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Abstract

The social zeitgeber model (Ehlers, Frank, & Kupfer, 1988) suggests that irregular daily schedules
or social rhythms provide vulnerability to bipolar spectrum disorders. This study tested whether
social rhythm regularity prospectively predicted first lifetime onset of bipolar spectrum disorders
in adolescents already at risk for bipolar disorder based on exhibiting reward hypersensitivity.
Adolescents (ages 14 — 19) previously screened to have high (N = 138) or moderate (N = 95)
reward sensitivity, but no lifetime history of bipolar spectrum disorder, completed measures of
depressive and manic symptoms, family history of bipolar disorder, and the Social Rhythm
Metric. They were followed prospectively with semi-structured diagnostic interviews every six
months for an average of 31.7 (SD = 20.1) months. Hierarchical logistic regression indicated that
low social rhythm regularity at baseline predicted greater likelihood of first onset of bipolar
spectrum disorder over follow-up among high, but not moderate, reward sensitivity adolescents,
controlling for follow-up time, gender, age, family history of bipolar disorder, and initial manic
and depressive symptoms (= —.150, Wald = 4.365, p = .037, OR = .861, 95% CI = .748 — .991).
Consistent with the social zeitgeber theory, low social rhythm regularity provides vulnerability to
first onset of bipolar spectrum disorder among at-risk adolescents. It may be possible to identify
adolescents at risk for developing a bipolar spectrum disorder based on exhibiting both reward
hypersensitivity and social rhythm irregularity before onset occurs.
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Disruption of circadian rhythms has been proposed to be a central mechanism in the
neurobiological vulnerability to bipolar spectrum disorders (BSDs) (McClung, 2007;
Murray & Harvey, 2010). According to the social zeitgeber theory of mood disorders
(Ehlers, Frank, & Kupfer, 1988; Grandin, Alloy, & Abramson, 2006), life events that disrupt
social zeitgebers, defined as daily social rhythms or schedules (e.g., mealtimes, bedtimes,
start and end of work), are hypothesized to disturb circadian rhythms, which, in turn,
precipitate bipolar symptoms. Events that perturb social rhythms (e.g., causing a change in
bedtime, skipping a meal) may disrupt circadian rhythms through their effects on either
photic (e.g., Roenneberg & Merrow, 2007; Stetler, Dickerson, & Miller, 2004; Wever, 1989)
or non-photic (e.g., Goel, 2005) cues that help to entrain circadian rhythms. Changes in daily
activity patterns, whether manipulated or naturally occurring, have been found to be
associated with changes in social rhythms in healthy individuals (e.g., Stetler et al., 2004).

A growing body of evidence supports the social zeitgeber model of BSDs (see Alloy,
Nusslock, & Boland, 2015 for review). For example, studies have found significant
associations between life event-induced social rhythm disruption and episode onset in
individuals with BSDs. Malkoff-Schwartz and colleagues (1998, 2000) reported that more
social rhythm disrupting events occurred in the period prior to manic episode onset than in a
matched, equal duration control period not related to episode onset in a sample with bipolar
| disorder. In addition, Sylvia et al. (2009) found that the occurrence of social rhythm
disrupting events significantly predicted prospective onset of depressive episode recurrences
in a sample of individuals with bipolar 11 disorder or cyclothymia. Moreover, Boland and
colleagues (2012) found that individuals with BSDs exhibit an underlying sensitivity to life
event-induced social rhythm disruption. Compared with demographically matched healthy
controls, individuals with BSDs experienced significantly more social rhythm disruption
following the experience of similar intensity and valence life events (Boland et al., 2012).

Given the hypothesized role of social zeitgebers in entraining biological rhythms,
individuals with low social rhythm regularity may be at increased risk for desynchronization
of circadian rhythms and, in turn, onset of bipolar mood episodes. That is, low social rhythm
regularity should serve as a vulnerability to bipolar mood episodes. Several studies have
used the Social Rhythm Metric (SRM; Monk, Flaherty, Frank, Hoskinson, & Kupfer, 1990)
to compare individuals with BSDs and controls on self-reported regularity of their social
rhythms. The SRM assesses the frequency (number of days per week) with which daily
activities (e.g., getting out of bed, eating lunch, starting work or school) are performed and
the degree of regularity (occurrence of each activity within 45 minutes of the average time)
of these activities. Social rhythm regularity scores are calculated as the number of activities
that occur at least three days per week within 45 minutes of the average time. Consistent
with the social zeitgeber model, studies using different versions of the SRM find that
individuals with BSDs exhibit lower social rhythm regularity than do healthy controls
(Ashman et al., 1999; Jones, Hare, & Evershed, 2005; Szuba, Yager, Guze, Allen, & Baxter,
1992), even during the euthymic state (Jones et al., 2005; Shen, Alloy, Abramson, & Sylvia,
2008). And, in euthymic individuals with bipolar Il or cyclothymia diagnoses, low social
rhythm regularity scores on a modified SRM at baseline predict a greater likelihood and
shorter time to recurrence of both major depressive and hypomanic or manic episodes over
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prospective follow-up, controlling for baseline subsyndromal mood symptoms and family
history of bipolar disorder (Shen et al., 2008).

