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Abstract
Background
Patients with bipolar disorder suffer from circadian rhythm disturbances, suggesting 
that changes in the circadian timing system may be an underlying pathophysiologi-
cal mechanism of this disorder. It is unclear whether these disturbances are limited to 
manic and depressive episodes. We therefore used actigraphy to study the circadian 
rest-activity cycle of patients in the euthymic phase of their illness and compared them 
to unaffected siblings and healthy controls. 

Methods
Patients with bipolar disorder type I, siblings and healthy controls enrolled in a 14-day 
actigraphy protocol as part of the Dutch Bipolar Cohort study (DBC). From the actigra-
phy data circadian variables were calculated and compared between the groups using 
multiple regression. In addition, chronotype (from the Munich Chronotype Question-
naire) was compared between the groups.

Results
107 patients, 72 siblings and 78 healthy controls were included. There were no dif-
ferences in the non-parametric circadian variables between the groups (all 7 vari-
ables p > 0.007), neither was there a difference in chronotype. 

Conclusions
In this large sample of patients with bipolar disorder, we can conclude that neither 
euthymic bipolar patients, nor unaffected siblings, have more circadian rhythm distur-
bances than healthy controls. This shows patients outside mood episodes are able to 
maintain a stable rhythm and does not support reports suggesting that altered circadi-
an rhythmicity is a trait characteristic of bipolar disorder.
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Introduction
Bipolar disorder is a severe psychiatric disorder characterized by mood fluctuations oc-
curring in episodes, affecting around 1% of the population (1). Patients suffering from 
a mood episode experience problems in the regulation of the daily 24 hour rhythm, the 
circadian rhythm (2). Problems with the circadian rhythm are not only reported during 
an episode, but also in the euthymic phase of the disorder, when patients have few or 
no mood symptoms. The circadian timing system may be involved in bipolar disorder 
regardless of disease state, although the pathophysiological mechanism is still unclear 
(2,3). A minimally invasive method to assess the circadian rhythm in people is the use 
of actigraphy, with study participants wearing a wristband on their non-dominant wrist 
that measures movement over the day (4,5). It allows participants to go on with their 
day-to-day life, and yields a representative measure of daily activity and rest patterns. 
To assess the stability of the circadian activity rhythm, different non-parametric vari-
ables have been developed by van Someren et al. (6). These variables include intradaily 
variability (IV), interdaily stability (IS), activity (and its start time) during the most active 
10 (M10) and most inactive 5 hours of the day (L5) and the amplitude of the rhythm 
(relative amplitude, RA).

Previous studies suggest that patients with bipolar disorder in a euthymic phase may 
differ from control participants on these measures (7–13). Castro et al. showed that 
currently unaffected people who are at risk for psychosis or bipolar disorder show high-
er interdaily variability, less interdaily stability, more L5 activity and less M10 activity 
(10). Rock et al. showed people with a bipolar phenotype, as assessed with the Mood 
Disorder Questionnaire, have more L5 activity and a lower relative amplitude (8). This 
lower RA was also shown in individuals at risk for hypomania (11) and at risk for bipo-
lar disorder in an Australian sample (13). A less robust rhythm was found in (formally 
diagnosed) euthymic patients compared to controls as well by McKenna et al. (9). Jones 
et al. showed higher intradaily variability and less interdaily stability in euthymic pa-
tients in a 7-day actigraphy protocol (7). Geoffroy et al. studied these variables during 
21 days and found that only the interdaily stability differed between euthymic patients 
with bipolar disorder type I and II and controls (14). Pagani et al. studied 26 pedigrees 
of bipolar disorder patients, resulting in 558 individuals, and showed that L5 and am-
plitude were related to the phenotype of bipolar disorder. Furthermore they showed a 
high heritability in non-parametric circadian variables, in particular the IS, IV, RA, and 
onset of L5 and M10 (15). This suggests that circadian disturbances might be a heritable 
trait of bipolar disorder and might represent a circadian endophenotype (13,16). An-
other circadian measure can be an individual’s chronotype, the person’s preference of 
timing of activities in the morning (morning types), or later on the day (evening types) 
(17). Different studies show the evening chronotype is associated with bipolar disorder, 
both during an episode and independent of episodes (18,19). This includes one large 
study with over 250 bipolar disorder (type I and II) patients who are followed for over 
2 years, which showed the evening chronotype was present independent of disease 
state (19). However, other studies, with similar sample sizes, have shown that patients 
with bipolar disorder have a similar chronotype during the euthymic phase compared 
to controls (20). 

