University of Vermont

ScholarWorks @ UVM

Graduate College Dissertations and Theses Dissertations and Theses

2016

An integrative chronobiological—cognitive approach
to seasonal affective disorder

Jennifer Nicole Rough
University of Vermont

Follow this and additional works at: https://scholarworks.uvm.edu/graddis
b Part of the Clinical Psychology Commons

Recommended Citation

Rough, Jennifer Nicole, "An integrative chronobiological-cognitive approach to seasonal affective disorder" (2016). Graduate College
Dissertations and Theses. 483.
https://scholarworks.uvm.edu/graddis/483

This Dissertation is brought to you for free and open access by the Dissertations and Theses at ScholarWorks @ UVM. It has been accepted for
inclusion in Graduate College Dissertations and Theses by an authorized administrator of ScholarWorks @ UVM. For more information, please contact

donna.omalley@uvm.edu.


https://scholarworks.uvm.edu?utm_source=scholarworks.uvm.edu%2Fgraddis%2F483&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uvm.edu/graddis?utm_source=scholarworks.uvm.edu%2Fgraddis%2F483&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uvm.edu/etds?utm_source=scholarworks.uvm.edu%2Fgraddis%2F483&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uvm.edu/graddis?utm_source=scholarworks.uvm.edu%2Fgraddis%2F483&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/406?utm_source=scholarworks.uvm.edu%2Fgraddis%2F483&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.uvm.edu/graddis/483?utm_source=scholarworks.uvm.edu%2Fgraddis%2F483&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:donna.omalley@uvm.edu

AN INTEGRATIVE CHRONOBIOLOGICAL-COGNITIVE APPROACH TO
SEASONAL AFFECTIVE DISORDER

A Dissertation Presented

by
Jennifer Nicole Rough
o
the Faculty of the Graduate College
of

the University of Vermont

In Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy
Specializing in Clinical Psychology

January, 2016

Defense Date: September, 17, 2015
Dissertation Examination Committee:

Kelly Rohan, Ph.D., Advisor

Terry Rabinowitz, M.D., Chairperson

Timothy Stickle, Ph.D.

Mark Bouton, Ph.D.

Donna Toufexis, Ph.D.

Cynthia J. Forehand, Ph.D., Dean of the Graduate College



ABSTRACT

Seasonal affective disorder (SAD) is characterized by annual recurrence of
clinical depression in the fall and winter months. The importance of SAD as a public
health problem is underscored by its high prevalence (an estimated 5%) and by the large
amount of time individuals with SAD are impaired (on average, 5 months each year). The
specific cause of SAD remains unknown; however, researchers have identified possible
chronobiological and psychological vulnerabilities to SAD. The study aimed to clarify
psychological and chronobiological correlates of SAD in the first test of an integrative
model of SAD.

The project used a longitudinal design to test the respective contributions of the
chronobiological and cognitive vulnerabilities on winter depression severity in 31 SAD
patients and 33 never-depressed controls at sites in Burlington, VT and Pittsburgh, PA.
The measures selected for the cognitive vulnerability were established measures of
vulnerability to nonseasonal depression with empirical support for their relevance to
SAD: brooding rumination, dysfunctional attitudes, cognitive reactivity to an induced sad
mood, and season-specific cognitions. The chronobiological vulnerability was measured
as Phase Angle Difference (PAD) and deviation from PAD of 6 hours. All measures were
completed once in the summer, when the SAD patients were remitted, and once in the
winter, when patients were clinically depressed. Patients were distinguished from
controls on most cognitive vulnerability measures (brooding, as well as rumination,
dysfunctional attitudes, and seasonal beliefs). SAD patients exhibited shorter PAD than
controls, but did not exhibit greater deviation from PAD-6. Results provide further
support for specific cognitive, but not chronobiological, vulnerabilities in prediction of
SAD. Limitations of the current sample are discussed.

Results hold implications for future SAD research bridging the chronobiological
and psychological disciplines with the ultimate aim of improved understanding,
assessment, treatment, and prevention of SAD.
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CHAPTER 1: Seasonal Affective Disorder (SAD)

Winter seasonal affective disorder (SAD) is a subtype of Major Depressive
Disorder, Recurrent characterized by a distinct seasonal pattern of major depressive
episodes in the fall and/or winter months that remit in the spring and summer months
(Rosenthal, Sack, & Gillin, 1984). In addition to the common symptoms of depression
(depressed mood, anhedonia, fatigue, low self-esteem), individuals with SAD often
experience ‘atypical’ symptoms, which present as a reversal of the vegetative symptoms
typical of nonseasonal depression, and include hypersomnia, weight gain, and
carbohydrate craving rather than insomnia, weight loss, and low appetite (Rosenthal et
al., 1984). To meet DSM-IV-TR criteria for SAD, an individual’s current course of
depression must show a clear seasonal pattern over the past 2 years (APA, 2000). Of
individuals with recurrent major depression, an estimated 10-20% follow a seasonal
pattern (Magnusson, 2000). Some individuals experience the opposite seasonal pattern of
major depression exclusively in the summer months with remission in the winter months,
a syndrome referred to as summer SAD (Wehr et al., 1989). Summer SAD is thought to
be due to mood sensitivity to summer climate conditions (e.g., heat, humidity) and is
considered etiologically distinct from winter-type SAD. For the purpose of this study
investigating etiological factors in the annual recurrence of winter SAD, the generic term
“SAD” is used, herein, to refer to SAD-winter type.