Consistent with the hypothesis that low social rhythm regularity may confer vulnerability to
BSDs, individuals at behavioral risk for bipolar disorder based on exhibiting hypomanic
personality (Meyer & Maier, 2006) or subsyndromal bipolar symptoms (Bullock, Judd, &
Murray, 2011) exhibited lower social rhythm regularity on a brief version of the SRM
(SRM-5) than did participants at low behavioral risk for bipolar disorder. Alternatively, in a
genetic high-risk study, Jones, Tai, Evershed, Knowles, and Bentall (2006) did not find
lower social rhythm regularity on the SRM in the children of bipolar parents compared with
the age- and sex-matched children of healthy control parents. It is possible that Jones et al.
(2006) did not observe lower social rhythm regularity in the children of bipolar parents
because children’s daily activity schedules are more regimented by their parents, school, and
other external constraints. Thus, there is some, but not fully consistent, evidence for low
social rhythm regularity in individuals without a current bipolar disorder, but at behavioral
risk for developing a BSD. However, no study to date has examined whether low social
rhythm regularity prospectively predicts first lifetime onset of BSD in individuals at
behavioral risk for bipolar disorder, which would provide the strongest evidence for
irregular social rhythms as a vulnerability factor for BSDs. This is the goal of the present
study.

We examined social rhythm regularity as a predictor of first onset of BSD in a group of
adolescents previously shown to be at increased risk for BSD based on exhibiting a
hypersensitive reward system and a comparison group of adolescents at low risk for BSD
based on exhibiting moderate reward sensitivity. According to the reward hypersensitivity
theory of bipolar disorder (e.g., Alloy & Abramson, 2010; Alloy et al., 2015; Johnson, Edge,
Holmes, & Carver, 2012; Urosevic, Abramson, Harmon-Jones, & Alloy, 2008),
vulnerability to BSDs is hypothesized to be the result of an overly sensitive reward system
that is hyperreactive to goal- and reward-relevant cues. Much self-report, behavioral, life
event, neurophysiological, and neuroimaging evidence supports the reward hypersensitivity
theory of BSDs (see Alloy et al., 2015 for a recent review). Consistent with the reward
model, Alloy et al. (2012) previously demonstrated that controlling for baseline hypomanic
and depressive symptoms and family history of bipolar disorder, adolescents who exhibited
high levels of reward sensitivity at baseline, but had no prior history of BSD, were
significantly more likely to develop a first onset of a BSD over an average of 13 months of
prospective follow-up than were adolescents with moderate reward sensitivity. Although
high reward sensitive adolescents were three times more likely to develop a BSD than
moderate reward sensitive adolescents (12.3% vs. 4.2%), the majority of the at-risk reward
hypersensitive adolescents did not develop a BSD over the follow-up period (Alloy et al.,
2012). Thus, it is important to examine additional factors, such as low social rhythm
regularity considered to be a vulnerability to BSD from the perspective of the social
zeitgeber model, which may further predict which individuals will go on to develop first
onset of BSD.

Moreover, the social/circadian rhythm disruption and reward hypersensitivity models of
BSD can be integrated involving bidirectional associations between reward sensitivity and
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social and circadian rhythm dysregulation (e.g., Alloy et al., 2015; Murray et al., 2009;
Nusslock, Abramson, Harmon-Jones, Alloy, & Coan, 2009). Indeed, there is evidence of
circadian influences on reward motivation (e.g., Clark, Watson, & Leeka, 1989; Murray et
al., 2009; Thayer, Takahashi, & Pauli, 1988), associations between reward-related brain
activity and circadian clock genes (Forbes et al., 2012) and sleep variables (Holm et al.,
2009), as well as reward hypersensitivity influences on social rhythm disruption (Boland et
al., in press). These bidirectional influences of the reward and circadian systems suggest that
examining social rhythm regularity as a predictor of first onset of BSD among adolescents
with high reward sensitivity may prove fruitful and increase the precision of identification of
adolescents at increased risk for first onset of BSD. In turn, early identification of
adolescents at greatest risk for onset of BSD is important for early intervention efforts
designed to prevent onset or mitigate the severity of BSD.