Chapter 5: Circadian rhythm disturbances in bipolar disorder: an actigraphy study in patients, unaffected siblings and healthy controls
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Although circadian rhythmicity seems a promising endophenotype, there are still un-
resolved issues. The few studies that studied a clinical sample had low numbers of par-
ticipants (of about 30 patients), used an actigraphy period too short for a reliable cal-
culation of the non-parametric circadian variables, or combined bipolar disorder type 
I and type II (7,9,14). Furthermore, there are only a few studies which look at circadian 
rhythm variables in non-affected family members. The current study aims to examine 
circadian rhythm disturbances in a well-defined sample of euthymic bipolar type 1 pa-
tients, unaffected siblings and healthy controls. Previously we showed that euthymic 
patients had no differences in sleep variables compared to healthy controls (21). In this 
study, non-parametric circadian variables and chronotype will be studied comparing 
euthymic patients, unaffected siblings and healthy controls.

Material and methods
Population
Participants were derived from the Dutch Bipolar Cohort (DBC) study, a collaboration be-
tween the University Medical Center Utrecht (UMCU), University Medical Center Gron-
ingen (UMCG), various other mental health care providers in the Netherlands and the 
University of California Los Angeles (UCLA). The DBC study is developed to investigate 
genetic and (endo)phenotypic vulnerability factors for bipolar disorder. The medical 
ethical committee of the UMCU, UCLA and the UMCG approved the DBC study and the 
additional actigraphy study and both studies were in accordance to the Declaration of 
Helsinki. Informed consent was obtained from all participants prior to participation. All 
participants in the DBC were informed of the actigraphy protocol through a newsletter 
and were approached to participate in this additional protocol. Inclusion criteria for all 
participants were a minimum age of 18 years, at least three grandparents of Dutch de-
scent, no major somatic illness (such as sleep apnea or Parkinsons disease) and no current 
pregnancy. Patients were required to have bipolar type I disorder, which was confirmed 
using the Structural Interview for DSM-IV (SCID-I) (22) and could not be admitted to a 
hospital. Although none of the participants reported being in a current mood episode, 16 
patients scored above the cut-off score for depressive symptoms (> 26 on the Inventory 
of Depressive Symptomatology – Self-Rating, IDS-SR (23)) and 4 patients scored above 
the cut-off score for manic symptoms (> 5 on the Altman Self-Rating Mania scale, ASRM 
(24)). Siblings and control participants with a diagnosis of bipolar disorder or a psychotic 
disorder were excluded. Control participants with a first or second degree relative with 
such a diagnosis were excluded as well. Both the siblings and controls were assessed 
using the Mini-International Neuropsychiatric Interview (MINI) (25). 

A total of 466 eligible candidates were approached for participation via telephone, 
post or e-mail. 106 participants did not respond to the invitation, 57 refused to partic-
ipate and 17 did not show up for their appointment. In 11 participants Actiwatch data 
were not available due to hardware problems. Four participants were excluded due to 
a somatic illness (admitted for cancer treatment and sleep apnea). Three individuals 
were excluded because of a current depressive episode and six were excluded because 
of technical problems in the storage of actiwatch data. One healthy control is excluded 
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for not meeting the inclusion criteria of not having a sibling with bipolar disorder. Two 
participants were excluded for not having enough available data points (<10 days of 
data). This resulted in the analyses of 107 patients, 72 siblings and 78 controls. 

