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ABSTRACT

Background: Sunlight has profound impacts on physical and mental health, beyond vision, including effects on circadian
rhythms, alertness, mood, and sleep. A family history of any mood disorders is strongly associated with psychiatric disorders in-
cluding bipolar disorder. The purpose of this study was to evaluate the association between a family history of any mood disorder
in patients with bipolar I disorder and solar insolation at varied international onset locations.

Methods: Data for this analysis were available from 5842 patients with a diagnosis of bipolar I disorder obtained at 83 collection sites
in both hemispheres. This included 4752 patients from 71 collection sites in the northern hemisphere and 1090 patients from 12 col-
lection sites in the southern hemisphere. Patient data variables were obtained from records or interviews. Solar insolation data were
obtained from The National Aeronautics and Space Administration (NASA) Power database for each onset location, and the ratio of
the mean monthly minimum/mean monthly maximum solar insolation was calculated. Typically, the ratio is largest near the equator
(little yearly change in solar insolation) and smallest near the poles (large yearly change in solar insolation).
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Results: A significant relationship was found between a family history of any mood disorder, the ratio of the mean monthly

minimum/mean monthly maximum solar insolation, and gender. The odds of a family history of mood disorder increased as
patient location nears the poles and decreased near the equator. Female gender also increased the odds of having a family history

of a mood disorder.

Conclusions: This study highlighted the association between family history, solar insolation, and gender in international pa-
tients with bipolar I disorder. Given the profound effects of sunlight on human health, the family of patients with bipolar disorder

who live in the same location with the same solar insolation, and especially females, may be at increased risk for a mood disorder.

1 | Introduction

Sunlight has a profound, diverse influence on human physiol-
ogy and health that extends beyond vision, including effects on
circadian rhythms, mood, alertness, and sleep [1-3]. The pattern
of solar insolation across the earth's surface varies with the an-
nual changes in the relationship between the earth and sun, and
differs by latitude [4]. Using sunlight measured as solar insola-
tion (incoming solar radiation on the surface of the earth), we
previously investigated the effects of changes in solar insolation
using a large, international database of patients with bipolar
I disorder (BD I) from multiple continents and found that the
maximum monthly increase in solar insolation was inversely
related to the age of onset of BD I [5, 6].

Sunlight is the strongest signal used to synchronize human circa-
dian clocks to the 24 h rotation of the Earth [7, 8]. Nearly all human
physiological processes include circadian timing cycles, with a
master pacemaker in the suprachiasmatic nucleus and organized
peripheral cells containing clock components to produce circadian
rhythms [9, 10]. In addition to rods and cones, melanopsin is a spe-
cial photopigment in the eye that responds to light in the environ-
ment [11]. Disruptions in circadian rhythms are associated with a
variety of acute and chronic health problems, both physical and
mental, including sleep and mood disturbances in bipolar disorder
[1, 12-14]. Additionally, sunlight exposure is the primary source
of Vitamin D for both adults and children [15]. The purpose of
this analysis was to examine and clarify the relationship between
a family history of any mood disorder for patients with BD I and
solar insolation at varied onset locations.

2 | Aim of the Study

Given the importance of sunlight on human physical and men-
tal health, the aim of this study was to investigate the relation-
ship between solar insolation and a family history of any mood
disorder in patients with BD 1, using a large, international da-
tabase with locations extending from the poles to the equator.

3 | Methods
3.1 | Patient Data Collection

All patients in the study received a diagnosis of BD I from a psy-
chiatrist according to DSM-1V, DSM-5, or ICD criteria. Data were
obtained by direct questioning, record review, or both, from in-
dividual practitioners, medical centers, and specialty clinics.
Approval from local institutional review boards was obtained

according to local requirements. The data collected for each pa-
tient included diagnosis, gender, age of onset, date of birth, polarity
of first episode, family history of mood disorders (other than the
patient), history of psychosis, episode course, history of alcohol or
substance abuse, history of suicide attempts, birth location, onset
location, and current location. Data were collected from 8657 pa-
tients with BD I disorder. Patients were excluded if they were miss-
ing family history, gender, or if they had different birth and onset
locations, leaving 5842 patients with BD I for the analysis. Of the
5842 patients, 4752 were from the northern hemisphere and 1090
from the southern hemisphere.