Consequently, the present study provides the first test of social rhythm regularity as a
predictor of first lifetime onset of BSD in a sample of adolescents at increased risk for BSD
based on exhibiting reward hypersensitivity and a comparison group of low-risk adolescents
with moderate reward sensitivity. Consistent with the social zeitgeber model of BSDs, we
hypothesized that among high, but not moderate, reward sensitive adolescents with no prior
history of BSD, lower levels of social rhythm regularity would predict a greater likelihood
of developing a first onset of BSD over prospective follow-up than would higher social
rhythm regularity.

Method

Participants

Participants in the current study were a subset of those participating in the Teen Emotion
and Motivation (TEAM) Project, a prospective longitudinal study of predictors of first onset
of BSDs (Alloy et al., 2012). All participants < 18 years old provided written assent and
their parents provided written consent, whereas participants = 18 years old provided their
own written consent. All procedures were approved by the Temple University Institutional
Review Board. Adolescents (ages 14 — 19) were selected for Project TEAM based on a two-
phase screening procedure. The age range of 14 — 19 was selected because it is a major “age
of risk” for first onset of BSD (see Alloy et al., 2012 for review). In Phase I, students from
13 Philadelphia public high schools (Grades 9 12, ages 14-18) and two universities (ages
17-19) were screened with two self-report reward sensitivity questionnaires: the Behavioral
Inhibition System/Behavioral Activation System Scales (BIS/BAS; Carver & White, 1994)
and the Sensitivity to Punishment Sensitivity to Reward Questionnaire (SPSRQ); Torrubia,
Avila, Molto, & Caseras, 2001). Students scoring in the highest 15t percentile on both the
BAS-Total subscale of the BIS/BAS Scales and the Sensitivity to Reward (SR) subscale of
the SPSRQ formed a High BAS (reward sensitivity) group, whereas those who scored
between the 40t and 60 percentiles on both measures formed the Moderate BAS (reward
sensitivity) group. Of 9991 students screened in Phase I, 7.77% (n = 776) qualified for the
High BAS and 4.04% (n = 404) qualified for the Moderate BAS groups.

A subset of adolescents who met the Phase | screening criteria was invited for Phase Il
screening (see Alloy et al., 2012 for more details on Phase Il selection of participants): 244
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High BAS (31.4%) and 146 Moderate BAS (36.1%) students completed Phase Il. In Phase
I, participants were administered the mood and psychosis disorder sections of an expanded
Schedule for Affective Disorders and Schizophrenia = Lifetime (exp-SADS-L) diagnostic
interview (Alloy et al., 2008; Endicott & Spitzer, 1978); the rest of the exp-SADS-L,
including a family history section, was administered to the final eligible sample at baseline
(Time 1). Participants also completed the Beck Depression Inventory (BDI; Beck, Rush,
Shaw, & Emery, 1979) and the Altman Self-Rating Mania Scale (ASRM; Altman, Hedeker,
Peterson, & Davis, 1997) at Phase Il screening to assess depressive and (hypo)manic
symptoms, respectively. Exp-SADS-L interviewers were blind to participants’ BAS risk
group.

Participants were excluded from the final sample if they met DSM-IV-TR (American
Psychiatric Association, 2000) or Research Diagnostic Criteria (RDC; Spitzer, Endicott, &
Robins, 1978) diagnosis of: 1) any BSD (Bipolar I, Bipolar I, Cyclothymia, Bipolar NOS)
or a hypomanic episode with onset prior to the participant’s Phase | screening date, or 2) any
lifetime psychotic disorder (Schizophrenia, Schizoaffective Disorder, Major Depressive
Disorder with psychosis). They were not excluded if they met criteria for a non-psychotic
DSM-IV-TR or RDC major depressive or RDC minor depressive episode with onset prior to
Phase I, because prior depressive episodes without mania or hypomania may reflect unipolar
depression rather than bipolar disorder. Participants also were excluded if they lacked
fluency in English. Participants with a prior BSD or hypomanic episode were excluded
because the main goal of Project TEAM was to examine predictors of first onset of BSD.

Of 390 participants interviewed at Phase 11, 22 were excluded because they met criteria for a
BSD or hypomanic episode with onset prior to their Phase I screening, 7 were excluded
because they exhibited psychotic symptoms or met criteria for a psychotic disorder, and
another 5 were excluded for poor English fluency. The Project TEAM final sample included
171 High BAS and 119 Moderate BAS participants (mean age = 17.44; SD = 1.56). Further
details of the screening and selection criteria and evidence that the final sample was
representative of both the Phase | and Phase Il screening samples may be found in Alloy et
al. (2012).

