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Abstract: This article: (1) describes and reviews evidence for hypothesized biological and psychological mechanisms of 

winter seasonal affective disorder (SAD), (2) advocates for an integrative approach to studying SAD etiology that incor-

porates both biological and psychological mechanisms, and (3) delineates areas for future research from an integrative 

perspective. Exciting progress has been made within sub-paradigms testing candidate biological mechanisms (i.e., bio-

logical rhythm abnormalities, retinal subsensitivity to light, neurotransmitter alterations, and genetic variations) and psy-

chological mechanisms (i.e., maladaptive cognitions and behaviors) of SAD. However, research from an integrative bio-

logical/psychological perspective is currently lacking. In contrast to a continued exclusive focus on micro-models, we ar-

gue that an integrative approach would maximize the capacity to predict and understand the onset, maintenance, and 

course of SAD. An integrative approach also provides a comprehensive theoretical framework for developing strategies to 

effectively treat acute SAD, maintain acute treatment gains throughout the winter, and prevent future episodes of this 

highly recurrent form of depression. 
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1. INTRODUCTION 

 Winter seasonal affective disorder (SAD) is a subtype of 
recurrent depression that involves a regular temporal pattern 
of major depressive episode onset in the fall and/or winter 
months with full remission in the spring [1]. SAD prevalence 
increases with latitude in the U. S., ranging from 1.4% in 
Florida to 9.9% in Alaska [2, 3]. Averaging across latitude, 
SAD affects an estimated 5% of the U. S. population [4], or 
over 14.5 million Americans. Population surveys estimating 
SAD prevalence have consistently reported a gender differ-
ence, favoring females over males at least 2:1 [4]. Data on 
over 600 SAD patients treated at the National Institute of 
Mental Health Seasonal Studies Program suggest that an 
untreated fall/winter major depressive episode persists for an 
average of 4.9±1.4 months before spontaneous springtime 
remission [5]. Baseline characteristics on a sample of over a 
thousand SAD patients from a multi-site study included a 
mean age for onset of 27.2 years and, on average, 13.4 past 
fall/winter major depressive episodes [6]. Although this 
number of past episodes is likely an arbitrary function of 
when participants entered the study, it indicates that the 
course of untreated SAD is highly recurrent. In addition, 
SAD is associated with wintertime impairment in overall 
health, emotional well-being, daily activities, social activi-
ties, and pain [7]. Taken cumulatively, these data suggest 
that SAD patients spend over 40% of the year struggling 
with substantial depressive symptoms that adversely affect 
the family and workplace during most years, beginning in 
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young adulthood. Given its high prevalence, recurrent 
course, episode duration, and associated impairment, SAD is 
a significant mental health problem and an important public 
health challenge.  

 Since the original publication on SAD [1], several theo-
ries of SAD etiology have been proposed, and studies testing 
proposed mechanisms of SAD have accumulated. This re-
view aims to: (1) describe and review evidence for hypothe-
sized biological and psychological mechanisms of SAD, (2) 
propose an integrative approach to studying SAD etiology 
that incorporates both biological and psychological mecha-
nisms, and (3) delineate areas for future research from an 
integrative perspective. We have limited our review to stud-
ies of participants with clinically diagnosed SAD as the out-
come of interest as opposed to high seasonality (i.e., the ten-
dency to vary across the seasons in mood, energy, sleep, 
weight, appetite, and social activities; [3]) or subsyndromal 
SAD (S-SAD; [8]). We conclude that an integrative ap-
proach will yield the greatest theoretical and clinical contri-
butions.  

2. ENVIRONMENTAL STRESS 

 Before reviewing the proposed biological and psycho-
logical mechanisms of SAD, a brief discussion of the occa-
sion setter or stressor that theoretically causes these mecha-
nisms to manifest and annually trigger winter depression 
onset is in order. Across theories of SAD, the stress is pre-
sumed to be a seasonally-linked environmental stressor asso-
ciated with a change in the light/dark cycle and/or natural 
light availability (e.g., short photoperiods, later dawns, less 
available overall natural luminosity). The few studies that 
have empirically examined the relation of these stressors to 
SAD are reviewed below. This small body of research sug-
gests that photoperiod is the most salient environmental 
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stressor related to SAD onset and current SAD symptom 
severity.  

 Retrospective research [9] supports the conclusion that 
photoperiod relates to risk of SAD onset. Chicago residents 
with SAD (N = 77) in a current winter depressive episode 
retrospectively reported the timing of their SAD onset that 
year (i.e., week of first symptom onset). Different environ-
mental stressors were examined in relation to weekly risk for 
SAD onset. Photoperiod accounted for a significant propor-
tion (26%) of the total variance in weekly risk for SAD on-
set; however, daily hours of sunshine, mean daily tempera-
ture, and total daily radiation were not significantly related to 
weekly risk for SAD onset. This study supports the role of 
photoperiod as a stressor, but is limited its reliance on retro-
spective reports of onset as opposed to using a prospective 
design. 

 Prospective studies [10] support that photoperiod relates 
to depression severity over the course of a fall/winter season 
in SAD. Participants were 126 residents of Copenhagen, 
Denmark, with history of SAD who self-rated their current 
depression severity on the Beck Depression Inventory every 
2 weeks from September to May. Photoperiod as well as 
measures of luminosity (i.e., minutes of sunshine and global 
radiation) and temperature correlated significantly and nega-
tively with depression severity. Moreover, increased photop-
eriod and temperature 15 days prior were associated with 
less severe depressive symptoms. There were no significant 
correlations between depression scores and cloud cover, pre-
cipitation, barometric pressure, or wind speed. These data 
support an association between current depression severity 
and photoperiod, luminosity, and temperature over the 
course of SAD, but do not inform which environmental 
stressors relate to SAD onset. 