The experience of some seasonal changes is very common, with only 8% of
individuals reporting no seasonal variation in mood or behavior (Kasper, Wehr, &
Bartko, 1989). A milder form of SAD, termed subsyndromal SAD (S-SAD) involves
similar symptoms to a lesser degree of severity and without significant impairment
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(Bartko & Kasper, 1989). Individuals with SAD experience seasonal depressive
symptoms to an extreme degree (i.e., full-blown major depression) with functional
impairment. In the U.S. population, SAD affects an estimated 5% of adults, a total of
14.5 million Americans. SAD is associated with functional impairment for the individual
within the family and at work for an average of 5 months per year, with typical onset in
early adulthood (Magnusson, 2000). As in most other mood and anxiety disorders, SAD
is more commonly reported in females, with an estimated gender ratio in SAD of 3:1
(Magnusson, 2000; Magnusson & Boivin, 2003).
Prevalence Across Latitude

Given that low light availability in winter is hypothesized as the environmental
trigger of SAD episode onset, studies have examined whether SAD prevalence varies by
latitude. Rosen, Targum, & Terman (1990) were the first to examine SAD and S-SAD
prevalence across latitudes in the United States, comparing Nashua, NH, New York, NY,
Montgomery County, MD, and Saratoga, FL. Participants were randomly selected via
telephone directory and contacted to complete a seasonality questionnaire. Across
locations, seasonality scores were significantly higher in females, and inversely related to
age. After controlling for these demographic effects, seasonality scores were generally
higher in NH and NY as compared to MD and FL, with SAD prevalence estimates
highest in NH at 42.5°N (9.7%) and lowest in FL at 27°N (1.4%). Similar patterns were
found for subscales measuring seasonal fluctuation in mood, sleep length, and weight.
Additionally, a larger proportion of individuals at higher latitudes endorsed their seasonal
changes as problematic as compared with individuals at lower latitudes (26.1% in NH vs.
13.5% in FL). Individuals at the three higher latitudes were also over two times more
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likely to identify winter months as the worst months than individuals in FL. Similar
investigations of latitude and prevalence were implemented in Scandinavia, with mixed
results, whereas no effect of latitude was found on SAD prevalence in Italy, Turkey, or
Australia, as reviewed by Magnusson (2000). In a study examining the prevalence of
SAD across eight degrees of latitude in Canada from 41.50°N to 49.49°N, latitude was
found to be only weakly negatively correlated with seasonal change in mood (Levitt &
Boyle, 2002). Thus, the strongest evidence for an effect of latitude on prevalence has
been found in U.S. populations (Mersch, Middendorp, Bouhuys, Beersma, & van den
Hoofdatter, 1999), suggesting that socio-cultural influences may impact SAD as well.
Environmental Triggers of SAD

Epidemiological studies examining SAD across latitude were indirectly testing
the effect of light availability on SAD. However, these studies did not control for
potentially confounding factors such as time spent outdoors, geographical climate, or the
tendency of individuals with SAD to migrate southward for symptom remission
(Magnusson, 2000; Mersch et al., 1999). Two survey studies in Japan compared the
effects of latitude and local hours of sunshine on SAD prevalence. Although both factors
significantly correlated with SAD prevalence, a regression analysis revealed that hours of
sunshine, but not latitude, was related to SAD prevalence (Okawa, Shirakawa, &
Uchiyama, 1996; Sakamoto, Kamo, Nakadaia, Tamura, & Takahaski, 1993). In a direct
test of environmental factors on SAD symptom severity, Molin, Mellerup, Bolwig,
Scheike, and Dam (1996) assessed depression severity biweekly from September to May
in a sample of SAD patients in Copenhagen, Denmark. Depression severity was found to
correspond to local meterological data, whereby light availability factors (e.g., minutes of
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sunshine, global radiation, and photoperiod) inversely predicted depression severity
across the winter season in SAD patients. Young, Meaden, Fogg, Cherin, and Eastman
(1997) tested the effects of different environmental triggers on the annual timing of SAD
onset by pooling data on the timing of SAD symptom onset across seven fall seasons,
from 1988-1994 in SAD patients in Chicago, IL. Weekly onset risk for SAD was derived
using a survival analysis, and a multiple regression analysis was utilized to test the
relative impact of variations in weather (hours of sunshine, temperature, solar radiation)
and photoperiod (i.e., daylength from dawn to dusk) on the timing of SAD onset.
Photoperiod was the only significant predictor of onset risk, accounting for 26% of the
variance in risk (Young et al., 1997). Thus, despite being highly correlated with the
seasonal pattern of SAD risk, none of the other environmental variables, or their
interaction with photoperiod, accounted for significant variance in SAD risk above and
beyond that by photoperiod alone, supporting photoperiod as the primary environmental
predictor of SAD risk.
Chronobiological Vulnerability to SAD

To further explain the relation between photoperiod and seasonal depression
severity, psychiatric researchers have proposed several theories implicating circadian
rhythm abnormalities in SAD, suggesting that SAD patients demonstrate unique
chronobiological responses to the seasonal changes in photoperiod. In order to articulate
these theories, a brief description of the circadian pacemaker is needed.

The human circadian pacemaker, located in the suprachiasmatic nucleus (SCN) of
the anterior hypothalamus, is responsible for synchronizing physiological processes to the
external 24-hour light/dark cycle. The circadian clock is calibrated to the light/dark cycle
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on a daily basis via input from external time cues, or zeitgebers, with light being the most
potent zeitgeber. Ocular light input is projected to the SCN via the retinohypothalamic
tract. The pacemaker, in turn, emits an endogenous neural signal of day length to
regulate the timing of circadian rhythms in hormone secretion, sleep, alertness, and other
behaviors (Wehr, 2001).

The human circadian system cannot be examined directly, thus, pacemaker output
is measured by the timing of rhythms regulated by the daily resetting of circadian phase
(e.g., core body temperature, melatonin, and cortisol release). Melatonin is secreted by
the pineal gland at night, with daytime suppression by light. In humans, melatonin
typically remains elevated for 10-12 hours at night, increasing significantly 2-3 hours
prior to bedtime (Benloucif et al., 2008). The clock time of the onset of melatonin
release captured under dim light conditions is referred to as the dim light melatonin onset
(DLMO), and is the most commonly utilized biomarker for circadian phase as it appears
to be relatively robust to changes in sleep, stress, and activity as compared to other
measures of circadian phase such as core body temperature and cortisol (Arendt, 2005;
Benloucif et al., 2008; Burgess & Fogg, 2008; Lewy, Wehr & Goodwin, 1980). See
Figure 2 for an illustration of the temporal relation between DLMO and sleep.

Photoperiodic hypothesis. In mammals, the duration of nocturnal melatonin
release varies by photoperiod and serves as a physiological signal of season for regulation
of seasonal changes in physiology (e.g., thermoregulation, metabolism) and behavior
(e.g., reproduction) where shorter photoperiods correspond to longer, and longer
photoperiods correspond to shorter, melatonin release durations (Wehr, 2001).