The present analyses were based on only the participants who also had baseline (Time 1)
social rhythm regularity data needed for the current study. Thirty-three of the 171 High BAS
and 24 of the 119 Moderate BAS participants in the final TEAM sample were missing Time
1 social rhythm regularity data; thus, the present analyses were based on 138 (87 F, 51 M)
High BAS and 95 (68 F, 27 M) Moderate BAS participants, with mean ages at baseline of
18.11 and 17.87 years (SDs = 1.49 and 1.63), respectively. The racial breakdown of the
sample was 54.2% Caucasian, 30.2% African American, 8.0% Asian or Pacific Islander,
4.5% Biracial, and 3.1% Other. Also, 8.5% were Hispanic. A family history of bipolar
disorder was present in 6% of the High BAS and 11% of the Moderate BAS participants.
The participants with missing social rhythm regularity data did not differ from those
included on demographics, initial BAS and Sensitivity to Reward scores, or initial BDI and
ASRM scores. In addition, the High BAS and Moderate BAS groups did not differ from
each other on age, gender, or race/ethnicity. Table 1 presents means and SDs of the baseline
BAS Total, Sensitivity to Reward, BDI, ASRM, and SRM regularity scores.
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Although Boland et al. (in press) also studied the interplay between reward sensitivity and
social rhythm dysregulation in the Project TEAM sample, there is no overlap between the
Boland et al. (in press) and current studies. Whereas Boland et al. (in press) used
interviewer-rated social rhythm disruption scores in response to actual life events that High
BAS and Moderate BAS participants experienced at the first follow-up assessment to predict
subsequent hypomanic and depressive symptoms, the present study uses self-reported trait
social rhythm regularity at baseline on the Social Rhythm Metric to predict first onset of
diagnosed BSDs.

Participants in the final sample were invited for a baseline (Time 1) assessment and the
prospective study, and additional informed consent and assent were obtained at Time 1. At
Time 1, participants completed the remainder of the exp-SADS-L diagnostic interview,
including family history and substance use disorders sections, and a modified SRM (Monk
et al., 1990) as well as other measures not relevant to the present study. Then, they
completed an exp-SADS-Change (exp-SADS-C) diagnostic interview (Alloy et al., 2008;
Spitzer & Endicott, 1978) approximately every 6 months. The present analyses were based
on an average of 31.7 months (SD = 20.1 months) of prospective follow-up.

Behavioral Inhibition System/Behavioral Activation System (BIS/BAS) Scale—
The BIS/BAS Scale (Carver & White, 1994) is a 20-item, self-report questionnaire that
assesses trait individual differences in BIS and BAS sensitivities in general. It includes three
BAS subscales and one BIS subscale and items are rated on 4-point Likert scales ranging
from 1 = strongly disagree to 4 = strongly agree. A BAS-Total score also may be calculated
as the sum of all BAS items. This total score was used as part of the screening criteria for
selecting the BAS risk groups. The BIS/BAS scales have demonstrated internal consistency
and retest reliability (Carver & White, 1994), as well as construct validity, exhibiting
expected associations with affect, personality traits, and performance on reaction-time and
learning tasks involving incentives (Colder & O’Conner, 2004; Kambouroupolis & Staiger,
2004; Zinbarg & Mohlman, 1998). Internal consistency of the BAS-Total score in the Phase
| screening sample was a = .80.

Sensitivity to Punishment Sensitivity to Reward Questionnaire (SPSRQ)—The
SPSRQ (Torrubia et al., 2001) is another measure of trait BIS and BAS sensitivities in
general that focuses on sensitivity to specific types of rewards and punishments. It contains
24 Sensitivity to Reward (SR; e.g., “Does the good prospect of obtaining money motivate
you strongly to do some things?”) and 24 Sensitivity to Punishment (SP; e.g., “Do you often
refrain from doing something because you are afraid of it being illegal?) “yes” or “no”
items. Both subscales have acceptable internal consistency, with a’s = .75-.83, and retest
reliabilities (Torrubia et al., 2001). The SPSRQ also exhibits construct validity in terms of
expected correlations with extraversion, impulsivity, sensation seeking, and neuroticism, and
associations with proneness to various personality disorders (e.g., Alloy et al., 2006;
Torrubia et al., 2001). The SR subscale was used along with the BAS-T to select High
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versus Moderate BAS participants. In Phase I, a for the SR scale was .76. BAS-T and SR
scores correlated r = .40 in our Phase | sample.