 Prospective studies measuring actual light exposure [11] 
further support an association between photoperiod and SAD 
symptom severity. In Maryland, 13 SAD patients and 13 
controls wore ambulatory light sensors that recorded illumi-
nation every 12 minutes for 1 week in the winter, and de-
pression severity was assessed at the end of the week using 
the Hamilton Rating Scale for Depression. Although the two 
groups had similar light exposure profiles over the week, 
photoperiod correlated significantly with depression scores 
among SAD patients. However, time at photoperiod onset in 
the morning, time at photoperiod offset in the evening, and 
indices of light exposure (i.e., total lux/hour, median 
lux/photoperiod, and peak lux/day) were not significantly 
related to depression severity in the SAD group. Consistent 
with Molin et al. [10], these data support the conclusion that 
photoperiod influences current depression severity in SAD. 
However, the timing of dawn and dusk and overall luminos-
ity were not related to winter depression severity.  

 Taken together, these three studies consistently support 
photoperiod as a salient environmental stressor related to 
SAD onset and severity. The mechanisms of SAD, discussed 
below, propose specific biological and psychological vulner-
ability factors that may lead to annual winter depression on-
set and maintenance in response to short photoperiod. 

3. BIOLOGICAL MECHANISMS OF SAD 

 Proposed biological mechanisms of SAD are reviewed 
below and include: biological rhythm abnormalities in the 

winter (i.e., a circadian phase delay or advance and expanded 
nocturnal melatonin release), retinal subsensitivity to light, 
neurotransmitter dysfunctions (i.e., serotonin), and genetic 
variations in genes related to the circadian clock, retinal pho-
topigments, and serotonin.  

3.1. Circadian Phase Shift 

 The phase shift hypothesis proposes that the timing of 
different daily (circadian) rhythms is out of phase in the fall 
and winter months, meaning that one rhythm is behind or 
ahead of another rhythm (e.g., sleep-wake) or the environ-
mental day (i.e., dawn/dusk), leading to SAD [12]. Most 
research testing this hypothesis has focused on nocturnal 
melatonin release from the pineal gland as the circadian 
rhythm of interest. Specifically, later dawns in the fall and 
winter months may contribute to a phase delay in the time of 
onset for melatonin release at night in some individuals with 
SAD, and earlier dusks may contribute to a phase advance in 
other individuals with SAD, reflecting heterogeneity in the 
direction of phase shift among SAD patients [13]. 

 A recent study of 68 SAD patients found that most (71%) 
began releasing melatonin later than and the remaining 29% 
began releasing melatonin earlier than the time when healthy 
controls began to release melatonin [13]. A comparison of 
phase in SAD patients vs. controls [14] found that 46% of 
SAD patients were neither phase delayed or advanced (i.e., 
they fell within 30 minutes of the mean phase exhibited by 
healthy controls). These and other studies including healthy 
controls [15] provide evidence that there may be subgroups 
of individuals with SAD, some with a circadian phase delay, 
some with a circadian phase advance, and some who do not 
significantly differ from healthy controls. However, it is not 
clear from these studies if individuals with SAD had delayed 
or advanced melatonin rhythms prior to developing SAD or 
as a consequence of having SAD, and prospective studies are 
needed to test whether a pre-existing phase irregularity pre-
disposes individuals to developing SAD.  

 Light therapy administered in the morning advances 
rhythms whereas light administered later in the day delays 
rhythms. Therefore, several light therapy clinical trials have 
attempted to indirectly test the phase shift hypothesis by 
comparing light therapy’s efficacy when administered at 
different times of day. In SAD, the logic is as follows: As-
suming that a circadian phase delay is most common in 
SAD, light therapy administered first thing in the morning 
upon waking would advance abnormally delayed rhythms, 
leading to an antidepressant response. In contrast, light ther-
apy administered in the evening would delay rhythms fur-
ther, leading to an inferior response to morning light if not an 
exacerbation of SAD symptoms among SAD patients with a 
pre-existing phase delay.  

 Terman et al.’s [16] quantitative review of light therapy’s 
efficacy concluded that light therapy administered in the 
early morning had a higher remission rate (53%) relative to 
light therapy in the evening (43% remission rate) or midday 
(32% remission rate), but morning light was comparable in 
efficacy to a dual morning-plus-evening administration 
schedule (52% remission rate). However, Lee et al.’s [17] 
meta-analysis of 40 light therapy trials found that the morn-
ing-plus-evening combination demonstrated greater effect 
sizes (d = 2.09) than morning alone (d = 1.74), evening alone 
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(d = 1.35), or mid-day (d = 1.27) light administration. Most 
head-to-head comparisons have found that morning admini-
stration of light is more effective than evening light for SAD, 
leading researchers to recommend that light therapy be 
scheduled immediately upon awakening [18-20]. However, 
some trials have shown that evening light is efficacious for 
SAD, and there is no evidence that light therapy in the eve-
ning makes SAD symptoms worse, suggesting (indirectly) 
that there may be subgroups of SAD cases with a phase de-
lay and others with a phase advance. 

 Other studies have indirectly tested the phase shift hy-
pothesis by examining a circadian phase shift as the mecha-
nism underlying light therapy’s antidepressant effects in 
SAD. Specifically, does light therapy reduce depression via 
correcting abnormally phase delayed or advanced circadian 
rhythms in SAD? In the first study to suggest that individuals 
with SAD may have a phase delay that could be corrected 
with morning light therapy, 6 women with SAD had a later 
dim light melatonin onset time when assessed in the winter 
before treatment with light therapy compared to 6 women 
without SAD [21]. After a trial of light therapy administered 
in the morning, the SAD group’s dim light melatonin onset 
time was advanced compared to the timing before light 
treatment. Therefore, the abnormal phase delay in women 
with SAD was corrected by light therapy. In a study of SAD 
patients who responded to a trial of light therapy, 75% fell 
within 30 minutes of healthy controls’ mean phase at post-
treatment [14], suggesting that obtaining a normal range 
phase may be a mechanism of light therapy’s antidepressant 
effects in some, but not all, SAD patients.  