Therefore, the photoperiodic hypothesis proposes that people with SAD are like other
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mammals in that they have retained this circadian signal of season and uniquely exhibit
prolonged duration of nocturnal melatonin release in response to the shortened
photoperiod of winter (Wehr, 2001). This effect has been experimentally tested in
studies examining circadian responses to natural and contrived variations in photoperiod
in humans.

An initial investigation of the adaptation of melatonin duration to artificial
photoperiods in healthy individuals exposed participants to two counterbalanced,
contrived photoperiods: very short (10 hours of light/14 hours of darkness) and also very
long (16 hours of light/8 hours of darkness) photoperiods corresponding to winter and
summer day lengths, respectively (Wehr, Moul, Barbato, Giesen, & Seidel, 1993).
Circadian rhythms were found to be expanded after exposure to the shortened
photoperiod (long night) as compared to the same individuals exposed to longer
photoperiods, as measured by the durations of nocturnal melatonin release, low core body
temperature, and sleep. These effects retained after 24 hours in dim light conditions,
providing further support to the circadian effects induced by photoperiod. These findings
provide support that humans have retained the ability to track seasonal changes in this
manner.

To test whether a unique response in melatonin duration was present in SAD,
Wehr et al. (2001) compared SAD patients with healthy controls on duration of melatonin
release in summer and winter. Patients exhibited longer active melatonin release
durations during winter relative to themselves in summer (an average difference of 36
minutes), with the variance largely accounted (67%) for by a winter delay in timing of the
offset of melatonin. However, control individuals did not show a significant seasonal
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difference in the duration of melatonin release. This finding suggests that expanded
melatonin duration in winter relative to summer may be involved in SAD. However, this
is the only study to date comparing melatonin duration across seasons in SAD patients
and controls, the results need to be replicated.

Phase Shift Hypothesis. The Phase Shift Hypothesis (PSH) postulates that SAD
results from a seasonal misalignment between the circadian clock and the external
light/dark cycle or other biological rhythms (e.g., sleep/wake; Lewy, Sack, & Singer,
1988). Specifically, the PSH suggests that SAD patients become depressed in winter due
to the later dawn, which causes a circadian phase delay relative to the light/dark cycle
(clock time) or sleep/wake cycle. This hypothesis arose out of an observation that a
group of SAD patients exhibited more delayed circadian rhythms relative to
nondepressed controls in winter prior to treatment (Lewy, Sack, Singer, & White, 1987).
In this study, morning light therapy phase advanced SAD patients’ circadian rhythms to
simulate those of the nondepressed controls, and was also shown to elicit a stronger
antidepressant effect than evening light administration (Lewy et al., 1987). Thus, Lewy
and colleagues inferred that SAD patients may exhibit phase-delayed circadian rhythms
in winter, and that morning bright light may reduce depressive symptoms by correcting
delayed circadian rhythms via advancing the circadian clock to simulate summer
rhythms. The theory has become one of the most widely studied in SAD (Lewy, 2015),
yet has yielded highly inconsistent findings, as reviewed below.

The PSH has largely been indirectly tested in bright light treatment trials
comparing antidepressant responses to light administered at various times of day. Light
is the primary zeitgeber for entrainment of the circadian system and has consistently been
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shown to induce circadian phase resetting in humans according to a phase response curve
(PRC; Czeisler et al., 1989). With the core body temperature minimum (t-min) marked
as an estimator of the crossover point between the advance zone and delay zone of the
PRC, studies have found the direction and magnitude of circadian phase shift achieved to
be a sinusoidal function of the time of light administration relative to the circadian clock,
with the largest phase shifts resulting from light exposure within 2 to 6 hours before
(delay) and after (advance) the time of the t-min (as reviewed in Eastman & Martin,
1999). Consistent with the PRC to light, Terman, Terman, and Cooper (2001) found
morning light to advance, and evening light to delay, melatonin onset in SAD patients.
According to the PSH, morning administration of bright light should elicit better
treatment response, as compared to other administration times, because morning light
advances the circadian clock per the phase response curve and is thought to correct the
proposed pathophysiologic phase delay in SAD. Thalen, Morkrid, Kjellman, and
Wetterberg (1995) reported no differences in degree of improvement associated with
morning vs. evening light; however, a greater proportion of SAD patients exhibited a
significant treatment response to light (defined as a 50% reduction in symptoms) than
nonseasonally depressed patients, suggesting that SAD patients may have a unique
physiological or psychological response to light. One meta-analysis reported that dual
(morning-plus-evening) light exposure was superior to single exposures at morning,
evening, or midday (Lee, Blashko, Janzen, Paterson, & Chan, 1997). Two early studies
utilizing cross-over designs to compare the efficacy of morning versus evening light both
reported that morning light administration elicited a superior antidepressant response to
evening light (Avery, Khan, & Dager, 1991; Lewy et al., 1987). In a review of light
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therapy trials, Terman, Terman, and Quitkin (1989) concluded that morning light
administration was associated with the greatest antidepressant response (53% remission
rate), relative to light administered in the evening (38%) or midday (32%), all superior to
placebo response (11%). Morning-plus-evening light exposure was not superior to
morning light alone. Three independent research groups published data in 1998 each
corroborating earlier findings that morning light is associated with better antidepressant
response than evening light (Eastman, Young, & Fogg, 1998; Lewy et al., 1998; Terman,
Terman, & Ross, 1998). Cool white fluorescent light exposure (10,000 lux) administered
in the morning daily for a minimum of 30 minutes is the current gold standard treatment
for SAD (Golden et al., 2005), with optimal administration on the advance zone of the
PRC, clinically derived as 2.5 hours after the midpoint of sleep (Terman et al., 2001).

According to the PSH, evening light would be expected to worsen SAD
symptoms due to inducing or exacerbating a circadian phase delay. However, Terman et
al. (1989) found that although morning light provided a stronger antidepressant response,
evening light alone was also associated with full remission in some (38%) patients, an
effect that directly opposes the phase delay theory of SAD and stands as a primary
critique of the PSH.