Data were obtained from 83 collection sites with 71 locations in
the northern hemisphere and 12 in the southern hemisphere. In
the northern hemisphere, data collection sites included: Austria:
Graz, Wiener Neustadt; Canada: Calgary, Halifax, Ottawa; China:
Hong Kong; Colombia: Medellin; Denmark: Aalborg, Aarhus,
Copenhagen, Odense; Ethiopia: Barhir Dar; Estonia: Tartu;
Finland: Helsinki; France: Paris (2 sites); Germany: Dresden,
Frankfurt, Wiirzburg; Greece: Athens, Thessaloniki (2 sites);
India: Bengaluru, Hyderabad, Wardha; Ireland: Dublin; Israel:
Beer Sheva; Italy: Cagliari, Sardinia (2 sites), Milan, Piacenza,
Rome, Siena; Japan: Chiba, Tokyo (3 sites); Malaysia: Kuala
Lumpur; Mexico: Mexico City; Netherlands: Groningen; Norway:
Oslo, Trondheim; Poland: Poznan; Russia: Khanti-Mansiysk;
Serbia: Belgrade; Singapore; South Korea: Jincheon; Spain:
Barcelona, Vitoria; Sweden: Gothenburg, Stockholm; Taiwan:
Taichung; Thailand: Bangkok; Turkey: Ankara, Konya; Tunisia:
Tunis; Uganda: Kampala; UK: Glasgow; and USA: Grand Rapids,
MI, Iowa City, IA, Kansas City, KS, Los Angeles, CA, Palo
Alto, CA, Rochester, MN, and San Diego, CA. In the southern
hemisphere, data collection sites included: Australia: Adelaide;
Argentina: Buenos Aires; Brazil: Porto Alegre, Salvador, Sdo
Paulo; Chile: Santiago (2 sites); Indonesia: Mataram; New Zealand:
Christchurch; and South Africa: Cape Town.

3.2 | Statistics

The generalized estimating equations (GEE) statistical tech-
nique was used to account for both the correlated data and
unbalanced number of patients at collection sites. The GEE
technique estimates the dependent variable as a function of
the entire population, rather than within a cluster, producing a
population averaged or marginal estimate of model coefficients
[16]. All GEE models were estimated using a binomial distribu-
tion, an exchangeable working correlation matrix, and a logit
link function where family history of mood disorders was the
dependent binary variable. Confidence intervals at the 0.01 sig-
nificance level were used to reduce the chance of type 1 errors.
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Summary

» Significant outcomes

o There is a significant association between family
history of a mood disorder, solar insolation, and
gender in international patients with bipolar I
disorder.

o The odds of a family history of a mood disorder
increase as patient location nears the poles and
decrease near the equator.

o Family members who live in the same location
and experience the same solar insolation, espe-
cially females, may be at increased risk for a mood
disorder.

« Limitations
o Family history was obtained from patient data.
Family members were not interviewed.
o Unique patient light exposure data was not
obtained.
o Individual patient sensitivity to light was not
analyzed.

Demographic variables were reported using descriptive statis-
tics. SPSS version 30.0 was used for all analyses.

Because the patient birth and onset locations were the same,
the insolation values at the patient onset location were used as a
proxy for other family members to evaluate the family history.
While this assumption may be imperfect, it provides an approx-
imate estimate of insolation for family members.

3.3 | Solar Insolation

The solar insolation data were obtained from The National
Aeronautics and Space Administration (NASA) Power database
[4]. Solar insolation refers to the amount of electromagnetic en-
ergy from the sun received on earth for a given surface area at a
given time, expressed as kilowatt hour/square meter/day (kWh/
m?/day). The yearly pattern of solar insolation varies by latitude,
with few monthly changes at the equator and large changes near
the poles. Various other factors also influence solar insolation
values, including time of day, altitude, season, local weather,
and atmospheric conditions such as air pollution [4, 17]. Rather
than a winter summer pattern, tropical locations (less than 23.5°
latitude) may have a wet season where clouds decrease insola-
tion and a dry season with clear skies.

To accommodate tropical locations, the ratio of mean monthly
minimum/mean monthly maximum insolation was used to
summarize insolation. Locations where the ratio of mean
monthly minimum/mean monthly maximum insolation is near
zero are typically near the poles and locations where the ratio
of mean monthly minimum/mean monthly maximum insola-
tion is near 1 are typically near the equator. Locations at the
same latitude may have different solar insolation due to local
conditions such as cloud cover, aerosols, altitude, and proximity
to water.