 To further explore the possible phase-correcting effects 
of light therapy, researchers next tested whether or not the 
extent of antidepressant response was related to the extent of 
phase correction with light therapy. Terman et al. [22] inves-
tigated the antidepressant effects and phase shift responses to 
morning vs. evening light in a crossover design with 42 indi-
viduals with SAD. Although total improvement in depres-
sion scores did not differ between morning versus evening 
light administration, the magnitude of phase advance was 
associated with the degree of antidepressant response in only 
the morning light therapy condition [22]. Another study also 
found that the degree of clinical improvement in SAD symp-
toms over a trial of morning light therapy correlated with the 
magnitude of phase advance [15]. Although these studies are 
promising, it is not known whether light therapy causes its 
antidepressant effects through the circadian clock directly or 
if some other mechanism is at play (e.g., the behavioral acti-
vation necessary to comply with light therapy leads to a 
phase advance that alleviates depression in SAD or the be-
havioral activation directly alleviates depression in its own 
right). 

 Given the above evidence, it appears that a subset of in-
dividuals with SAD have a phase delay, a smaller proportion 
has a phase advance, and up to 54% have phases similar to 
controls. Among SAD patients treated with morning light 
therapy, the degree of clinical improvement in SAD symp-
toms correlates with the magnitude of phase advance. How-
ever, it is not known whether or not individuals who have a 
phase advance or delay will go on to develop SAD in the 
future and whether morning light phase-advances individuals 
through the central clock or some other mechanism. 

3.2. Long Duration Nocturnal Melatonin Release (A Cir-

cadian Signal of Change in Season) 

 The most predictable environmental parameter associated 
with the change of season is photoperiod, the length of time 
from dawn to dusk, because it is completely determined by 
calendar date and latitude [23]. In photoperiodic mammals, 
changes in photoperiod signal the pineal gland to lengthen 
the duration of melatonin release at night as photoperiod 
shortens and to shorten it as photoperiod lengthens, which, in 
turn, produces seasonal changes in their reproductive drive, 
activity level, sleep, feeding, weight, and metabolism [24]. 
The photoperiodic hypothesis proposes that individuals with 
SAD are similar to photoperiodic mammals in that they have 
retained this primitive biological mechanism for tracking 
changes in photoperiod, a circadian signal of change in sea-
son, that individuals without SAD do not have [25]. 

 Wehr et al. [25] conducted a study providing some sup-
port for the photoperiodic hypothesis. Men with SAD evi-
denced a longer duration (about 38 minutes) of active noc-
turnal melatonin release in winter than in summer, whereas 
women with SAD and healthy controls did not did not show 
winter-summer differences in nocturnal melatonin release 
[25]. Therefore, similar to the phase shift hypothesis, this 
biological correlate of SAD does not appear to apply to all 
SAD cases, but only to some individuals with SAD, perhaps 
only men. It is also noteworthy that Wehr et al. [25] did not 
find any differences between SAD patients and controls on 
dim light melatonin onset or offset time in either season, 
which does not support the phase shift hypothesis. 

3.3. Retinal Subsensitivity to Light 

 The retinal subsensitivity hypothesis proposes that the 
retina, as a whole, is less sensitive to environmental light 
cues in SAD due to abnormalities in rods, cones, or other 
photoreceptors (i.e., light sensitive cells in the retina) such 
that low winter light levels lead to sub-threshold levels of 
light input to the brain [26]. Normally, under low light con-
ditions, the retina increases its sensitivity to light in order to 
maintain proper functioning. The retinal subsensitivity hy-
pothesis proposes that this up-regulation of sensitivity may 
not occur in individuals with SAD [26]. Specifically, SAD 
patients may have a decreased sensitivity to the amount of 
light they receive year-round. If so, then available photons 
for retinal absorption in winter may fall below the threshold 
for normal functioning. 

 Some clinical research supports diminished retinal sensi-
tivity in SAD. Electrooculographic (EOG) ratios, an objec-
tive measure of the electrical response of the entire retina to 
light, tend to be lower in SAD cases than in controls, al-
though there is significant overlap between the groups in 
EOG ratios [27]. In another study, healthy individuals dis-
played higher EOG ratios in winter than in summer, whereas 
individuals with SAD did not demonstrate this seasonal 
variation in retinal response [28]. A third study found no 
difference between individuals with SAD and controls in 
retinal contrast sensitivity (sensitivity to contrasting light and 
dark stimuli) or in visual evoked electroencephalograph 
(EEG) responses [29]. In contrast, other researchers found 
that individuals with SAD exhibited heightened sensitivity of 
the retina (i.e., ability to detect a brief visual stimulus after 
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allowing the eyes to adapt to darkness and brightness) in the 
winter compared to healthy controls [30]. Inconsistent results 
in research on retinal subsensitivity may reflect different 
types of retinal responses measured (e.g., EOG vs. visual 
evoked EEG vs. self-report of detection of visual stimuli by 
participants).  

 Further indirect evidence for retinal subsensitivity in 
SAD comes from naturalistic studies comparing light expo-
sure profiles using ambulatory monitors with light sensors in 
SAD vs. non-SAD individuals across the seasons. Women 
with SAD spent more time outdoors in the summer, but not 
in the winter, than non-SAD controls [31]. This finding im-
plies that individuals with SAD may have an increased need 
for light, possibly due to diminished sensitivity of the retina, 
and they may increase their light input in the summer by 
going outside, but may be unable to do this in the winter 
because of winter weather, low temperatures, later dawns, 
and earlier dusks, leading to SAD. Later, we review genetic 
variations that may be functionally related to retinal subsen-
sitivity in SAD. 

3.4. Neurotransmitter Alterations 

 The neurotransmitters serotonin (5-HT) and norepineph-
rine (NE) have been implicated in nonseasonal depression as 
mediators of negative mood in response to stress and are, 
therefore, of general interest in SAD as well. However, 5-HT 
is specifically implicated in SAD for a few reasons. First, 
brain serotonin levels are lowest in the winter and highest in 
the summer in humans [32, 33]. Second, individuals with 
SAD treated to remission with light therapy experience re-
lapse when levels of 5-HT and/or NE are experimentally 
reduced in neuroendocrine challenge studies [34, 35], sug-
gesting that light therapy may work through the monoamine 
signaling pathways. Third, pharmacological agents that af-
fect brain serotonin function have been relatively successful 
in treating acute SAD [36]. These data support a role for 
serotonin dysfunction in the etiology of SAD.  