The superiority of response to morning light over evening indirectly supports the
PSH; however, this finding alone does not necessarily implicate a corrective phase
advance as the mechanism of the antidepressant response to light. Terman et al. (2001)
examined the relation between the antidepressant response and phase shift magnitude to
morning or evening light exposure utilizing a within-subject cross-over design with SAD
patients. The magnitude of phase advance with morning light was significantly
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positively correlated with symptom improvement, yet phase shifts with evening light
were not significantly associated with antidepressant response. Similarly, Thompson,
Childs, Martin, Rodin, and Smythe (1997) found SAD patients uniquely exhibited a
phase advance of the melatonin rhythm to morning bright light treatment in winter;
however, the degree of phase advance in patients did not correlate with symptom
improvement. Eastman, Gallo, Lahmeyer, and Fogg (1993) found no association
between the direction or magnitude of temperature rhythm phase shifts to morning light
treatment and improvement in symptoms, nor were differences in phase shifts reported
between SAD patients and controls. However, as noted by Eastman et al. (1993), the
data were pooled across cross-over trials despite order in sequence of light treatments.
Thus, the inconsistent findings could be due to the confound of carry-over effects.
Rosenthal, Levendosky, and Skwerer (1990) also reported a nonsignificant relation
between phase shift of the core-body temperature rhythm and antidepressant response to
morning+evening light therapy. However, when analyzed by phase-type, individuals
whose rhythms phase advanced during light treatment exhibited a greater antidepressant
response. Studies testing phase shifts as a necessary component of the antidepressant
response have largely indicated that phase shifts accompany, but may not be necessary
for, an antidepressant response to light in SAD.

Bright light treatment trials have provided indirect tests of the PSH by comparing
circadian phases at pretreatment (when depressed) and posttreatment (when
nondepressed) during winter in patients to controls. Other studies have more directly
tested the PSH by comparing circadian rhythms across seasons in untreated SAD patients
and controls to examine whether SAD patients exhibit a unique seasonal misalignment of
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circadian rhythms. Checkley et al. (1993) compared the 24-hour melatonin release
profiles during winter (November to March) in a sample of SAD individuals relative to
nondepressed, healthy controls matched for age, sex, and month of study. The groups
exhibited similar nocturnal melatonin profiles, such that there were no significant group
differences found in the clock time of the onset, mean, amplitude, or acrophase (peak) of
nocturnal melatonin release. The PSH predicts that the DLMO should be phase-delayed
(shifted later) in SAD patients relative to controls in winter, which was not supported.
Another study reported no differences in the timing of other 24/hour biological rhythms
(cortisol, prolactin, and thyrotropin) between SAD patients when depressed and
nondepressed controls (Oren, Levendosky, Kasper, Duncan, & Rosenthal, 1996), thus
providing no evidence of other phase-delayed rhythms in SAD.

In 2001, Wehr et al. published a longitudinal study comparing 24-hour melatonin
profiles of SAD patients and nondepressed controls in winter and in summer. There were
no differences in the clock time of circadian phase (e.g., DLMO) in patients vs. controls.
Therefore, this initial study of seasonal shift in the clock time of circadian phase did not
support the posited phase delay in the DLMO as proposed by the PSH. However, Wehr
et al. (2001) did not control for the timing of sleep, but did note in a secondary analysis
that variation in wake time accounted for 7% of the variance in the winter duration of
melatonin release in SAD patients. The lack of control for the effect of the rest/activity
cycle (also referred to as sleep/wake cycle) on the clock time of circadian phase (e.g.,
DLMO) is a limitation across some naturalistic and treatment studies examining
biological rhythms in SAD patients. Although light is the strongest zeitgeber to the
circadian pacemaker, nonphotic zeitgebers informed by the timing of the sleep/wake
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cycle (e.g., sleep, activity) have been shown to alter the timing of circadian phase, thus
possibly confounding or masking the influence of other factors of interest (e.g., season,
psychopathology) on circadian phase.

Although the melatonin profile is more robust to influences from the sleep/wake
cycle (i.e., activity and posture) than core body temperature or cortisol (Benloucif et al.,
2012), there is a bidirectional relation between the sleep/wake cycle and circadian phase
such that changes in sleep induce some shift in the timing of melatonin production and
vice-versa, which reflects the dual oscillator model of the mammalian circadian rhythm
(Arendt, 2005). Burgess and Eastman (2006) found that adjusting sleep times results in
parallel phase shifts of the human melatonin rhythm, such that later wake times were
shown to phase delay, and earlier wake times were shown to phase advance, the DLMO
and dim light melatonin offset (DLMOff). The coupling of the timing of sleep with that
of melatonin release has been recorded in healthy individuals as well, such that a 1-hour
change in sleep time corresponded to a .87-hour (i.e., 52 min.) change in the timing of the
DLMO (Sletten, Vincenzi, Redman, Lockley, & Rajaratnam, 2010; Wright, Gronifer,
Duffy, & Czeisler, 2005).

Given the close coupling of the sleep/wake and circadian oscillators, studies
examining the clock times of circadian biomarkers (e.g., DLMO) have not adequately
controlled for effects of sleep variability on DLMO. Winkler et al. (2005) found the
timing of wrist actigraph-measured sleep and activity in SAD patients was phase delayed
(by an average of 50 minutes) in winter at baseline, prior to treatment with bright light
relative to controls. This evidence of seasonal shift in sleep timing in SAD highlights the
importance of controlling for the timing of the sleep/wake cycle when examining
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circadian markers across individuals, for classification of circadian functioning in SAD.
Additionally, morning light treatment has also been shown to phase advance sleep and
activity patterns in SAD patients to match those of nondepressed individuals (Winkler et
al., 2005), suggesting light exposure patterns phase shift sleep as well as circadian phase.
The inter-individual variation in the timing of the rest/activity cycle is also reflected in
sleep. This variation is due to inter-individual differences in activity demands (e.g., work
schedules), light exposure patterns and diurnal variation (i.e., morning or evening type).
Thus, comparing the DLMO across individuals without controlling for these factors does
not accurately measure pure individual differences in circadian functioning. The effects
of the sleep/wake cycle can be removed in extensive unmasking protocols that stabilize
the timing of sleep in order to allow isolation of assessment of true effects on circadian
phase.

The forced desynchrony protocol is the most extensive unmasking procedure,
which requires participants to spend one week to one month in an inpatient temporal
isolation chamber void of external zeitgebers while placed on artificial day lengths of
either very short (20 hour) or long (28 hour) regimens that are incompatible with
pacemaker functioning (Aschoff & Wever, 1976). The contrived “day” is spent in dim
light, and the “night” is spent in darkness to avoid photic resetting of the circadian clock.
This abnormal day length forces the endogenous circadian pacemaker to become
desynchronized from the sleep/wake cycle and run at the natural rate of the individual’s
intrinsic period length (Czeisler et al., 1999). This uncoupling of the circadian oscillators
allows measurement of an individual’s circadian pacemaker functioning independent of
the effects by sleep and activity, as captured via the intrinsic period length (assessed by
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the rate of shift in the timing of the DLMO or t-min from baseline to the end of the
desynchrony protocol).