Actigraphy recordings
Rest-activity patterns were recorded with an Actiwatch (Actiwatch 2, Philips Respiron-
ics). The Actiwatch is a small wristband that measures activity and light input and stores 
it in a minute-to-minute basis (1 minute epochs). All participants wore the Actiwatch 
for a period of 14 consecutive days on their non-dominant wrist and were instructed to 
only remove it when exposed to water for long periods of time. Furthermore, partici-
pants kept a sleep diary with bed times, nap times and off-wrist periods. All Actiwatch-
es were subjected to two calibration protocols prior to initial data collection and after 
every battery service (for details, see Pagani et al. 2016) (15).

Circadian variables
Actiwatch data were exported from the Philips Respironics Actiware software and im-
ported in R (26). All starting points of the data were automatically defined and all data 
within 14 days after that starting point were taken into account. Non-wear, as reported 
in the sleep diary, was excluded from the analysis. When more data were available, 
activity data after the 14-day period were excluded. If less than 14 days were avail-
able, the data were cut off after the end of the activity. Full days were included for the 
analysis, if this was not possible the last day with at least 22 hours of data was used. 
If fewer hours were available the data was skipped to the previous day. The script for 
the analysis can be retrieved from https://github.com/compsy/ACTman/ (27). Circadian 
variables were computed according to the original formulas which can be found in the 
paper by Van Someren (6). These variables are called non-parametric variables as the 
calculation is a non-parametric calculation. 

Chronotype
Chronotype was measured with a Dutch translation of the Munich Chronotype Ques-
tionnaire (MCTQ) (28). This self-report questionnaire is composed of 11 questions re-
garding sleep times on workdays and free days and commonly used to assess chro-
notype. Chronotype is defined as the midpoint of sleep on free days, corrected for 
oversleep on free days (MSFsc) (29). This midpoint shows good correlation with inter-
nal phase markers (30,31).

Statistical analysis
All statistical analyses were carried out using the R statistical package (26). Demo-
graphic data, group differences on continuous variables were analyzed using analysis 
of variance (ANOVA) with Bonferroni post hoc tests. Group differences on categorical 
variables were analyzed using chi-square tests. To analyze differences in circadian 
variables and chronotype between patients, siblings and controls three separate lin-
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ear regression models were used per variable. One for the comparison of patients and 
siblings, one for the comparison of patients and controls and one for the comparison 
of siblings and controls. To control for the confounding effect of sex and age on the 
variables these measures were added to the model. An extra analysis was run only with 
subjects who did not experience any mood symptoms (depressive or manic) above the 
cut-off scores on the validated questionnaire to have a more strictly euthymic sample. 
As a sensitivity analysis the analyses were repeated in a sub-sample of patients and 
controls all without important external timing cues such as children in the household 
or being currently employed. 

Results
Participants
A total of 107 patients, 72 siblings and 78 control participants were included in the 
study (table 1). Patients and siblings were older compared to controls. Siblings more 
often had children in their household than patients and controls. There were no differ-
ences in employment status between the groups. Patients experienced more depres-
sive symptoms. Compared to the overall Dutch Bipolar Cohort, patients included in the 
actigraphy study had the same age and the same number of females compared to the 
overall sample. The group included in the actigraphy study was more frequently em-
ployed (66% in the actigraphy sample, compared to 46% in the overall sample).

Table 1. Sample characteristics showing differences between the groups.

Circadian variables
Table 2 shows the circadian parameters of the three groups and table 3 the summary of 
the regression models. No differences between the non-parametric circadian variables 
were found between patients and controls after Bonferroni correction for multiple test-
ing (p < 0.007). The only difference surviving Bonferroni correction was the start time 
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of the 10 most active hours, where siblings showed an earlier start time compared to 
patients and compared to controls. There were no differences in chronotype between 
the groups.

Table 2. Circadian variables across groups, without analyzing differences. Mean ± SD.

We added IDS-SR scores and ASRM scores to the model to test if there was an effect of 
mood symptoms and no different results were found (supplemental table S1). A sep-
arate analysis was run only with subjects (91 patients, 70 unaffected siblings and 77 
healthy controls) without any current mood symptoms based on the IDS-SR and ASRM 
(see supplemental table S2 for characteristics) and no different results were found 
(supplemental table S3).