 Serotonin may interact with or mediate the effects of 
light therapy in SAD. 5-HT signals light input from the ret-
ina to the central clock, and 5-HT may mediate sleep distur-
bances in SAD due to a dysregulated circadian clock through 
intracellular signaling [37]. In addition, 5-HT can inhibit the 
effects of light on the circadian clock through pathways in-
dependent of light input pathways, which may interact with 
the effects of light input in SAD [38]. Because of these pos-
sible interactions between serotonin and light, teasing out the 
effects of light and serotonin has been difficult. Below, we 
review recent work on serotonin gene variations in SAD and 
on the role of dopamine genes in regulating appetite in SAD. 

3.5. Genetic Variations 

3.5.1. Circadian Clock Gene Variations 

 The studies testing a circadian phase shift and lengthened 
nocturnal melatonin release presented above suggest the pos-
sible involvement of circadian clock genes in SAD. Genes 
for the molecular basis of the circadian clock (e.g., CLOCK, 
Period2, Period3, and NPAS2, Timeless and Casein kinase 
1-epsilon) are genes that encode proteins that regulate cir-
cadian rhythms in the central circadian clock, the Suprachi-
asmatic Nucleus (SCN). Clock genes were recently studied 

in four groups of European individuals: SAD (n = 159), 
matched controls (n = 159), and high seasonality (n = 127) 
and low seasonality (n = 98) community samples from 
northern Sweden [39]. The 471 Leu/Ser polymorphism in 
NPAS2 was associated with SAD diagnosis but not with 
high seasonality, and none of the other candidate genetic 
variants in clock genes were associated with either SAD or 
seasonality [39]. Individuals with SAD were more likely to 
have the Leu/Leu homozygous genotype (6%) than controls 
(1%). Although this was a positive finding, the small propor-
tion of individuals with SAD who had the Leu/Leu genotype 
suggests that the NPAS2 polymorphism accounts for only a 
small percentage of variance in SAD diagnosis. In a fol-
lowup study, Per2, Arntl, and NPAS2 variations were asso-
ciated with SAD, and interestingly, carriers of a “gene risk 
profile,” consisting of a specific pattern of variation, were 
4.4 times more likely to have SAD than those without this 
profile and 10.7 times more likely to have SAD than those 
with a “protective gene profile” [40]. Given that SAD diag-
nosis is likely to be polyfactorial and polygenetic, it would 
be helpful to determine if any combination of clock gene 
variants is associated with specific phase relationships or 
other circadian phenotypes, as opposed to testing broad as-
sociations with SAD diagnosis.  

3.5.2. Retinal Photopigment Gene Variations (Melanopsin) 

 Related to retinal subsensitivity hypothesis, described 
above, variations in the genes that encode retinal photopig-
ments (i.e., light sensitive molecules) and other molecules in 
photoreceptors may underlie diminished light sensitivity in 
SAD. Melanopsin is such a photopigment and is found in 
retinal cells projecting to the central circadian clock [41]. In 
a preliminary analysis of variations in the gene for melanop-
sin in SAD patients and controls, the SAD group had a 
higher proportion of the risk genotype (T/T) at the P10L lo-
cus (5%) compared to controls with no personal or family 
history of psychopathology (0%)[42]. If individuals with the 
risk genotype in melanopsin also have differential retinal 
responses to light such as weakened phase shifts, pupillary 
constriction, or acute melatonin suppression, which was not 
tested in this study, and if this finding is replicated in other 
studies, melanopsin may be one genetic factor contributing 
to diminished sensitivity to light in SAD. Other molecular 
components of the nonvisual light input pathway are simi-
larly regarded as candidate genes for diminished light sensi-
tivity in SAD, but have not yet been studied. 

3.5.3. Serotonin Gene Variations 

 A 2005 review of the genetics of nonseasonal depression 
found that all consistent associations between gene variants 
and depression involve the short allele of the serotonin 
transporter, 5-HTTLPR [43]. Tests of association between 
depression and other genes, including serotonin-related 
genes, have not been replicated consistently [43]. 5-
HTTLPR has been associated with Major Depressive Disor-
der (MDD) diagnosis, suicidal behavior, bipolar disorder, 
and depression-related personality traits such as neuroticism 
as measured by the NEO Personality Inventory [43]. Caspi et 
al. [44] found that 5-HTTLPR genotype did not predict de-
pression scores or diagnosis per se, but did predict a relation-
ship between negative life events and subsequent depression, 
suggesting that 5-HTTLPR may be involved in reactivity to 



Seasonal Affective Disorder Current Psychiatry Reviews, 2009, Vol. 5, No. 1      41 

stress as opposed to depression diagnosis. 5-HTTLPR is es-
timated to account for a very small but significant proportion 
of the variance in depression diagnosis [43].  

 Based on positive findings in MDD with the short allele 
of 5-HTTLPR, serotonin-related genes have also been inves-
tigated in SAD. 5-HTTLPR has been associated with both 
SAD and seasonality scores [45]. In a sample of 97 SAD and 
71 control individuals, those with SAD (45%) were more 
likely to have the short (‘S’) as opposed to the long (‘L’) 
allele of 5-HTTLPR than controls (32%). The S allele ac-
counted for 7.4% of the variance in SAD diagnosis in this 
sample [45]. Another study with a European Caucasian 
(Swedish, Finnish, and German origin) sample of 82 SAD 
cases and 82 controls found no association between 5-
HTTLPR and SAD diagnosis [46]. In a replication of that 
study, 147 SAD cases and 115 controls of Canadian, Swed-
ish, Austrian, and Finnish ancestry were studied and, again, 
no association between SAD and 5-HTTLPR was found 
[47]. The same research group did find an effect of the S 
allele of 5-HTTLPR on degree of seasonality in a popula-
tion-based (non-clinical) sample from northern Sweden se-
lected for high and low seasonality [47]. An interaction be-
tween 5-HTTLPR genotype and negative life events, such as 
the one found by Caspi et al. [44] in MDD, has not yet been 
tested in SAD. It is possible that the only positive association 
found to date between 5-HTTLPR and SAD diagnosis in the 
American sample [45] is a false-positive result or a result 
that only holds for American Caucasian populations. New 
data suggest that an important polymorphism within the 5-
HTTLPR region should be measured in all studies on 5-
HTTLPR [48], such that 5-HTTLPR genotype could be ex-
pressed as Lg, La, or S with ‘a’ and ‘g’ referring to the two al-
leles of the polymorphism within the LPR region of 5-HTT.  