To investigate the effect of circadian functioning on mood in SAD patients,
Koorengevel, Beersma, den Boer, and van den Hoofdakker (2003) studied seven SAD
patients and eight matched controls under forced desynchrony (20-hour day) for 10 days
across the following conditions: during a Major Depressive Episode in winter, upon full
remission from light treatment, and when naturally remitted in summer. Healthy
matched-control participants were assessed once in summer, once in winter. Circadian
phase was measured by serial salivary melatonin (DLMO) and continuous rectal core
body temperature (t-min) for one day at the start and end of the protocol. This protocol
revealed no significant group differences in circadian period or phase (assessed by
DLMO or t-min) and no significant within-subject changes in circadian period or phase
across conditions. Although the small sample size may have affected power to detect
minor fluctuations across conditions, this study did not support the PSH’s assertion of
pacemaker abnormalities in SAD. However, significant mood-dependent circadian phase
shifts were reported in a patient with SAD studied under two forced desynchrony
protocols, when depressed and when euthymic (Koorengevel, Beersma, Gordijn, den
Boer, & van den Hoofdakker, 2000). A significant phase delay in the circadian
temperature rhythm (t-min) was observed during the depressed mood state, as compared
to the euthymic mood. This subject highlights possible inter-individual variation for
SAD patients to experience circadian misalignments when depressed.

A second unmasking protocol is referred to as a constant routine procedure, which
involves an inpatient stay where the exogenous factors (e.g., sleep, activity, food, light,
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and temperature) are kept constant between all participants via bed rest, forced
wakefulness for 24 hours in dim light, and regularly-timed meals (Czeisler et al., 1985).
This protocol has been utilized by the majority of light therapy trials conducted to
indirectly test whether SAD patients exhibit circadian phase-shift corresponding to
treatment response. Avery et al. (1997) assessed the circadian response to light therapy
while controlling for the inter-individual differences in sleep times by utilizing a constant
routine protocol with standardized sleep schedules across all participants. The degree of
advance in the temperature minimum (t-min) correlated with degree of change in
Hamilton Depression Rating Scale scores from baseline to posttreatment in SAD patients
(Avery et al., 1997). Similarly, Dahl, Avery, and Lewy (1993) compared the DLMO and
core body temperature rhythms under constant routine conditions in six SAD patients and
six nondepressed healthy controls during winter. Both the DLMO and t-min
(temperature minima) were significantly phase-delayed in patients relative to controls,
providing support for winter phase-delayed circadian rhythms in SAD. However, as
noted by Avery et al. (1997), the imposed sleep schedule may differentially alter the
natural timing of circadian function between participants due to inter-individual variation
of previous circadian phase, sleep, and diurnal variation. These factors have been shown
to correspond to inter-individual variation in intrinsic period length, the endogenous rate
of circadian oscillation which is near 24-hours in humans (Czeisler et al., 1999; Duffy,
Rimmer, & Czeisler, 2001).

In addition to the constant routine procedures and forced desynchrony protocols
mentioned above, a third method to control for the effects of the sleep/wake cycle on
circadian phase in ambulatory conditions is to calculate the timing of circadian phase
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relative to sleep. Phase Angle Difference (PAD) is defined as the temporal interval (in
hours) between the circadian marker (e.g., DLMO) and sleep (e.g., midpoint of sleep).
PAD is a better measure than clock time of circadian phase because PAD controls for the
inter-individual variability in the timing of sleep, obviating the need to standardize sleep
schedules across participants, thereby reducing noise in circadian phase assessment.

PAD measures the temporal relation of circadian phase to the sleep/wake cycle.
The PSH postulated that SAD may involve a circadian misalignment between the
pacemaker and the external light/dark cycle, or between the pacemaker and other
biological rhythms such as the sleep/wake cycle (Lewy et al., 1988). The majority of the
studies to date have tested the PSH as delays in circadian phase (e.g., DLMO) relative to
the light/dark cycle (clock time). However, Lewy et al. (2003) proposed an optimal
antidepressant phase angle between the circadian rhythm and sleep, as the DLMO in
euthymic controls typically occurs 14 hours after wake time and 2 hours prior to sleep
onset (Sletten et al., 2010). The 14-hour waketime-DLMO interval corresponds to a
DLMO-midsleep interval of 6 hours, assuming an 8-hour sleep duration. Initial evidence
for PSH was reported in an initial trial of exogenous melatonin for treatment of SAD
(Lewy et al., 2003), whereby baseline-to-post-treatment reductions in mood were
correlated with circadian shifts towards this proposed therapeutic window for phase-
delayed SAD patients. To date, there have been two primary studies examining the
relation between PAD and mood in SAD patients.

