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Abstract: Seasonal Affective Disorder (SAD) is a recurrent subtype of depression
associated with seasonal shifts, particularly reduced daylight during autumn and winter.
Although gender differences in depression are widely documented, comparatively less
attention has been given to how changing climatic patterns affect these gender disparities.
Climate change—manifesting through rising temperature variability, altered seasonal
transitions, and irregular sunlight exposure—may intensify or reshape SAD symptoms. This
paper examines gender-specific vulnerability, symptom expression, and psychosocial pathways
linking climate-related seasonal changes to depressive outcomes. Drawing from
biopsychosocial and climate-psychology frameworks, this analysis integrates empirical
findings and conceptual arguments to show how women and men experience seasonal
depression differently, while also acknowledging emerging evidence on nonbinary individuals
who remain understudied. The findings suggest that women exhibit higher SAD prevalence
and symptom severity, while men show distinct behavioural responses. Climate change appears
to magnify these disparities through circadian disruption, stress exposure, and socioeconomic
pressures. Implications include the need for gender-responsive mental-health interventions,
climate-informed screening tools, and policy measures addressing environmental determinants
of mood disorders. The purpose of this paper is to explore how gender differences in seasonal
depression intersect with climate-related environmental changes. Through a review of
empirical research and conceptual models along with an experimental study on 200 adults, this
paper examines biological, psychological, and social pathways that contribute to gender-
differentiated vulnerability to SAD within a changing climate.
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1. Introduction

Seasonal Affective Disorder (SAD), often characterized as seasonal depression, is a
mood disorder involving recurrent depressive episodes that typically occur in colder, darker
months. Its core symptoms include fatigue, hypersomnia, low mood, anhedonia, carbohydrate
cravings, and diminished energy. Although SAD has historically been attributed to seasonal
variations in daylight and circadian rhythm disruption, recent decades have witnessed growing
interest in how global climate change may alter these environmental triggers. Climate change
disrupts traditional seasonal patterns by shifting temperature cycles, modifying photoperiod
exposure, and increasing the frequency of extreme weather events. These environmental
changes may heighten vulnerability to mood fluctuations and depressive symptoms,
particularly among individuals already sensitive to seasonal variation. At the same time,
depression consistently shows gendered patterns: women experience nearly twice the rate of
depressive disorders as men, attributed to hormonal, social, and psychosocial factors. Yet, little
research investigates the intersection of gender, seasonal depression, and climate change,
despite the urgent need to understand how environmental instability may exacerbate mental-
health inequalities. The present paper aims to explore this intersection by reviewing relevant
research and outlining conceptual pathways connecting climate change to gender-differential
SAD symptoms. Understanding these patterns is essential for developing targeted
interventions, improving mental-health surveillance, and informing climate adaptation
strategies that incorporate psychological well-being. Seasonal Affective Disorder (SAD) has
been recognized for decades as a type of depression that recurs at predictable times of the year,
usually during late autumn and winter when daylight hours decrease. Rosenthal et al. (1984)
first described SAD as a condition linked to seasonal photoperiod changes, and research has
consistently supported this association. However, global climate change is now altering
seasonal patterns in ways that may shift onset, severity, and duration of seasonal depressive
symptoms. Gender differences in depression are also well documented. As Kuehner (2017)
notes, women experience nearly double the rates of major depressive disorder compared to
men. In the context of SAD, Magnusson and Boivin (2003) report that women also show higher
prevalence and symptom severity. Climate change may amplify these differences by generating
more unpredictable seasonal transitions, creating new psychological stressors, and increasing

environmental instability.
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2. Literature Review
Seasonal Affective Disorder and Environmental Determinants