 Because the biological phenotype associated with the 5-
HTTLPR alleles remains unknown, only broad associations 
with SAD diagnosis are currently possible. This phenotype 
may be made more specific through identifying biomarkers 
of serotonin transporter function. To this end, researchers 
have used turnover rate to estimate how effective the 5-HT 
transporter (5-HTT) is in its main function of transporting 
serotonin from the synapse back into the pre-synaptic cell 
(reuptake). Willeit et al. [49] tested 5-HTT turnover rate in 
73 drug-free individuals with SAD and 70 controls. Indi-
viduals with SAD had more efficient turnover in winter 
compared to controls, and compared to themselves after 
treatment with light therapy and in summer [49]. 5-HTTLPR 
genotype did not predict turnover rate; however, this study 
only differentiated S from L alleles, and did not differentiate 
Lg and La. 

 In a study of 67 SAD patients and 69 controls, Enoch et 
al. [50] identified and associated a polymorphism in the 5-
HT receptor 2A (5-HT2A; -1438G/A) with SAD, but not with 
seasonality as measured by the global seasonality score 
(GSS) of the Seasonal Pattern Assessment Questionnaire 
(SPAQ; [51]). Individuals with SAD were more likely to 
have the -1438A variant (47%) than controls with no history 
of depression and minimal seasonality (36%). The -1482G/A 
polymorphism in 5-HT2A and the 5-HTTLPR S allele were 
not associated with seasonality (GSS) in this sample, and the 
authors suggested that -1438A variant in 5-HT2A may be 
associated with SAD diagnosis, but not with seasonality 

[50]. In a study of 159 patients with MDD (41 of whom had 
MDD with a seasonal pattern; i.e., SAD) and 164 unrelated, 
healthy controls in Barcelona, Spain, the 102-T/C polymor-
phism in 5-HT2A was more common in individuals with 
MDD with a seasonal pattern (i.e., SAD) than in those with 
non-seasonal MDD.  

 The consistent associations between 5-HTTLPR and 

nonseasonal depression have not generalized to SAD, which 

may be due to methodological problems (i.e., not differenti-

ating La and Lg) or may indicate different genetic explana-

tions for the heritabity of SAD vs. non-SAD depression. As-

sociations between SAD and two different polymorphisms in 

the 2A serotonin receptor (5-HT2A) are conflicting and de-

serve further replication. Efforts to link 5-HTT genotype, 

biomarkers of serotonin function, and SAD have not yielded 
positive findings to date, but warrant future research. 

3.5.4. Dopamine Gene Variations 

 The majority of individuals with SAD (97%) report sea-

sonal changes in eating, activity, and weight gain, suggesting 

possible involvement of dopamine signaling pathways in 

SAD [1]. The neurotransmitter dopamine is associated with 

eating behavior, activity levels, and weight gain [52]. Studies 

have found that the seven repeat allele of the Dopamine-4 

Receptor gene (DRD4) is associated with body mass index 

(BMI), binge eating, obesity, and Attention Deficit Hyperac-

tivity Disorder or Attention Deficit Disorder (ADHD and 

ADD) in childhood among a group of adult women with 

SAD [52-54]. The DRD4 variation was not associated with 

SAD diagnosis or seasonality in the sample; therefore, 

DRD4 is unlikely to explain SAD onset or seasonal varia-

tion. Rather, as Levitan explains, this dopamine gene varia-

tion may play the role of a “thrifty gene,” by which certain 

genes in humans have evolved to maximize metabolic effi-

ciency, lipid storage, and food searching behavior to protect 

individuals from malnutrition when food is scarce. In times 

of abundance, these genes would predispose their carriers to 

diseases caused by excess nutritional intake such as obesity. 

As of yet, a plausible physiological mechanism for DRD4 

variations and eating behavior in SAD has not been con-

firmed in humans, and it is unknown if DRD4 variations 

experimentally induced in animal models lead to changes in 

eating behavior or weight gain analogous to those seen in 
humans. 

4. PSYCHOLOGICAL MECHANISMS 

 As elaborated in the preceding section, most etiological 

theories conceptualize the underlying diathesis for SAD as a 

biological vulnerability. However, research indicates that 

psychological factors also play a role in SAD. The majority 

of studies exploring a psychological contribution to SAD 

have examined whether key constructs from cognitive and 

behavioral theories of nonseasonal depression apply to SAD. 

Although the onset and/or maintenance significance of these 

maladaptive cognitions and behaviors in SAD is not known, 

they are, at the very least, correlates of SAD. These cogni-

tions and behaviors are reviewed below as candidate psycho-

logical mechanisms that may have a direct role in SAD eti-

ology and/or may interact with biological vulnerability fac-

tors in SAD onset and maintenance.  
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4.1. Cognitive Mechanisms 

 Cognitive theories propose that depression is trigged by 
the interaction of a cognitive vulnerability to depression and 
a stressor. There are a variety of cognitive models of depres-
sion, including Beck’s cognitive model [55, 56], response 
styles theory [57], and hopelessness theory [58]. These mod-
els propose different cognitive vulnerabilities to depression, 
consisting of dysfunctional attitudes (i.e., learned maladap-
tive attitudes or assumptions that stem from the negative 
cognitive triad), rumination (i.e., repetitively focusing atten-
tion on dysphoric mood and its causes and consequences), 
and a negative attributional style (i.e., inferring that negative 
events have global and stable causes), respectively. 