In 2006, Lewy et al. tested a placebo-controlled trial of exogenous melatonin as a
phase shifting agent and potential treatment for individuals with SAD. SAD patients and
controls were administered a low-dose of melatonin in the morning or afternoon/evening.
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DLMO and SIGH-SAD assessments were completed at baseline and post-treatment.
PAD was found to be parabolically associated with pre-treatment depression severity,
such that greater absolute deviations (either shorter or longer) from a PAD of 6 hours
(DLMO to midsleep) were associated with significantly greater baseline symptom
severity, accounting for 17% of the variance in pre-treatment Structured Interview Guide
for the Hamilton Depression Scale — Seasonal Affective Disorder Version scores (Lewy
et al., 2006). Neither parabolic, nor linear absolute deviation relations, were found
between depression severity and DLMO or midpoint of sleep alone, suggesting the
relevant marker is the circadian misalignment between these two oscillators. This study
was based on the melatonin PRC that is 12 hours out of phase with the PRC to light, such
that morning exogenous melatonin has been shown to induce phase delays, whereas
evening melatonin induces phase advances of the circadian clock (Lewy, Ahmed,
Jackson, & Sack, 1992; Lewy, et al., 1998). Consistent with the PRC, evening melatonin
was shown to phase delay the DLMO and lengthen PAD; whereas morning melatonin did
not significantly shift the DLMO or change PAD. In patients who received evening
melatonin (the group that demonstrated the greatest phase shifts across treatment),
individual absolute deviation (toward or away) from PAD-6 across treatment
significantly predicted pre- to post-treatment change in depression severity, such that
reduced deviation (shift toward) PAD-6 across treatment predicted greater reduction in
depression severity. This study supports the PSH as depression severity in SAD patients
corresponded to the degree of circadian misalignment relative to an optimally entrained
circadian phase of 6 hours between the DLMO and midpoint of sleep (PAD-6), at
baseline and across treatment with melatonin.
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Burgess, Fogg, Young, and Eastman (2004) further examined whether the
antidepressant effect of light therapy is related to circadian timing of core body
temperature, and the PAD between the core body temperature minimum (t-min) and sleep
offset. Twenty-six patients with SAD were randomly assigned to receive 4 weeks of
morning light, evening light, or placebo (deactivated negative ion generator). Circadian
phase was captured via rectal core body temperature measured continuously for five
weeks (baseline and during treatment). To minimize variation of circadian phase due to
sleep changes throughout treatment, each participant kept an individualized stable sleep
schedule (i.e., sleep timing and duration of 7-8 hours) for the four weeks of treatment.
Average sleep duration and wake time did not differ between groups. Consistent with the
phase response curve, morning light advanced, and evening light delayed, the t-min by 1
hour, resulting in lengthened with PAD with morning light, and shortened PAD with
evening light. Yet, neither the degree of phase shift in the clock time of t-min nor the
degree of shift in the interval between t-min and sleep offset, were signfiicantly
correlated with the antidepressant response. However, Burgess et al. (2004) examined
antidepressant response and PAD-3 (t-min to sleep offset), which corresponds to the
proposed “sweet spot” of PAD-6 (DLMO to midsleep) in SAD. Patients with a t-min to
sleep offset PAD of 3 hrs at week 4 exhibited the greatest improvement in mood. Further,
SAD patients whose PADs moved closer to the proposed core body temperature “sweet
spot” (PAD-3 hr) across the 4 weeks of treatment exhibited, on average, a two-fold
reduction in symptoms as compared to patients whose PADs moved away from 3 hours

from baseline to post-treatment. Absolute deviation from PAD-3 accounted for 33% of
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the variance in SIGH-SAD scores at post-treatment (Burgess et al., 2004), with 38% of
patients’ PADs falling near 3 hrs (i.e., 2.5-3.5) hrs at week 4.

The findings of Lewy et al. (2006) and Burgess et al. (2004) elucidated the need
to account for phase type (direction of shift) when assessing the relation between
circadian phase shifts and depression severity in SAD. Lewy et al. (2006) reported that a
majority (71%) of patients exhibited phase delays (PADs less than 6), and a minority
(29%) exhibited phase advances (PADs greater than 6). The timing of melatonin
treatment (morning or evening) was randomly assigned prior to phase-typing, and
therefore, was not necessarily consistent with the direction of phase shift expected to be
antidepressant (e.g., AM melatonin for phase-advanced patients and PM melatonin for
phase-delayed patients). Before accounting for the confounding effect of phase type in
response to exogenous melatonin treatment, there were no significant differences in
percentage change in depression severity across treatment between morning melatonin,
evening melatonin, or placebo treatment groups. However, when comparing treatment
improvement across phase type (e.g., advance or delay), patients who received the
“correct” treatment, as matched to their phase type, exhibited a significantly greater
reduction (34%) in depression severity, as compared to those who received the incorrect
(19%), or placebo (20%) treatments (Lewy et al., 2006). This effect indirectly supports
the PSH because a treatment matched to the circadian misalignment was associated with
better treatment response. Similarly, Burgess et al. (2004) reported null associations
between degree of circadian phase shift (PAD between t-min and sleep offset) across

treatment and antidepressant response to light treatment. However, direction of shift
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toward or away from PAD-3 across treatment accounted for a significant proportion of
variance (33.3%) in the antidepressant response.

These studies are yet to be replicated to provide more support for the role for
circadian phase shifts assessed via PAD in SAD versus controls. However, these
preliminary studies highlight that variability in PAD may relate to antidepressant
response to bright light therapy by SAD patients. Although 75% of SAD patients were
found to fall within the proximity of PAD-3 at post-treatment, 46% of patients had
exhibited a PAD near 3 hrs at baseline (Burgess et al., 2004). This finding highlights
possible variability in exhibited PAD and its possible relation to mood in SAD. Further,
Wright et al. (2005) reported natural inter-individual variation in PAD (DLMO-sleep
onset) in healthy individuals, related to inter-individual variation in the length of the
intrinsic period, such that a shorter intrinsic period was associated with longer PAD, and
a longer period with shorter PAD. The findings of Wright et al. (2005) further suggest
that inter-individual variation in intrinsic period also may account for normative variation
in PAD. The variability in PAD-6 (or PAD-3) within SAD patients, and as compared to
controls, has yet to be determined.

There is preliminary evidence to suggest unique effects of circadian
misalignments in nonseasonal depression. In a study of women with nonseasonal major
depressive disorder assessed as mildly to moderately depressed, a strong negative
correlation was found between PAD (DLMO-midsleep) and severity of depressed mood,
such that a shorter PAD (more delayed circadian phase relative to sleep) was associated
with greater depressive symptom severity as assessed by the Profile of Mood States-Brief
Form (Emens, Lewy, Kinzie, Arntz, & Rough, 2009). In comparison to nondepressed
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controls, nonseasonally depressed patients exhibited a greater t-min-midsleep PAD,
consistent with the shorter DLMO-sleep PAD reported in prior studies (Hasler, Buysse,
Kupfer, & Germain, 2010).