Modified Social Rhythm Metric (M-SRM)—The SRM (Monk et al., 1990) assesses a
person’s daily social rhythm patterns. It captures the frequency and timing of specific
activities that are part of a person’s daily routine (e.g., getting out of bed, going to bed,
mealtimes, first social contact of the day, starting work or school). The SRM includes 15
specified daily activities and two individualized write-in items. The SRM was found to be
modestly consistent (r = .44) and valid in healthy controls (Monk et al., 1990; 1991), and it
distinguishes individuals with BSDs from controls (Ashman et al., 1999; Jones et al., 2005;
Shen et al., 2008; Szuba et al., 1992) and predicts recurrences of BSD mood episodes (Shen
et al., 2008). In the current study, we used a slightly modified version of the SRM (M-SRM)
previously used by Shen et al. (2008). The M-SRM is intended to assess more trait-like
social rhythm regularity or an individual’s typical social rhythm patterns. Participants were
asked to endorse activities if they occurred a minimum of three times per week within 45
min of the usual time each week over the past month. The Regularity score was the number
of activities endorsed as occurring three or more times within 45 min of the habitual time
during the week (possible range = 0 — 17) over the past month. The M-SRM was moderately
consistent over approximately eight months in a sample of late adolescent/young adult BSD
and healthy control participants (r = .61; Shen et al., 2008). The M-SRM was given at
baseline (Time 1) and exhibited good internal consistency (a=.76). In addition, we
calculated a Sleep/Wake Regularity score for exploratory analyses based on the go to bed
and get out of bed items.

Beck Depression Inventory (BDI)—The BDI (Beck et al., 1979) has 21 items assessing
the severity of affective, cognitive, motivational, and somatic symptoms of depression over
the past 30 days. It has good internal (a’s = .81-.86) and retest reliability (r’s = .48-.86) and
validity in nonclinical samples (Beck, Steer, & Garbin, 1988). In our Phase Il sample, a =.
87.

Altman Self Rating Mania Scale (ASRM)—The ASRM (Altman et al., 1997) has 5
items rated on 5-point Likert scales that assess five symptoms of (hypo)mania over the past
30 days: inflated self-confidence, talkativeness, elation, reduced need for sleep, and
excessive activity. Items load on a single factor and ASRM scores are highly correlated with
both clinical interview and other self-report measures of mania (Altman et al., 2001). In our
Phase Il sample, a =.75.

Schedule for Affective Disorders and Schizophrenia — Lifetime (SADS-L)—The
SADS-L (Endicott & Spitzer, 1978) is a semi-structured diagnostic interview used to assess
current and lifetime history of Axis | disorders. The mood disorders and psychosis sections
of an expanded SADS-L (exp-SADS-L; see Alloy et al., 2008; 2012) were given during
Phase 1l to determine eligibility for the final Project TEAM sample, with the remainder
administered at baseline (Time 1) to participants in the final sample. The exp-SADS-L
assessed the occurrence, duration, and severity of symptoms related to mood, anxiety,
eating, substance use, and psychotic disorders over the course of an individual’s lifetime.
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Specific additions were made to the SADS-L to obtain project-specific information and
included: 1) additional probes to allow for DSM-IV-TR as well as RDC diagnoses; 2)
additional probes regarding mood episodes to better capture individual symptom differences,
duration, and frequency of episodes; and 3) additional sections on eating disorders, ADHD,
acute stress disorder, medical history, family history, and organic rule-out conditions.
Project interviewers were highly trained doctoral students in clinical psychology,
postdoctoral fellows, and post-baccalaureate research assistants. They were unaware of
participants’ BAS risk group and Phase | BIS/BAS and SPSRQ scores. The exp-SADS-L
has demonstrated excellent inter-rater reliability, with « > .90 for unipolar depression
diagnoses based on 80 jointly rated interviews (Alloy et al., 2000) and « > .96 for BSDs
based on 105 jointly rated interviews (Alloy et al., 2008). Further details regarding the exp-
SADS-L administration and diagnoses for Project TEAM may be found in Alloy et al.
(2012).

Schedule for Affective Disorders and Schizophrenia — Change (SADS-C)—An
expanded version of the SADS-C (Alloy et al., 2008; 2012; Spitzer & Endicott, 1978)
diagnostic interview was used to assess prospective onsets of mood episodes and diagnoses.
It was administered approximately every six months during the prospective follow-up by
interviewers blinded to participants’ BAS risk group, BIS/BAS and SPSRQ scores, SRM
scores, and baseline diagnostic information and family history. The exp-SADS-C was
expanded in the same way as the exp-SADS-L and also included features of the
Longitudinal Interval Follow-up Evaluation (LIFE Il; Shapiro & Keller, 1979) to track
symptoms and mood episodes over follow-up. However, the exp-SADS-C inquired about
the presence of every symptom of depression and hypomania and mania more frequently
(daily) than does the LIFE 11 (weekly) during each six-month follow-up interval. Based on
joint ratings of 60 interviews, interrater reliability for the exp-SADS-C was k > .80 (Alloy et
al., 2008). In addition, a validity study that compared participants’ dating of symptoms on
the exp-SADS-C against daily symptom ratings obtained prospectively over four months
obtained 70% accuracy for exp-SADS-C symptom dating (Alloy et al., 2008). In Project
TEAM, interrater reliability for BSDs on the exp-SADS-L or exp-SADS-C interviews was x
= 1.0 for Bipolar I, x = .92 for Bipolar Il, and « = .88 for Bipolar NOS.