 In cross-sectional studies, currently depressed SAD pa-
tients endorsed higher levels of dysfunctional attitudes than 
nondepressed controls [59, 60] and similar levels of dysfunc-
tional attitudes [60] and negative attributional style [61] as 
compared to currently depressed nonseasonal major depres-
sion patients. These findings suggest that dysfunctional atti-
tudes and negative attributional style correlate with a SAD 
episode and are present in SAD and in nonseasonal depres-
sion at comparable levels. In prospective, longitudinal stud-
ies of SAD patients, rumination frequency in the fall before 
SAD episode onset predicted subsequent depression severity 
in the winter, after controlling for fall depression severity 
[62, 63]. Kraemer et al. [64] defined a “risk factor” as a vari-
able that precedes and prospectively predicts either onset of a 
disorder or growth in symptoms over time. These studies 
suggest that rumination may constitute a cognitive risk factor 
for SAD, given that it prospectively predicted growth in 
SAD symptoms from fall to winter. To date, no study has 
examined dysfunctional attitudes or attributional style prior 
to SAD episode onset in relation to subsequent SAD symp-
toms; however, such designs would be helpful in determin-
ing whether these variables may also represent cognitive risk 
factors for SAD. 

4.2. Behavioral Mechanisms 

 Lewinsohn’s behavioral model [65, 66] proposes behav-
ioral disengagement (i.e., a low frequency of response-
contingent positive reinforcement or pleasant events) as a 
vulnerability to depression. According to this model, the 
DSM-IV-TR symptom of loss of interest or pleasure in ac-
tivities under the diagnostic criteria for a major depressive 
episode results from behavioral disengagement. However, 
this model does not simply view behavioral disengagement 
as a symptom or correlate of depression, but rather as a 
mechanism that contributes to either initial depression onset 
or maintenance through a negative down- spiraling whereby 
behavioral disengagement perpetuates other depressive be-
haviors and symptoms.  

 The application of this model to SAD is limited to one 
prospective, longitudinal comparison of women with SAD 
and never-depressed control women across the fall, winter, 
and summer seasons [62]. Behavioral disengagement was 
measured by pleasant event frequency and enjoyment ratings 
on the Pleasant Events Schedule in each season [67]. 
Whereas never-depressed controls did not differ in pleasant 
event frequency or enjoyment across the seasons, the SAD 
group reported a lower frequency of pleasant events in the 

winter than never-depressed controls, a lower frequency of 
pleasant events in winter than in summer or fall and in fall 
than in summer, and less perceived enjoyment in pleasant 
events in winter and fall than in summer [62]. This pattern 
suggests that behavioral disengagement in SAD correlates 
with the symptomatic seasons of winter and fall, but does not 
indicate whether or not behavioral disengagement is mecha-
nistic in SAD onset or maintenance.  

 Emotional and psychophysiological reactivity to light- 
and season-relevant visual stimuli may also be considered as 
a candidate behavioral mechanism in SAD, given that these 
reactions are hypothesized to have been learned via classical 
and/or operant conditioning. Also from the Rohan et al. [62] 
study described above, women with SAD, but not never-
depressed controls, differed in their emotional reactions to 
photographs of outdoor scenes depicting a sunny sky, an 
overcast sky, and scenes where the sky was not included. 
Specifically, across the fall, winter, and summer seasons of 
assessment, women with SAD reported a greater exacerba-
tion of baseline depressed mood after exposure to photo-
graphs of outdoor scenes with an overcast sky as compared 
to scenes depicting a sunny sky and to outdoor scenes that 
did not include the sky and reported an improvement in base-
line depressed mood after exposure to scenes with a sunny 
sky relative to never-depressed controls [62].  

 Sigmon et al. [68] examined reactivity to season-relevant 
stimuli by comparing the emotional and psychophysiological 
responses of currently depressed SAD patients, currently 
depressed nonseasonal depression patients, and never-
depressed controls to a video depicting winter scenes. SAD 
patients demonstrated psychophysiological reactions indicat-
ing increased autonomic arousal (i.e., more frequent signifi-
cant skin conductance responses and greater skin conduc-
tance response magnitude) during the video presentation as 
compared to currently depressed nonseasonal depression 
patients and never-depressed controls. Both the SAD and 
nonseasonal depression groups reported a greater exacerba-
tion of depressed mood following the video as compared to 
never-depressed controls [68].  

 To test whether the light intensity or the season depicted 
in a stimulus is more related to psychophysiological and 
emotional reactivity in SAD, Tierney Lindsey et al. [69] 
exposed participants to the same series of outdoor photo-
graphs captured under two light intensity (sunny or overcast 
sky) and three seasonal (summer with green leaves, fall with 
autumn foliage, and winter with bare trees) conditions. 
Never-depressed controls’ facial expressions and moods did 
not differ by stimulus light intensity or seasonal content. 
However, currently depressed individuals with SAD demon-
strated greater surface facial EMG responses in the corruga-
tor muscle (i.e., brow-pursing) during and immediately after 
presentation of the overcast scenes as compared to the sunny 
scenes, reported greater exacerbation of baseline depressed 
mood after viewing overcast than sunny scenes and after 
viewing winter than summer or fall scenes, and reported a 
greater exacerbation of depressed mood subsequent to over-
cast stimuli and a greater improvement in mood subsequent 
to sunny stimuli as compared to controls. Therefore, the light 
intensity depicted in the stimulus scene was a more salient 
cue than the featured season in determining facial expression 
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of emotion in SAD; however, both light and season cues 
affected self-reported mood state in SAD. 

5. SUMMARY OF THE STATUS OF BIOLOGICAL 

AND PSYCHOLOGICAL MECHANISMS 

 The studies reviewed above highlight several candidate 
biological and psychological etiological mechanisms for 
SAD. Proposed biological mechanisms include a regular 
fall/winter pattern of a circadian phase shift, an expanded 
duration of nocturnal melatonin release, and serotonin dys-
functions as well as stable, year-round vulnerability factors 
that only lead to depression under conditions of short pho-
toperiod in the fall/winter such as retinal subsensitivity to 
light and variations in genes related to the circadian clock, 
retinal photopigments, and serotonin. Of these, genotype is 
the only known “fixed factor” that is present from birth and 
does not vary within an individual over time. Therefore, a 
candidate genetic vulnerability does not bear the burden of 
establishing temporal precedence to SAD onset and can be 
studied in retrospective or cross-sectional study designs to 
establish its status as a risk factor. The downside of fixed 
risk factors is that, because they cannot be manipulated, they 
cannot be deemed as causal risk factors [64]. The proposed 
biological mechanisms of circadian phase shift, expanded 
melatonin release, and retinal subsensitivity have only been 
examined in cross-sectional designs to date, specifically in 
comparisons of SAD patients vs. controls in the winter or in 
both winter and summer.  