Rosenthal et al. (1984) identified reduced daylight as a primary trigger for SAD, a
finding echoed by Partonen and Lonngvist (1998), who showed that disruptions in melatonin
secretion and circadian rhythms contribute to winter depression. Lam and Levitt (1999) further
emphasized photoperiod sensitivity as the core environmental driver, noting that individuals in
northern latitudes experience higher prevalence. According to Magnusson and Boivin (2003),
biological mechanisms such as serotonin regulation, circadian-phase delays, and
hypersensitivity to light deprivation underlie SAD’s seasonal recurrence. Climate change
introduces variability in temperature, sunlight availability, and seasonal onset, potentially
disrupting these biological rhythms. Kuehner (2017) attributes gender disparities in depression
to hormonal fluctuations, differential exposure to psychosocial stress, and internalizing coping
styles among women. In relation to SAD specifically, Magnusson and Boivin (2003) document
that women experience more severe symptoms, including hypersomnia, appetite change, and
emotional reactivity. Addis (2008) argues that men may display externalizing behaviours—
such as irritability or substance use—leading to underdiagnosis. Nonbinary individuals face
even higher depression rates, as Budge et al. (2013) note, though SAD-specific research
remains sparse. Clayton et al. (2017) highlights that climate change exacerbates psychological
distress through extreme weather events, erratic seasonal changes, and uncertainty regarding
environmental futures. Similarly, Obradovich et al. (2018) provide evidence that rising
temperatures and seasonal unpredictability correlate with increased depressive symptoms
across global populations. Cunsolo and Ellis (2018) introduce the concept of ecological grief,
showing how disruptions to seasonal rhythms undermine psychological well-being. Together,
these findings suggest that the environmental underpinnings of SAD may intensify in a
warming and destabilizing climate. Tschakert and Machado (2012) argue that climate impacts
disproportionately affect women due to social roles, caregiving responsibilities, and economic
inequality. Clayton (2020) reports higher levels of climate anxiety among women, which may
interact with seasonal vulnerability to heighten depressive responses. Climate change thus
intersects with gender norms and socioeconomic disparities, shaping mental-health outcomes

in gender-differentiated ways.
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3. Methodological Framework
3.1 Research Design
This study employed a between-subjects experimental design to examine gender
differences in symptomatic Seasonal Affective Disorder (SAD) under simulated climate-
related seasonal light conditions. The independent variables were gender (female, male) and
light exposure condition (winter-reduced-light simulation vs. neutral-light control). The
dependent variable was SAD symptom severity, measured using validated psychological
scales. This design allowed for controlled manipulation of light exposure in a laboratory
environment, mimicking climate-related disruptions to seasonal light patterns while isolating
gender differences.
3.2 Participants
The sample consisted of 200 adults, including 100 females and 100 males, aged 18 to
25 years. Participants were recruited from local universities, community centers, and online
platforms. Inclusion criteria required that participants had no prior diagnosis of bipolar
disorder, major depressive disorder unrelated to seasonal patterns, or severe medical conditions
that could influence mood or energy levels , and this was met using the general mental health
interview.
3.3 Sampling Procedure
A stratified random sampling method ensured equal representation of males and
females. Interested individuals completed a brief screening questionnaire assessing eligibility.
Participants who met criteria were randomly assigned to either the winter-reduced-light
condition or the neutral-light control condition, with equal numbers of males and females in
each group (n = 50 per gender per condition).
3.4 Materials and Measures
Participants completed the following standardized instruments:
e Seasonal Pattern Assessment Questionnaire (SPAQ):
Measures seasonal variations in mood, energy, sleep, appetite, and social behavior.
e Beck Depression Inventory—II (BDI-II):
Assesses severity of depressive symptoms.
e Profile of Mood States (POMS):
Used to evaluate short-term mood fluctuations in response to environmental

manipulation.
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Each instrument has strong reliability and validity in SAD and seasonal mood research.
3.5 Participants
The sample included 200 participants, consisting of 100 females and 100 males, aged
18 to 25.
Psychological Measures Used
1. Seasonal Pattern Assessment Questionnaire (SPAQ)
o Measures seasonal fluctuations across mood, energy, sleep, appetite, and social
functioning.
o Produces a Global Seasonality Score (GSS) ranging from 0-24.
2. Beck Depression Inventory—II (BDI-II)
o Widely validated measure of depressive symptom severity.
o Scores range from 0—63. Higher scores indicate greater depression.
3. Profile of Mood States (POMS)
o Total Mood Disturbance (TMD) score used to capture negative mood states.

o Higher TMD indicates greater mood disturbance.

4. Results

A total of 200 participants were included in the study, consisting of 100 males and 100
females. Participants ranged in age from 18 to 55 years (M = 32.4, SD = 8.7). All participants
completed the Seasonal Pattern Assessment Questionnaire (SPAQ).
4.1 Prevalence of Affective Seasonal Disorder

The prevalence of ASD was calculated based on established SPAQ scoring criteria.
Females showed a higher prevalence of ASD compared to males.

Table 1. Prevalence of Affective Seasonal Disorder by Gender (N = 200)

Gender n ASD Cases Prevalence (%)
Male 100 28 28%

Female 100 45 45%
Total 200 73 36.5%

A chi-square test revealed that the difference in prevalence between males and

females was statistically significant, y*(1, N =200) = 7.32, p <.01.
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4.2 Severity of ASD Symptoms
Mean severity scores were compared using an independent samples t-test.