Data Analysis

To examine whether social rhythm regularity on the M-SRM at baseline predicted the
likelihood of first onset of a BSD among High BAS as well as Moderate BAS participants,
we conducted a hierarchical logistic regression analysis for each group with the occurrence
(yes-no) of a BSD during follow-up as the dependent variable.® In each logistic regression,
the length of follow-up (in days), gender, age at baseline, baseline depressive (BDI) and
hypomanic (ASRM) symptoms, and family history of bipolar disorder were entered in Step
1 as covariates. Then, baseline M-SRM regularity scores were entered in Step 2. We
included age and baseline depressive and (hypo)manic symptoms as covariates to control for
any effects of initial differences in age and subsyndromal mood symptoms on the
prospective first onset of a BSD. We also included family history of bipolar disorder as a
covariate to ensure that any prediction of first onset of BSD by social rhythm regularity was
above and beyond any effects of family history. Subsequently, if social rhythm regularity
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was a significant predictor of BSD onset in either group, we re-conducted the relevant
logistic regression analysis controlling for further possible confounds (i.e., BAS-Total
scores, presence of alcohol or drug use disorders). We also explored the role of regularity of
sleep and wake times specifically in accounting for any social rhythm regularity effects.

Results

Of the 138 High BAS and 95 Moderate BAS participants, 20 High BAS and 4 Moderate
BAS individuals developed a first onset of BSD during follow-up. Of these 24 BSD onset
cases, 15 had Bipolar 11 (onset of at least one hypomanic and one major depressive episode
or onset of a hypomanic episode) and 9 had Bipolar NOS (onset of at least one hypomanic
episode). The mean age of first onset of BSD was 20.5 years (SD = 2.8 years). Table 2
displays the correlations between all study variables for the two groups. Among High BAS
participants, M-SRM Regularity scores were negatively correlated with initial BDI scores,
such that higher initial depressive symptoms were associated with lower social rhythm
regularity. The only other significant correlation was between participants’ ages and ASRM
scores, such that greater age was associated with lower initial hypomanic symptoms. For
Moderate BAS participants, high baseline ASRM scores were associated with greater social
rhythm regularity and greater likelihood of developing a BSD.

Table 3 presents the results of the hierarchical logistic regression analyses testing whether
M-SRM Regularity at baseline predicted the likelihood of first onset of BSD among High
BAS and Moderate BAS participants, controlling for time in study, age, gender, baseline
depressive and hypomanic symptoms, and family history of bipolar disorder. As shown in
Table 3, none of the covariates entered in Step 1 significantly predicted BSD onset among
High BAS participants. However, consistent with this study’s hypothesis, when entered in
Step 2, baseline M-SRM Regularity scores did significantly predict first onset of BSD,
controlling for all covariates. Among high BAS adolescents, those with lower Regularity
scores were more likely to have a BSD onset than those with greater regularity. In contrast,
among Moderate BAS participants, M-SRM Regularity scores did not predict onset of BSD,
although greater initial hypomanic symptom severity on the ASRM did predict onset of BSD
among Moderate BAS participants.

Potential Confounds

To be certain that the predictive association between lower social rhythm regularity and
onset of BSD among High BAS participants was not attributable to adolescents with the
most irregular social rhythms having the highest BAS scores, we repeated the logistic

1The low base rate of first onsets of BSDs in the current sample, particularly in the Moderate BAS group, contributes to relatively low
statistical power. As a result, it is difficult to demonstrate a significant interaction between BAS risk status and social rhythm
regularity in predicting first onsets of BSDs with six or more needed covariates using a maximum likelihood procedure, like logistic
regression. When the BAS X Regularity interaction is added on the final step of the logistic regression controlling for the main effects
of BAS risk and social rhythm regularity in the full sample, the interaction does not predict first onset of BSD significantly (OR = .98,
p’s = .23 — .28 depending on the number of covariates included).

On the other hand, the social zeitgeber theory does not require that low social rhythm regularity serve as a risk factor for BSD
specifically among individuals with heightened reward sensitivity. However, given the bidirectional influence of the reward and
circadian systems on each other, reward hypersensitivity may well potentiate a general tendency for social rhythm irregularity to
contribute to BSD onset. Thus, low social rhythm regularity may predict BSD onset to a greater extent in High BAS than Moderate
BAS participants, as the results in Table 3 suggest.
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regression analysis for the High BAS group including BAS-Total scores as an additional,
seventh covariate. This analysis revealed that M-SRM Regularity continued to predict first
onset of BSD even while also controlling for BAS-Total scores (B = —.139, SE f =.072,
Wald = 3.786, OR = 0.870, p = .05).