 Serotonin dysfunction is implicated in the etiology of 
SAD. Serotonin gene variant and expression levels have 
been explored in case-control studies, but gene variants such 
as 5-HTTLPR have not been related to serotonin dysfunction 
or to specific behavioral markers related to SAD. Further 
evidence in support of a role for serotonin in SAD would 
include testing for associations between genotype, neuro-
transmitter dysfunction, and subsequent development of the 
disorder. 

 Prospective, longitudinal studies are needed to measure 
these candidate biological mechanisms (1) in initially SAD-
free individuals and use them to predict whether or not SAD 
develops over time and (2) in individuals with diagnosed 
SAD when asymptomatic or when initial symptoms are just 
beginning, but well before full-blown SAD episode onset, to 
predict growth in SAD symptoms over time. In other words, 
temporal precedence to initial SAD onset or to existing SAD 
symptom exacerbation has not yet been tested for circadian 
phase shifts, expanded nocturnal melatonin release, serotonin 
dysfunctions, or retinal subsensitivity. Pending such prospec-
tive studies, these proposed mechanisms are most accurately 
considered as correlates of SAD at present.  

 Compared to the literature on proposed biological 
mechanisms of SAD, work on proposed psychological 
mechanisms represents a much newer and smaller area of 
research. Candidate psychological mechanisms based on 
application of cognitive and behavioral theories of depres-
sion to SAD include cognitive vulnerability to depression 
constructs (i.e., dysfunctional attitudes, rumination, and 
negative attributional style) and behavioral disengagement. 
Other SAD-specific candidate psychological mechanisms 
include emotional and psychophysiological reactivity to 
light- and season-relevant visual environmental stimuli. 

Similar to the status of proposed biological mechanisms of 
SAD, most studies to date have only explored whether these 
constructs correlate with SAD in cross-sectional studies of 
SAD patients vs. controls in the winter or across the seasons. 
In general, the same types of prospective, longitudinal stud-
ies described above to test biological mechanisms are needed 
to test psychological mechanisms. One notable exception is 
rumination. Two studies from different research groups 
found that rumination frequency, measured in the fall prior 
to SAD episode onset, prospectively predicted growth in 
depressive symptoms from fall to the subsequent winter [62, 
63], suggesting that rumination may constitute a cognitive 
risk factor for SAD. 

 The cognitive vulnerability constructs lend themselves to 
prospective, longitudinal studies of SAD patients that predict 
growth in symptoms over time. Rumination and negative 
attributional style have been conceptualized as trait-like con-
structs and could, therefore, be measured when asympto-
matic and used to predict subsequent SAD symptoms (as has 
been done for rumination). Psychopathology researchers 
who focus on Beck’s model are split as to whether they view 
dysfunctional attitudes as trait-like or whether they concep-
tualize dysfunctional attitudes as lying dormant until acti-
vated by a stressful life event and the initial dysphoric mood 
that ensues (i.e., mood-state dependent) [70]. Nevertheless, 
the predictable nature of SAD onset and remission lends 
itself to tests of these competing hypotheses in prospective, 
longitudinal studies. For example, dysfunctional attitudes 
could be measured (both naturally-occurring and across a sad 
mood induction to “prime” them) during spring/summer re-
mission and used to predict symptoms during the subsequent 
winter. Rumination can be directly experimentally manipu-
lated as in laboratory studies that randomly assign euthymic 
participants to a rumination or distraction task following a 
sad mood induction) [71]. Random assignment to a directed 
rumination vs. a distraction task would allow for a test of 
whether rumination temporarily increases depressive symp-
toms in symptomatic SAD patients as compared to distrac-
tion. 

6. AN INTEGRATIVE BIOLOGICAL/PSYCHOLOGI-

CAL APPROACH 

 It is our impression that scientists studying biological and 
psychological mechanisms in SAD typically work in distinct 
and separate circles with very different training experiences, 
professional degrees, theoretical orientations, and profes-
sional affiliations. We hope that this review makes it clear 
that there is exciting progress being made on both the bio-
logical and psychological fronts towards a better understand-
ing of SAD. What is missing to date, in our opinion, is an 
integrated biological/psychological approach. Successful 
work from an integrative perspective will involve inter-
disciplinary collaborations to combine expertise from both 
biological and psychological perspectives. 

 As a broad framework for guiding research from an inte-
grative approach, Rohan [72] proposed the integrative, cog-
nitive-behavioral model of SAD, which integrates the bio-
logical and psychological (i.e., cognitive and behavioral) 
factors described above to explain SAD onset, maintenance, 
and remission (See Fig. 1). The model is an expansion and 
revision of Young’s dual vulnerability hypothesis, which 
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was the first integrative model postulated for SAD in that it 
incorporated separate and necessary physiological and psy-
chological vulnerability factors [73, 74]. Rohan’s model 
proposes that SAD involves two underlying vulnerabilities: 
(1) a genetically-mediated physiological vulnerability in-
volving circadian rhythm dysregulation, expanded nocturnal 
melatonin release, retinal subsensitivity to light, and/or neu-
rotransmitter dysfunctions and (2) a psychological vulner-
ability involving dysfunctional attitudes, rumination, nega-
tive attributional style, behavioral disengagement, and/or 
emotional and psychophysiological reactivity to light- and 
season-relevant stimuli. According to Rohan’s model, SAD 
onset occurs when environmental changes (e.g., decreasing 
photoperiod, cues signaling the fall/winter season such as 
fall foliage) activate a reverberating cycle between the psy-
chological and physiological vulnerabilities or when condi-
tioned negative anticipation of winter activates the psycho-
logical vulnerability, which, in turn, activates the physiologi-
cal vulnerability. Once triggered and if left untreated, a SAD 
episode persists until the environment sufficiently changes to 
deactivate the vulnerabilities (e.g., increasing photoperiod, 
cues signaling the arrival of spring) or when conditioned 
positive expectations for spring deactivate the psychological 
vulnerability, which, in turn, deactivates the physiological 
vulnerability. Therefore, both vulnerabilities have onset and 
maintenance etiological significance in the model. 