4 | Results

The demographics of the 5842 patients are shown in Table 1.
The mean age at the time of data collection was 47.0 (14.6),
and the mean age of onset was 25.2 (10.4). The GEE logistic re-
gression model estimated the family history of mood disorders
for a patient using the ratio of mean monthly minimum/mean
monthly maximum insolation and gender. See Table 2,3. The
odds of a family history of mood disorders decreased as fam-
ily location approached the equator and increased toward
the poles. For example, if a patient and their family living in
Minneapolis, MN, USA are compared to a patient and fam-
ily living in Los Angeles, CA, USA, the ratio of the mean
monthly minimum/mean monthly maximum insolation is
0.1567 higher in Los Angeles. This difference translates into
a 12.4% ((0.211-1) * 0.1567) decrease in the odds ratio for a
family history of mood disorders for the family living in Los
Angeles. See Table 3. The independent variables for the model
were limited to insolation at the patient's onset location and
the patient's gender to minimize the possibility of overfitting
a model that is estimated with imprecise data. See Table 3 for
example collection locations with their ratio of mean monthly
minimum/mean monthly maximum insolation values. If gen-
der is female, the odds ratio of a family history of mood disor-
ders increases by 21.7% compared to a male patient.

5 | Discussion
Sunlight has widespread important impacts on the physio-

logical and mental health of humans. Although most public
education is focused upon the risks associated with excessive

TABLE1 | Demographics of bipolar I patients (IN=5842).

Parameter Value N %
Gender
Female 3364 57.6
Male 2478 42.4

Family history of mood disorder

No 2847 48.7
Yes 2995 51.3
Cohort group
DOB? <1940 196 3.4
DOB>1940 and 1339 22.9
DOB <1960
DOB>1960 and 2709 46.4
DOB <1980
DOB >1980 1598 274
Parameter Mean SD
Age at time of data 47.0 14.6
collection
Age of onset 25.2 10.4

2DOB, date of birth.
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TABLE 2 | Estimated parameters explaining family history of mood
disorders for patients with bipolar I disorder using ratio of mean monthly
minimum/mean monthly maximum insolation and gender (N=5842).2

TABLE 3 | Ratio of mean monthly minimum/mean monthly
maximum insolation: Example onset locations by latitude group
(N=5842).

99% Wald Ratio of mean
confidence monthly
interval for exp (B) Degrees minimum/
Parameter df Sig exp (B)? Lower Upper latitude mean monthly
North + maximum
Intercept 1 <0001 1617 1.226 2.133 South Onset location insolation
Ratio mean 1 <0.001 0.211 0.111 0.400 0-9 Kampala, Uganda 0.8280
monthly
minimum/ Kuala Lumpur, 0.8131
mean Malaysia
mon.thly Mataram, Indonesia 0.7830
maximum
insolation Medellin, Columbia 0.8046
Gender=0 1  <0.001 1.217 1.057 1.400 Singapore 0.8102
femal
(female) 10-19 Bahir Dar, Ethiopia 0.7377
2Dependent variable: Family history of mood disorders (yes/no). Model: .
intercept, ratio of mean monthly minimum/mean monthly maximum insolation BangkOk, Thailand 0.7842
and gender (male/female). .
PExp (B) is the exponentiated value of the estimated coefficient B. Bengaluru, India 0.7163
Hyderabad, India 0.6793
sunlight exposure, it is important to recognize the fundamental Mexico City, Mexico 0.7344
role of sunlight in human life and health. In addition to pro- Salvador, Brazil 0.6355
viding sufficient light for comfortable vision, sunlight expo- )
sure is related to vitamin D production, maintaining circadian 20-29 Hong Kong, China 0.5804
rhythms, sleep-wake cycles, well-being and mood, cognition, Sdo Paulo, Brazil 0.6079
and regulation of neuroendocrine, cardiovascular, and meta- ) )
bolic functions [18-23]. The effects of sunlight occur through Taichung, Taiwan 04533
three main routes: vision, skin absorption, and the non-visual Wardha, India 0.5839
retinal responses to light that drive the circadian clock system 3039 Ank Turk 0.2297
and other neuronal pathways. In this analysis, we found that - nkara, Lurkey :
there was a significant relationship between a family history of Athens, Greece 0.2481
any mood disorder, the ratio of the mean monthly minimum
Y . . . y / Beer Sheva, Israel 0.3659
mean monthly maximum solar insolation, and gender for pa-
tients with bipolar I disorder. This suggests a possible inter- Buenos Aires, 0.3105
action between genetic vulnerability and environmental light Argentina
exposure. In fam'lhes qu’l genetic susceptibility for bipolar dis- Cagliari, Italy 0.2510
order, the local light environment may lower the threshold for
illness expression. Cape Town, 0.3147
South Africa
51 Familv Hi Los Angeles, 0.3585
.1 | Family History CA, USA
The inverse relation found between solar insolation and the Melbourne, 0.2600
family history of mood disorders suggests that family members Australia
may also be affected by solar insolation levels. San Francisco, 0.2976
CA, USA
Although diverse factors may contribute to the development of
bipolar disorder, multiple studies have documented the asso- Santiago, Chile 0.2446
ciation with family history, and noted involvement of poten- Seoul, South Korea 0.3969
tial genetic variants [24, 25]. Children of parents who have a
serious mental illness, including bipolar disorder, have an Tokyo, Japan 0.4899
increased risk of developing a psychiatric disorder, often in Tunis, Tunisia 0.3042
childhood [26-29]. Genes involved in the regulation of cir-
cadian rhythms and sleep have been linked to mental illness (Continues)
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TABLE 3 | (Continued)