Given the association between substance use disorders and high BAS/reward sensitivity
(e.g., Alloy et al., 2009; Dawe & Loxton, 2004), as well as the possibility that extensive
substance use may interfere with social rhythm regularity, we also controlled for a history of
alcohol and drug use disorders as a possible confounding factor in the relationship between
low social rhythm regularity and prospective first onset of BSD among High BAS
adolescents. Controlling for DSM-IV-TR or RDC alcohol or drug use disorders as an
additional covariate, social rhythm regularity still predicted first onset of BSD among High
BAS participants (3= -.150, SE p = .072, Wald = 4.354, OR = .861, p = .037).

Exploratory Analysis

Inasmuch as social rhythm regularity includes stability of the sleep/wake cycle as one of its
several components, we explored whether the Sleep/Wake Regularity score derived from the
M-SRM would predict onset of BSD among High BAS participants in a manner comparable
to, or better than, the overall Regularity score. When we substituted Sleep/Wake Regularity
for the overall Regularity scores in the analysis shown in Table 3 for High BAS participants,
sleep/wake regularity predicted onset of BSD at trend level significance (3 = —.743, SEf =.
461, Wald = 2.603, OR = .475, p =.107). Thus, sleep/wake regularity did not predict BSD
onset as well as overall social rhythm regularity.

Discussion

This study provided the first test of irregularity of social rhythms as a predictor of first onset
of BSD. According to the social zeitgeber model of BSDs (Alloy et al., 2015; Ehlers et al.,
1988; Grandin et al., 2006), changes in daily social rhythms or schedules lead to disruption
of circadian rhythms and, in turn, onset of bipolar mood episodes. From this perspective,
individuals with low regularity of social rhythms are hypothesized to be vulnerable to
circadian rhythm disruption, and thus, to bipolar episode onset. Given evidence for
bidirectional influences between reward sensitivity and motivation and circadian rhythms
(e.g., see Alloy et al., 2015 for review), and prior findings that reward hypersensitivity
predicts first lifetime onset of BSD (Alloy et al., 2012), we examined the vulnerability status
of low social rhythm regularity in adolescents with high reward sensitivity compared to
those with moderate reward sensitivity.

Consistent with the social rhythm irregularity vulnerability hypothesis, we found that low
social rhythm regularity significantly predicted a greater likelihood of first lifetime onset of
a BSD among adolescents already at risk based on exhibiting reward hypersensitivity, but
not among those with moderate reward sensitivity, controlling for length of follow-up,
gender, age, baseline hypomanic and depressive symptoms, and family history of bipolar
disorder. This was a very conservative test of the social rhythm regularity vulnerability
hypothesis because it involved a truly prospective design in adolescents with no prior history
of BSD and controlled for any initial subsyndromal depressive and hypomanic symptoms
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and family history of bipolar disorder. The predictive effect was maintained even when
baseline reward sensitivity (BAS-T) scores and presence of alcohol and drug use disorders
were controlled as additional covariates. It also was a conservative test because we used a
baseline measure of social rhythm regularity as the predictor of first onset of BSD. Although
the M-SRM was meant to assess more trait-like social rhythm regularity, it is impressive that
this measure predicted BSD onset up to several months later. Potentially, even stronger
prediction of BSD onset might be attained with repeated assessments of social rhythm
regularity. Thus, this study provides the strongest evidence to date that low social rhythm
regularity is a vulnerability factor for BSD, specifically among individuals with high reward
sensitivity, and adds additional support for the social zeitgeber theory of BSDs.

Our results extend prior work demonstrating that low social rhythm regularity is associated
with BSDs (Ashman et al., 1999; Jones et al., 2005; Shen et al., 2008; Szuba et al., 1992), as
well as prior studies demonstrating that low social rhythm regularity predicts recurrences of
bipolar mood episodes in individuals with BSDs (Shen et al., 2008) and that life events that
disrupt social rhythms precipitate bipolar mood episodes (Malkoff-Schwartz et al., 1998;
2000; Sylvia et al., 2009). They also are consistent with prior findings that individuals at
behavioral risk for BSDs exhibit low social rhythm regularity (Bullock et al., 2011; Meyer
& Maier, 2006). Finally, along with Boland et al. (in press), these findings provide further
evidence for a potential integration of reward hypersensitivity and social and circadian
rhythm models of BSD (e.g., Alloy et al., 2015; Murray et al., 2009). In the Project TEAM
sample, Boland et al. (in press) reported that High BAS individuals were more likely than
Moderate BAS individuals to experience social rhythm disruption in response to the
occurrence of BAS-relevant life events and that this social rhythm disruption mediated the
association between the occurrence of BAS-relevant events and prospective hypomanic and
depressive symptoms. The present findings build upon the Boland et al. study by
demonstrating that more trait-like patterns of low social rhythm regularity also predict first
onset of diagnosable BSD among individuals with reward hypersensitivity.