7. AREAS FOR FUTURE RESEARCH 

 Given the status of research to date on the candidate bio-
logical and psychological mechanisms described above, it 
appears highly unlikely that any one mechanism will explain 
all cases of SAD. Instead, the often conflicting results (as in 
tests of a circadian phase shift) and the small proportion of 
the variance in SAD accounted for (as in tests of genetic 
variations) suggest that there are multiple pathways to devel-
oping SAD that differ between individuals. Although contin-
ued research within each micro-model of SAD can add to 
our current understanding, we believe that the most exciting 
future SAD research will be conducted within an integrative 

biological/psychological paradigm. An integrative approach 
stands to make the largest theoretical and clinical contribu-
tions in that it maximizes the capacity to predict and under-
stand the onset, maintenance, and course of SAD and pro-
vides a comprehensive theoretical framework for developing 
strategies to effectively treat acute SAD, maintain acute 
treatment gains throughout the winter, and prevent future 
episodes of this highly recurrent form of depression.  

 First and foremost, studies from an integrative perspec-
tive should use the types of prospective, longitudinal study 
designs described (i.e., following initially SAD-free indi-
viduals and asymptomatic diagnosed SAD cases over time to 
predict SAD diagnosis and growth in symptoms, respec-
tively). These designs have not been applied to adequately 
test any sub-paradigm to date. Comprehensive longitudinal 
studies that incorporate measures of candidate biological and 
psychological vulnerability factors, their interactions, and 
possible additive or synergistic effects stand to make a 
meaningful contribution to understanding SAD etiology. 
Developmental psychopathology studies following adoles-
cents into adulthood will likely prove most informative for 
understanding SAD risk, given that the mean age of onset is 
between 20 and 30 years. 

 Regarding treatment, light therapy and antidepressant 
medications are regarded as established acute SAD treat-
ments that presumably target biological mechanisms [75]. To 
target the psychological mechanisms, preliminary studies 
suggest that a version of cognitive-behavioral therapy 
(CBT), modified for SAD, is comparable in efficacy to light 
therapy as an acute SAD treatment [76, 77], and is associated 
with a lower proportion of SAD recurrences in the next win-
ter relative to initial treatment with light therapy [78]. There-
fore, effective SAD treatment options are available. How-
ever, no one treatment effectively treats all SAD cases in the 
initial winter or fortifies all individuals with SAD against 
recurrence over subsequent winters. Given the recurrent na-
ture of SAD, keeping patients well over time is arguably the 
most important public health outcome for SAD. Research 
drawing from an integrative biological/psychological 

 

 

 

 

 

 

 

Fig. (1). Integrative, cognitive-behavioral model of seasonal affective disorder. Based on Rohan (2008).  
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framework could inform the development of novel treatment 
approaches towards that goal.   

 Other topics of SAD research that would benefit from an 
integrative perspective include the gender difference and 
long-term course. The magnitude of the gender difference 
varies across studies, but appears to be at least as high as the 
widely documented 2:1 gender difference, favoring females, 
in nonseasonal depression prevalence [4]. In a sample of 
Maryland 9- to 19-year-olds, Swedo et al. [79] found that 
female post-pubescent children and adolescents (4.5%) had a 
higher prevalence of SAD in comparison to pre-pubescent 
females (1.7%) whereas SAD prevalence did not differ by 
puberty status for males, providing preliminary evidence that 
the gender difference in SAD may emerge after puberty. To 
our knowledge, no theory has been advanced to explain the 
gender difference in SAD prevalence. This topic appears to 
be fertile ground for an integrative biological/psychological 
approach, particularly for developmental psychopathology 
studies. 
 Regarding the topic of course, the long-term course of 
depression in SAD is heterogeneous. In a review of four lon-
gitudinal followup studies of SAD patients, Lam et al. [80] 
concluded that 28-44% later developed a nonseasonal pattern 
of depression recurrence or incomplete summer remission, 
14-38% went from having SAD to subsyndromal SAD (S-
SAD) or into remission, and 22-42% continued to have 
“pure” SAD (i.e., winter depressive episodes and complete 
summer remission). The candidate biological or psychologi-
cal mechanisms described above consist of a stable diathesis 
for SAD that should lead to annual winter depression recur-
rence and, therefore, cannot explain this migration across 
diagnostic categories over time unless treatment in the in-
terim successfully changed malleable risk factors identified 
in the models. Prospective, longitudinal studies that follow 
diagnosed SAD cases across the seasons for several years to 
examine the relationship between long-term course and 
measures of candidate biological and psychological mecha-
nisms are needed. For the substantial proportion of patients 
who transition to nonseasonal depression or to SAD with 
incomplete summer remission, it is possible that the psycho-
logical vulnerability factors become stronger and more 
autonomous over time such that they can be triggered by 
negative life events and lead to depression at any time of 
year rather than being triggered solely by season-specific, 
environmental stressors such as short photoperiod and lead-
ing to fall/winter depression that remits in the spring. Num-
ber of past episodes should be considered in such studies. 
Because it would be unethical to proscribe treatment in such 
long-term followups, it will be important for research to take 
intervening variables such as ongoing or new treatments and 
relocation into account as these variables may account for 
the proportion of patients that transitions to a healthier status 
(i.e., full recovery or S-SAD).  

8. CONCLUSIONS 

 In contrast to a continued exclusive focus on micro-
models of SAD, we advocate for a paradigm shift towards an 
integrative biological/psychological perspective to advance 
the theory and treatment of SAD. Research from an integra-
tive biological/psychological perspective is currently lacking 
and is, therefore, an open area of exploration. We recom-

mend prospective, longitudinal studies of candidate biologi-
cal and psychological mechanisms focused on the outcomes 
of risk and maintenance as the first step in an integrative line 
of research. Results can inform other topics of investigation 
such as understanding the gender difference in SAD preva-
lence and heterogeneity in the long-term course of depres-
sion in SAD and the development of novel acute and prophy-
lactic SAD treatments. 
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