Table 2. Mean ASD Symptom Severity Scores by Gender

Gender Mean (M) Standard Deviation (SD) t-value p-value
Male 18.62 5.41
Female 22.35 5.89 -4.73 p <.001

Females reported significantly higher ASD symptom severity than males.

4.3 Symptom Domains Most Affected
Participants rated changes in mood, energy, sleep, appetite, and social activity.

Table 3. Mean Scores on Symptom Domains by Gender

Symptom Domain Male (M £ SD) Female (M £ SD) Mean Difference
Mood Changes 32+1.1 40=+1.2 +0.8
Energy Levels 35+1.0 43+13 +0.8
Sleep Patterns 29+1.2 3.6+1.4 +0.7

Appetite Changes 2.7+1.0 3.1+1.2 +0.4

Social Withdrawal 3.1+1.1 3.8+1.3 +0.7

Across all domains, females exhibited higher mean scores, indicating greater seasonal impact.

5. Discussion

The purpose of this study was to examine gender differences in Affective Seasonal
Disorder among a sample of 200 adults. The results reveal substantial and statistically
significant differences between males and females in both prevalence and severity of ASD.
Higher Prevalence in Females

Females showed a significantly higher prevalence of ASD (45%) compared to males
(28%). These findings are consistent with prior literature indicating that women are more
susceptible to seasonal mood changes. Several biological factors may explain this pattern:
1. Hormonal Regulation

Fluctuations in estrogen and progesterone across the menstrual cycle can influence
serotonin pathways and circadian rhythms. Since ASD is closely linked to dysregulation of

serotonin and melatonin, women may experience stronger seasonal effects.
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2. Serotonergic Sensitivity

Women tend to have greater serotonergic vulnerability, which may increase sensitivity
to winter-triggered serotonin depletion—one of the proposed mechanisms underlying ASD.
3. Circadian Rhythm Differences

Research suggests that females may exhibit stronger circadian rhythm shifts in response
to reduced daylight exposure, heightening the risk of seasonal mood changes.
4. Vitamin D Processing

Some studies indicate that women may metabolize vitamin D differently, potentially
amplifying the effects of winter-related vitamin D deficiency on mood.
Gender Differences in Prevalence

The higher prevalence of ASD among females (45%) compared to males (28%) aligns
with earlier epidemiological findings.

Rosen et al. (1990) found that women were up to four times more likely to meet
diagnostic criteria for SAD than men. Similarly, Magnusson (2000) reviewed global patterns
and concluded that women consistently show higher rates of seasonal depression across
cultures.

These gender disparities may be influenced by biological, psychological, and
sociocultural mechanisms.

Hormonal Modulation and Neurotransmitter Interaction

Fluctuations in estrogen and progesterone influence serotonin system function, which

plays a central role in ASD:
e Young & Leyton (2002) demonstrated that estrogen increases serotonin synthesis and
receptor sensitivity.
e Halbreich (2003) highlighted how hormonal fluctuations across the menstrual cycle
can intensify vulnerability to mood disorders, particularly depression.
e Wharton et al. (2012) confirmed serotonin’s involvement in seasonal mood variations,
showing lower serotonin activity in winter months.
These findings suggest that women may experience amplified winter sensitivity due to
hormone—serotonin interactions.
Circadian Rhythm Vulnerability
Circadian misalignment under reduced daylight is a well-established mechanism of

seasonal depression.
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e Lewy et al (1987) demonstrated that winter depression is associated with phase delays
in circadian rhythms and melatonin secretion.

e Adan & Natale (2002) reported gender differences in circadian typology, finding that
women tend to have stronger evening-type tendencies, which increases sensitivity to
seasonal light changes.

e Parry et al. (2008) found that women exhibit more variability in melatonin and core
body temperature rhythms, increasing susceptibility to mood disturbances.

This supports the idea that women may be more circadian-sensitive to winter darkness.
Vitamin D Metabolism and Seasonal Effects
Vitamin D deficiency is another well documented contributor to seasonal mood decline.

e Gloth et al. (1999) showed that low vitamin D levels were strongly correlated with
winter depression, and supplementation improved mood.

e Bertone-Johnson (2009) reported gender-specific differences suggesting that women
may be more vitamin-D sensitive, especially during low-light months.

This may partly explain higher winter depressive symptoms among females.
Psychological and Behavioral Factors
Psychological tendencies also contribute to gender differences:

e Nolen-Hoeksema (2001) demonstrated that women engage in more rumination,
increasing risk for depression and prolonging episodes.

o Kessler (2003) noted that women generally show higher emotional reactivity to
stressors, which may amplify depressive effects during winter.

e Krantz & Busch (2010) observed that women reduce outdoor activity more than men
during winter, reducing sunlight exposure and reinforcing seasonal mood decline.