Table 3. Results of multiple regression model. 

 * Significant group differences after Bonferroni correction (p < 0.007).

β β β
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Sensitivity analysis
To test whether no differences were found due to an effect of external timing cues, 
an extra analysis was conducted as a sensitivity analysis. Patients and control partic-
ipants without external timing influences, such as children in the household or being 
employed, were compared. This was studied in 24 patients and 27 controls. Patients 
with bipolar disorder showed more intradaily variability (β = 0.11, p = 0.018), which 
did not remain significant after correcting for multiple testing (Bonferroni p < 0.007).

Discussion
This study showed that there were no differences in circadian characteristics or chrono-
type in euthymic patients with bipolar disorder compared to healthy controls in a two 
week actigraphy protocol. In all analyses, the only difference we found was between 
siblings and patients and controls, where unaffected siblings had an earlier start time 
of their most active 10 hours. 

These findings suggest that patients are still able to maintain a regular rest-activity 
rhythm in the euthymic phase of the disease, just as they are able to maintain healthy 
sleep characteristics, as was shown previously in this sample (21). It might be that pa-
tients in this study have a fairly stable rest-activity schedule, as an important part of the 
treatment of bipolar disorder is restoring and promoting behavioral rhythmicity and a 
steady sleep schedule (32). This lack of a difference in patients compared to controls, and 
the fact that siblings do not show any differences compared to controls show circadian 
rhythm instability is not a stable trait feature. It could be a state feature, something which 
has been suggested for chronotype as well (33). If circadian disturbances are indeed a 
state feature, they might be unsuitable to be used as a endophenotype to study bipolar 
disorder. Although possibly unsuitable as an endophenotype, circadian disturbances are 
interesting to study in relation to the development of a mood episode. Future research 
could focus on how transitions to mood episodes relate to changes in circadian rhythm. 
Earlier work suggests a causal relation between circadian rhythm problems and the onset 
of a mood episode (34). Circadian rhythm disturbances might function as a prodrome for 
the onset of a mood episode, and we have recently shown that using an actiwatch can be 
of help to signal and prevent an upcoming mood episode (35). 

The current study is the largest actigraphy study to date in patients with bipolar dis-
order that examined circadian variables. It included a homogeneous sample of bipolar 
type I patients which were screened for current mood symptoms. Furthermore, we used 
a 14 day actigraphy protocol which has been shown to be a good, reliable, period to 
assess these variables (36). Some limitations should be taken into account. As men-
tioned above, the sample might suffer from an inevitable sample selection bias, as the 
participants included in the study had already participated in a demanding baseline 
interview. There might be a selection of more motivated participants with a particu-
lar interest and capability of completing this study. Furthermore, it should be noted 
that the use of medication is not taken into account in the current study. All patients 
with bipolar disorder are usually advised to continue their medication, even after being 
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functionally recovered (32). The lack of a difference found might be caused by the sta-
bilizing effect of a mood stabilizer on the rest-activity rhythm, one of the hypothesized 
mechanisms of lithium (37). As patients may use a range of different types of mood sta-
bilizers with different neurophysiological mechanisms, taking every medication sepa-
rately into account is a problem in all studies looking at bipolar disorder and prevented 
us from analyzing this effect.

From this study, we conclude patients do not show more circadian rhythm problems 
compared to healthy controls in the euthymic phase, demonstrating that patients are 
able to maintain a stable circadian rhythm, when they are outside of a mood episode. 
This suggests circadian rest-activity rhythm problems are a state-phenomenon, instead 
of a trait phenomenon, although medication use might have a masking effect. These 
findings create the opportunity to examine the relation between the circadian distur-
bances and the changes in disease state within bipolar disorder. 
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Supplementary tables

Table S1. Results of multiple regression model including IDS-SR score.

 

Table S2. Sample characteristics subjects without mood symptoms (ASRM < 6, IDS-SR < 26).
 

β β β
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Table S3. Results of multiple regression model in subjects without mood problems (ASRM < 6, IDS-SR < 26).
 
 

* Significant group differences after Bonferroni correction (p < 0.007).

β β β
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