Additionally, there are a few studies to date that have supported a relation
between circadian phase shifts and mood in healthy populations. Emens, Lewy, Rough,
and Singer (2009) found PAD, assessed as DLMO to midpoint of sleep, was associated
with mood ratings in healthy medical students, such that shorter PAD was associated with
more depressed mood. This finding suggests a circadian misalignment to sleep may be a
correlate of normative variation in mood. Whether the association between PAD and
mood is stronger in SAD patients relative to controls has yet to be tested. Murray, Allen,
and Trinder (2003) examined seasonal changes in self-reported diurnal preference (i.e.,
Morningness-eveningness as an indirect measure of circadian phase) within a sample of
community sample of healthy adults in Melbourne, Australia. Murray et al. (2003) found
that the majority of individuals exhibited a winter shift towards eveningness, the
magnitude of which was associated with a lowering of mood from summer to winter
within individuals. These studies support the possibility that circadian phase and/or
diurnal preference may influence subtle mood shifts in healthy adults, as well, and
thereby may not be an exclusive phenomenon in SAD.

In summary, the PSH has been controversial as there have been mixed results
regarding the involvement of a circadian misalignment in SAD. However, many of these
studies have examined the phase shift in the clock time of circadian rhythms without
controlling for the effect of inter-individual variation in sleep. In an extension of the
PSH, Lewy et al. (1988) suggested SAD may involve a circadian misalignment relative to
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the sleep/wake cycle. Studies examining the effect of the temporal relation between
circadian rhythms and sleep (PAD) in SAD have shown that degree circadian
misalignment to an optimal entrained PAD has correlated with depression severity in
winter, and that degree of realignment of PAD after treatment with melatonin or bright
light has been associated with SAD symptom improvement (Burgess et al., 2004; Lewy
et al., 2003; 2006). Although circadian misalignment to sleep appears to be a correlate of
SAD, causation has not been established. Additionally, a misalignment in PAD does not
appear to fully account for the variance in SAD severity as not all patients exhibited
misalignments when depressed (Burgess et al., 2004; Lewy et al., 2006). Given the
limited number of studies examining PAD in SAD, important facets of the relation
remain unknown, such as whether individuals with SAD exhibit a different degree of
seasonal change in PAD than healthy, nondepressed individuals. More broadly, the
mechanism linking a misalignment in circadian rhythms to a disruption in mood has yet
to be elucidated as does the mechanism(s) of bright light treatment in symptom
improvement.

Mechanisms linking photoperiod to circadian rhythmicity. There are several
potential mechanisms to explain unique circadian responding to the short photoperiod of
winter in SAD: seasonal variation in light exposure, retinal subsensitivity to light, or
abnormal pathways in the circadian system (e.g., melanopsin photoreceptors, clock
genes).

Light exposure patterns. Studies examining time spent outdoors across seasons
as an indirect measure of light exposure found that SAD patients reported spending more
time outside in summer and less time outdoors in winter (Eastman, 1990). Additionally,
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patients spent significantly more time outdoors in summer than controls (Graw, Recker,
Sand, Krauchi, & Wirz-Justice, 1999). This pattern is consistent with, although not direct
evidence of, retinal subsensitivity to light in SAD suggesting SAD patients may require
greater light exposure to maintain a euthymic mood, for which SAD patients compensate
with greater time spent outdoors in summer, but are not able to do so in winter due to the
weather. Oren, Moul, Schwartz, and Brown (1994) tested whether SAD patients
exhibited unique light exposure patterns in winter as compared to controls. Actual
ambient light exposure as experienced by SAD patients and controls was measured
continuously via actigraphic wrist monitors. In this study, comparable light exposure
intensity was reported by patients and controls during the winter; however, a significant
correlation between depression severity and photoperiod was found for patients only,
where shortened photoperiod was associated with greater depression severity. This
finding suggests that SAD patients may exhibit a unique sensitivity to low light
availability in winter.

Retinal subsensitivity. Circadian responses to changes in photoperiod are
partially mediated through the retina. There is research to suggest aberrant functions of
the retinal photoreceptors (rods and/or cones) may contribute to the etiology of SAD and
the response to light therapy. A healthy retina responds to low light levels with increased
sensitivity to maintain visual acuity. There are two opposing theories of unique retinal
sensitivities in SAD. The first posits that SAD patients may have a retinal subsensitivity
or impaired retinal adaptation to low light levels, posing greater problems in winter when
environmental light availability is low due to short photoperiods (Remé, Terman, &
Wirz-Justice, 1990). The second theory suggests that SAD patients may experience a
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heightened sensitivity, or supersensitivity, to lower light levels, which may uniquely
affect circadian rhythms in SAD patients during winter (Beersma, 1990). Only a few
studies have examined retinal sensitivity across the seasons in SAD patients and
nondepressed controls. Ozaki, Rosenthal, Myers, Schwartz, and Oren (1995) measured
retinal sensitivity in summer and in winter in SAD patients and nondepressed controls via
the electrooculogram (EOG), an objective measure of retinal standing potential, with
higher ratios indicative of higher retinal sensitivity. Only controls were found to exhibit
an increased retinal sensitivity in winter, whereas SAD patients did not demonstrate a
seasonal difference in sensitivity, suggesting non-SAD individuals may be able to
compensate for low light conditions in winter whereas SAD patients are not (Ozaki et al.,
1995 A recent finding of diminished pupillary response in winter in SAD further supports
the retinal subsensitivity hypothesis (Roecklein et al., 2013). Specifically, SAD patients
had a smaller post illumination pupil response (PIPR; i.e., less pupil constriction
following a blue light stimulus) than controls in winter. The Roecklein et al. (2013)
study was cross-sectional with testing in winter only, so it remains unknown whether this
group difference persists at summer. Similarly, Lavoie et al. (2008) examined rod
sensitivity with electroretinogram (ERG) to light across seasons (summer and winter) in
SAD patients and controls and over four weeks of light treatment during winter in
patients. Only SAD patients demonstrated rod and cone retinal subsensitivity in winter
(at pre-treatment), as compared to their post-treatment levels when remitted with light
therapy. At summer, SAD patients were compared to controls, who did not exhibit
seasonal changes in retinal sensitivity. Hébert, Dumont, and LaChapelle (2006)
measured ERG in individuals with subsyndromal SAD (S-SAD) and healthy controls in
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summer and winter. A group difference was observed in winter only, with lower
sensitivity in the S-SAD group, for whom the magnitude of decrease in rod sensitivity
from summer to winter was positively correlated with seasonality, the degree of seasonal
variability in an individual’s mood and behavior. In contrast, Terman and Terman (1999)
found support for a retinal supersensitivity in SAD. SAD patients, but not controls,
exhibited a seasonal fluctuation in retinal sensitivity, with higher sensitivity in winter
relative to summer, and increased retinal sensitivity (faster rod recovery and lower cone
threshold) during a dark adaptation protocol in winter, as compared to controls. Given
the inconsistency of findings and multiple measures of retinal sensitivity utilized, more
research is needed to explicate whether SAD patients exhibit a heightened or impaired
retinal sensitivity and how retinal sensitivity aberrations may contribute to winter
depression severity (e.g., whether aberrant retinal function is tied to chronobiological or
psychological factors in SAD).