These behavioural patterns may intensify seasonal symptoms among females.
Sociocultural Influences
Sociocultural factors additionally shape seasonal mood patterns:

e Simon & Nath (2004) found that women are more frequently in emotionally demanding
caregiving roles, increasing winter stress vulnerability.

e Matud (2004) demonstrated that women report higher psychological distress linked to
daily environmental demands, especially during winter months when routines become
more restricted.

This combination of stress and reduced daylight may aggravate ASD symptoms among women.
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Symptom Severity Differences
Greater symptom severity among females in this study parallels existing findings:
e Mersch et al. (1999) found females reported stronger changes in mood, sleep, appetite,
and energy in winter.
e Lam & Levitt (1999) reported that women respond more strongly to seasonal affective
triggers, particularly in circadian- and serotonin-related domains.
Our results reinforce these established gender differences.
Comparison With Previous Literature
The overall pattern in this study—that women present with higher prevalence and more severe
seasonal mood symptoms—is consistent with meta-analytic reviews:
e Pincus et al. (1998) concluded that gender differences in depression, including SAD,
are robust across cultures and time.
o Wirz-Justice (2003) emphasized that the interplay between gender, light exposure, and
circadian physiology consistently places women at greater seasonal mood risk.
While some studies find smaller gender gaps, the majority support higher female susceptibility.
Implications for Clinical Practice
Based on these findings and prior research:
1. Gender-Sensitive Screening
Women may benefit from routine seasonal mood screening beginning in autumn
(Magnusson, 2000).
2. Tailored Interventions
Evidence supports early implementation of:
e light therapy (Lewy et al., 1998)
e vitamin D supplementation (Gloth et al., 1999)
e cognitive-behavioral therapy for SAD (Rohan et al., 2009)
3. Public Health Education

Communicating female-specific risks may enhance early detection and prevention.

6. Limitations
As with most seasonal affective disorder research:
e Self-report measures (SPAQ) may introduce bias (Rohan et al., 2004).

e Biological markers (serotonin, melatonin, vitamin D) were not directly measured.
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e The cross-sectional design cannot establish causation.
Future studies should integrate longitudinal tracking, hormone assays, and actigraphy-based
circadian measurements.
Despite growing interest, research on the intersection of gender, SAD, and climate change
remains fragmented. Key limitations include:

o limited longitudinal studies linking climate shifts to SAD symptoms

o insufficient data on nonbinary or transgender individuals

e geographic bias toward Western countries

e underreporting among men

e lack of climate-specific mental-health measures

These gaps highlight the need for more inclusive, multidisciplinary research

7. Future Research Directions
Future work should aim to:
1. Conduct multi-year studies examining climate variables (sunlight hours, temperature
inconsistencies, humidity) alongside SAD symptom tracking across gender groups.
2. Investigate biological mechanisms underlying gender-specific sensitivity to disrupted
circadian rhythms.
3. Include nonbinary and transgender populations in gender-based SAD research.
4. Assess how cultural norms around gender shape climate-related mental-health risk.
5. Evaluate climate-resilient interventions such as smart lighting technology, community

warming centers, and year-round light-exposure programs.

8. Conclusion

Seasonal Affective Disorder is a complex interplay of biological, psychological, and
environmental factors. Climate change intensifies this interplay by disrupting seasonal cues,
altering daylight exposure, and increasing stress associated with environmental uncertainty.
Gender differences in SAD—Ilong recognized but insufficiently explained—take on new
significance as climate instability accelerates. Women appear more vulnerable to the combined
effects of seasonal variation and climate stress, while men and nonbinary individuals face
distinct but often overlooked challenges. Understanding these dynamics is crucial for designing

effective, equitable mental-health responses. As climate change reshapes global environments,
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mental healthcare systems must evolve to meet new patterns of need, incorporating gender-
sensitive approaches and climate-informed strategies. Ultimately, addressing the mental-health
implications of climate change requires not only medical and psychological interventions but
also broader social, economic, and environmental action. The findings of this study are strongly
supported by existing research showing that women are more vulnerable to Affective Seasonal
Disorder. Biological factors (hormonal regulation, serotonin dynamics, circadian rhythm
sensitivity), psychological factors (rumination), and sociocultural influences (care roles,
reduced sunlight exposure) interact to create a higher-risk profile for females. These results
underscore the importance of gender-informed clinical and preventive approaches in managing
ASD. The study provides strong evidence that females experience higher prevalence and more
severe symptoms of Affective Seasonal Disorder than males. These findings highlight the need

for gender-sensitive approaches in both prevention and treatment of ASD.
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