Our findings have potentially important clinical implications. They suggest that it may be
possible to screen adolescents and identify those at risk for developing a BSD based on
exhibiting both high reward sensitivity and low social rhythm regularity before onset occurs.
As such, it also may be possible to develop early interventions for these at-risk adolescents
targeted at either reward processing or regularizing daily schedules (Frank et al., 1997;
2005; Nusslock et al., 2009). Early identification of risk for BSDs is key to promoting more
positive outcomes.

Study Strengths and Limitations

A major strength of this study is the truly prospective design with a theory-based assessment
of social rhythm regularity. In addition, our study included a large, ethnically diverse
community sample of adolescents, which should increase generalizability of study findings,
standardized diagnostic interviews, interviewers who were blinded to social rhythm
regularity and other predictors, frequent assessment intervals allowing for sensitivity in
assessing mood episodes, and highly conservative tests of the study hypothesis including
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controls for initial symptom levels, family history of bipolar disorder, and substance use
disorders.

However, the study’s limitations need to be noted as well. First, although our sample was
ethnically diverse and representative of the larger adolescent community population from
which it was drawn on demographics, our findings may not generalize to other community
samples or to clinical samples of adolescents. Second, our assessment of social rhythm
regularity was based on a self-report measure only, albeit the reliable and valid Social
Rhythm Metric. Future studies would benefit from testing alternative measures of social
rhythm regularity as vulnerabilities for onset of BSD. Third, although the M-SRM was
designed to measure trait regularity of social rhythms, participants only completed it once at
baseline. It is possible that the regularity of some individuals’ social rhythms changed over
follow-up and thus, readministering the M-SRM at a later time point would have allowed us
to confirm that participants maintained their regularity patterns over time. Fourth, family
history of bipolar disorder was measured with the family history method rather than with
more accurate direct interviews with relatives. Fifth, social rhythm regularity as assessed by
the Social Rhythm Metric likely involves several components, including engaging in
activities that provide structure in one’s life and regularity of the sleep/wake cycle, to name
two. It is not clear conceptually which of these two aspects of social rhythm regularity is
central to its predictive association with BSD. Although we explored whether sleep/wake
regularity predicted BSD onset as well as overall regularity did, and found that it did not,
future research is needed to carefully conceptualize and parse apart the key active
components of social rhythm regularity. Given the important role of sleep disturbance in
circadian rhythm regularity and bipolar disorders (e.g., Murray & Harvey, 2010), it is likely
that other approaches to assessing regularity of the sleep/wake cycle (e.g., actigraphy, dim
light melatonin onset) may yield stronger predictive associations. Sixth, given low rates of
BSD onset in our sample and the consequent limited statistical power, we could not fully
test the specificity of the social rhythm regularity effect to High BAS participants by
examining the BAS risk group X social rhythm regularity interaction in a full logistic
regression model with all covariates. Finally, this study examined self-reported social
rhythm regularity as a risk factor for BSD onset, but not desynchronization or disruption of
circadian rhythms itself, which is hypothesized to be the more proximal mechanism
underlying vulnerability to BSDs. Future studies should investigate circadian rhythm
disruption itself as a predictor of first onset of BSD, as well as whether circadian rhythm
disruption mediates the predictive association between social rhythm regularity and BSD
onset.

In summary, this is the first prospective test of social rhythm regularity as a predictor of first
lifetime onset of disorders in the bipolar spectrum. Keeping in mind the study limitations,
our findings support the vulnerability hypothesis of the social zeitgeber model and indicate
that irregularity of social rhythms is a vulnerability for first onset of bipolar spectrum
disorders among adolescents already at risk based on reward hypersensitivity.
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Table 1

Means and Standard Deviations (SD) of Baseline Measures

High BAS(N=138) Moderate BAS (N = 95) p
BAS-T  46.17 (2.87) 37.99 (1.32) <001
SR 17.94 (1.88) 11.52 (1.84) <.001
BDI 7.11 (6.50) 6.18 (6.09) 254
ASRM  6.46 (4.01) 5.63 (3.69) 109
M-SRM  11.05 (3.36) 11.76 (2.75) 078

Note. Standard deviations are in parentheses. BAS-T = Behavioral Approach System — Total scores from the BIS/BAS Scales; SR = Sensitivity to
Reward scores from the SPSRQ; BDI = Beck Depression Inventory scores; ASRM = Altman Self-Rating Mania Scale scores; M-SRM = Modified
Social Rhythm Metric Regularity scores.
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