Ratio of mean

monthly
Degrees minimum/
latitude mean monthly
North + maximum
South Onset location insolation
40-49 Barcelona, Spain 0.2596
Belgrade, Serbia 0.1794
Boston, MA, USA 0.2381
Christchurch, 0.2303
New Zealand
Grand Rapids, 0.1866
MI, USA
Halifax, Canada 0.2167
Minneapolis, 0.2018
MN, USA
Paris, France 0.1417
Rome, Italy 0.2211
Siena, Italy 0.1934
Vienna, Austria 0.1374
Wiirzburg, Germany 0.1240
50-59 Aarhus, Denmark 0.0544
Calgary, Canada 0.1368
Dresden, Germany 0.1134
Dublin, Ireland 0.1122
Oslo, Norway 0.0369
Poznan, Poland 0.0954
Stockholm, Sweden 0.0321
Tartu, Estonia 0.0411
60+ Helsinki, Finland 0.0299
Khanti-Mansiysk, 0.0357
Russia
Trondheim, Norway 0.0170

[30]. An early onset of BD I in childhood is associated with a
family history of mood disorders and poor functional outcomes
[31, 32]. Genetic variants may also contribute to disruptions in
sleep and circadian rhythms found in patients with bipolar dis-
orders [12]. Polymorphisms in some clock genes may be linked
to the course of BD I disorder [33]. Patients with bipolar dis-
order who have a family history of suicide in first-generation
relatives are at a very high risk for suicide [25, 34]. Substance
abuse and adverse childhood experiences are also risk factors
for the onset of bipolar disorder [35]. Early intervention and
support are often indicated for the child of a parent with bipo-
lar disorder [29].

5.2 | Gender Differences

Although the prevalence of bipolar disorder is similar between
males and females, the presentation of symptoms and disease
course may differ between the genders [36-38]. Females may have
an increased risk of hypomania, rapid cycling mixed episodes,
and experience mood changes across the menstrual cycle [39, 40].
Males may have an earlier age of onset of mania and bipolar dis-
order [41]. Females may spend a larger proportion of time with de-
pressive symptoms [42-44]. The risk of suicide attempts is higher
in females than males [45-47], but completed suicide is more
common in males [48]. About 65% of individuals with bipolar
disorder have one or more concurrent psychiatric disorders [49].
Males have an increased risk of simultaneous substance use and
alcohol misuse disorders [49]. Females have an increased risk of
anxiety and eating disorders, and of medical comorbidities includ-
ing autoimmune and inflammatory disorders [44, 49, 50]. Both
genders have an increased risk of cardiovascular disease which
contributes to premature mortality [49, 51]. There may be gender
differences in some laboratory test results in patients with bipo-
lar disorder [52, 53]. There may be gender differences in response
to treatments for bipolar disorder [37]. