giglio LMF, Andreazza AC, Andersen M, Ceresér KM, Walz JC, Sterz L, et al. Sleep in bipolar patients. Sleep Breath. 2008;13(2):169–73.CrossRefPubMed

Giglio LMF, da Silva Magalhães PV, Andreazza AC, Walz JC, Jakobson L, Rucci P, et al. Development and use of a biological rhythm interview. J Affect Disord. 2009;118(1–3):161–5.CrossRefPubMed

Gonzalez R, Tamminga C, Tohen M, Suppes T. Comparison of objective and subjective assessments of sleep time in subjects with bipolar disorder. J Affect Disord. 2013;149:363–6.CrossRefPubMed

Greenberg S, Rosenblum KL, McInnis MG, Muzik M. The role of social relationships in bipolar disorder: a review. Psychiatry Res. 2014;219(2):248–54.CrossRefPubMed

Grierson AB, Hickie IB, Naismith SL, Hermens DF, Scott EM, Scott J. Circadian rhythmicity in emerging mood disorders: state or trait marker? Int J Bipolar Disord. 2016;4(1):3.CrossRefPubMedPubMedCentral

Hallam KT, Olver JS, Horgan JE, McGrath C, Norman TR. Low doses of lithium carbonate reduce melatonin light sensitivity in healthy volunteers. Int J Neuropsychopharmacol. 2005a;8(2):255–9.CrossRefPubMed

Hallam KT, Olver JS, Norman TR. Effect of sodium valproate on nocturnal melatonin sensitivity to light in healthy volunteers. Neuropsychopharmacology. 2005b;30(7):1400–4.PubMed

Harvey AG, Schmidt DA, Scarnà A, Semler CN, Goodwin GM. Sleep-related functioning in euthymic patients with bipolar disorder, patients with insomnia, and subjects without sleep problems. Am J Psychiatry. 2005;162(1):50–7.CrossRefPubMed

Inder ML, Crowe MT, Luty SE, Carter JD, Moor S, Frampton CM, et al. Randomized, controlled trial of interpersonal and social rhythm therapy for young people with bipolar disorder. Bipolar Disord. 2014;17(2):128–38.CrossRefPubMed

Jackson A, Cavanagh J, Scott J. A systematic review of manic and depressive prodromes. J Affect Disord. 2003;74(3):209–17.CrossRefPubMed

Jansen K, Campos Mondin T, de Azevedo Cardoso T, Costa Ores LD, de Mattos Souza LD, Tavares Pinheiro R, et al. Quality of life and mood disorder episodes: community sample. J Affect Disord. 2013;147(1–3):123–7.CrossRefPubMed

Johansson A-S, Brask J, Owe-Larsson B, Hetta J, Lundkvist GB. Valproic acid phase shifts the rhythmic expression of period2: luciferase. J Biol Rhythms. 2011;26(6):541–51.CrossRefPubMed

Jones SH, Hare DJ, Evershed K. Actigraphic assessment of circadian activity and sleep patterns in bipolar disorder. Bipolar Disord. 2005;7(2):176–86.CrossRefPubMed

Juda M, Vetter C, Roenneberg T. Chronotype modulates sleep duration, sleep quality, and social jet lag in shift-workers. J Biol Rhythms. 2013;28(2):141–51.CrossRefPubMed

Leboyer M, Kupfer DJ. Bipolar disorder: new perspectives in health care and prevention. J Clin Psychiatry. 2010;71(12):1689–95.CrossRefPubMedPubMedCentral

McGlinchey EL, Gershon A, Eidelman P, Kaplan KA, Harvey AG. Physical activity and sleep: day-to-day associations among individuals with and without bipolar disorder. Ment Health Phys Act. 2014;7(3):183–90.CrossRefPubMedPubMedCentral

Merikangas KR, Akiskal HS, Angst J, Greenberg PE, Hirschfeld RMA, Petukhova M, et al. Lifetime and 12-month prevalence of bipolar spectrum disorder in the national comorbidity survey replication. Arch Gen Psychiatry. 2007;64(5):543–52.CrossRefPubMedPubMedCentral

Michalak EE, Torres IJ, Bond DJ, Lam RW, Yatham LN. The relationship between clinical outcomes and quality of life in first-episode mania: a longitudinal analysis. Bipolar Disord. 2013;15(2):188–98.CrossRefPubMed

Michalak EE, Yatham LN, Lam RW. Quality of life in bipolar disorder: a review of the literature. Health Qual Life Outcomes. 2005;3(1):72.CrossRefPubMedPubMedCentral

Millar A, Espie CA, Scott J. The sleep of remitted bipolar outpatients: a controlled naturalistic study using actigraphy. J Affect Disord. 2004;80(2–3):145–53.CrossRefPubMed

Montgomery SA, Asberg M. A new depression scale designed to be sensitive to change. Br J Psychiatry. 1979;134:382–9.CrossRefPubMed

Murray G, Michalak EE. The quality of life construct in bipolar disorder research and practice: past, present, and possible futures. Bipolar Disord. 2012;14(8):793–6.CrossRefPubMed

Naismith SL, Hermens DF, Ip TKC, Bolitho S, Scott E, Rogers NL, et al. Circadian profiles in young people during the early stages of affective disorder. Transl Psychiatry. 2012;2:e123.CrossRefPubMedPubMedCentral

Nathan PJ, Burrows GD, Norman TR. Melatonin sensitivity to dim white light in affective disorders. Neuropsychopharmacology. 1999;21(3):408–13.CrossRefPubMed

Patton DF, Mistlberger RE. Circadian adaptations to meal timing: neuroendocrine mechanisms. Front Neurosci. 2013;7:185.CrossRefPubMedPubMedCentral

Pinho M, Sehmbi M, Cudney LE, Kauer-Sant’Anna M, Magalhães PV, Reinares M, et al. The association between biological rhythms, depression, and functioning in bipolar disorder: a large multi-center study. Acta Psychiatr Scand. 2015;133(2)102–8.

Rocha PMB, Neves FS, Corrêa H. Significant sleep disturbances in euthymic bipolar patients. Compr Psychiatry. 2013;54(7):1003–8.CrossRefPubMed

Rutters F, Lemmens SG, Adam TC, Bremmer MA, Elders PJ, Nijpels G, et al. Is social jetlag associated with an adverse endocrine, behavioral, and cardiovascular risk profile? J Biol Rhythms. 2014;29(5):377–83.CrossRefPubMed

Salvatore P, Ghidini S, Zita G, De Panfilis C, Lambertino S, Maggini C, et al. Circadian activity rhythm abnormalities in ill and recovered bipolar I disorder patients. Bipolar Disord. 2008;10(2):256–65.CrossRefPubMed

Sasai T, Inoue Y, Komada Y, Nomura T, Matsuura M, Matsushima E. Effects of insomnia and sleep medication on health-related quality of life. Sleep Med. 2010;11(5):452–7.CrossRefPubMed

Shen GHC, Alloy LB, Abramson LY, Sylvia LG. Social rhythm regularity and the onset of affective episodes in bipolar spectrum individuals. Bipolar Disord. 2008;10(4):520–9.CrossRefPubMedPubMedCentral

St-Amand J, Provencher MD, Bélanger L, Morin CM. Sleep disturbances in bipolar disorder during remission. J Affect Disord. 2013;146(1):112–9.CrossRefPubMed

The WHOQOL Group. The World Health Organization Quality of Life assessment (WHOQOL): position paper from the World Health Organization. Soc Sci Med. 1995;41(10):1403–9.CrossRef

Yatham LN, Lecrubier Y, Fieve RR, Davis KH, Harris SD, Krishnan AA. Quality of life in patients with bipolar I depression: data from 920 patients. Bipolar Disord. 2004;6(5):379–85.CrossRefPubMed

Yin L, Wang J, Klein PS, Lazar MA. Nuclear receptor reverba is a critical lithium-sensitive component of the circadian clock. Science. 2006;311:1002–5.CrossRefPubMed




OEBPS/sidebar.gif





OEBPS/contact.gif