Melanopsin. Recently, a novel non-visual photopigment, melanopsin, has been
discovered in mammalian retinal ganglion cells (Provencio et al., 2000) and possibly
implicated in SAD (Roecklein et al., 2009). The photoreception detected by the non-
visual melanopsin system independently projects to the SCN via the retinohypothalamic
tract, supplementing the photic input from the ocular system (retinal rod and cone
receptors) in the regulation of circadian entrainment, melatonin production, sleep timing,
and pupillary response (Gooley, Lu, Chou, Scammell, & Saper, 2001; Gooley, Lu,
Fischer, & Saper, 2003). The melanopsin system has provided possible explanation as to
how circadian entrainment to the light/dark cycle is maintained in mammals without
visual light perception (Freedman et al., 1999; Provencio, Rollag, & Castrucci, 2002).
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The melanopsin pathway appears to be critical for circadian function, as evidenced by
impaired circadian phase-setting observed in a breed of melanopsin-knockout mice
(Panda et al., 2002). Thus, abnormalities in the melanopsin system could underlie unique
responding to photoperiod in SAD as proposed in the photoperiodic or phase-shift
hypotheses. The first study examining the role of melanopsin in SAD found a single
missense variant in the melanopsin OPN4 gene to be associated with increased risk for
SAD; specifically, individuals with the T/T genotype at P10L were 5.6 times more likely
to have SAD than were healthy controls (Roecklein et al., 2009). Given the low T/T
prevalence detected in this sample of SAD patients (N = 130, n = 7 or 5% of whom had
the T/T genotype), larger studies are needed to replicate results and clarify the role of
melanopsin deficiencies in SAD.

Clock genes. Genetic abnormalities in clock genes have been investigated as risk
factors for SAD. In a study comparing genotypes across SAD patients, controls, and
individuals high and low in seasonality; the Leu/Ser polymorphism in Npas2 was
associated with SAD, but not with high seasonality, but no other variants were associated
with SAD (Johannsson et al., 2003). However, Partonen et al. (2007) found single-
nucleotide polymorphisms in three clock genes (Per2, Arntl, and Npas2) central to
pacemaker functioning had additive effects on SAD, suggestive of a genetic risk profile.
Psychological Vulnerability to SAD

Cognitive models of SAD. Although Lewy, Sack, Singer and White (1987)
initially acknowledged that a circadian misalignment as proposed in the PSH may not be
sufficient for the development of SAD, psychiatric research has exclusively examined the
role of biology in SAD (e.g., biological rhythms, genes, neurotransmitters) to the
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exclusion of psychological factors. Indirect evidence that cognitive and behavioral
vulnerabilities are also involved in SAD comes from a randomized clinical trial of a
cognitive-behavioral therapy (CBT) tailored to SAD (CBT-SAD). (CBT-SAD). CBT-
SAD is comparably efficacious to light therapy in acute reduction of SAD severity from
baseline to post-treatment (Rohan, Roecklein, et al., 2007; Rohan et al., 2015), and is
superior to light therapy in SAD recurrences and symptom severity at followups the next
winter (Rohan, Roecklein, Lacy & Vacek, 2009) and two winters later (Rohan et al.,
accepted). A recent wave of research conducted by clinical psychologists has revealed
that cognitive factors involved in nonseasonal depression are also implicated in SAD.

According to cognitive theories of depression, vulnerable individuals hold
negative cognitive processes (i.e., maladaptive thought patterns) that serve as underlying
vulnerabilities (i.e., diathesis), that when activated in periods of stress, contribute to
adverse emotional responses (i.e., depression). These studies have applied several
cognitive theories of depression to test whether specific cognitive vulnerabilities
implicated in nonseasonal depression also apply to SAD. In SAD, the occasion setter
(i.e., the stress) is operationalized as the onset of the winter season.

Rumination. The response styles theory (Nolen-Hoeksema & Morrow, 1991) of
depression proposes that an individual’s response style (i.e., rumination or distraction) to
sad mood affects the duration and intensity of the ensuing depression symptoms.
Rumination is defined as the tendency to react to dysphoric mood by repetitively
focusing on negative mood, its causes, and consequences, whereas distraction involves
thoughts or behaviors aimed to disengage from mood. Degree of endorsement of
brooding rumination, a natural tendency to ruminate when distressed, has been shown to
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predict prolonged duration of depression symptoms in clinically depressed patients, as
well as the development of depressive disorders (as reviewed by Nolen-Hoeksema,
Wisco, & Lyubomirsky, 2008).

Rohan, Sigmon, and Dorhofer (2003) published a study in which women with a
history of SAD and never-depressed age-matched controls were prospectively assessed in
fall, winter, and summer on several cognitive factors. Controlling for initial depression
severity in fall, rumination, but not distraction, in the fall was found to be a strong,
significant predictor of winter depression severity. Similarly, Young and Azam (2003)
reported that ruminative responses, but not distraction behaviors, as assessed via daily
diaries over a period of two weeks in the fall predicted winter depression severity after
controlling for initial levels of depression in SAD patients.

Treynor, Gonzalez, and Nolen-Hoeksema (2003) distinguished between subtypes
of the ruminative response style: reflective pondering, defined as a purposeful reflection
upon one’s situation problem-solving, and brooding rumination, defined as “moody
pondering” involving a passive comparison of one’s situation with some unachieved
standard. Brooding rumination is the maladaptive form of rumination, uniquely
associated with current and predictive of future depression (Moberly & Watkins, 2008;
Siegle, Moore, & Thase, 2004; Treynor, Gonzalez, & Nolen-Hoeksema, 2003) and other
psychopathology (Watkins, 2009). Consistent with this distinction, Enggasser and
Young (2007) found that only the brooding ruminative response style predicted winter
depression severity in a sample of individuals with SAD symptoms. According to

Kraemer, Kazdin, Of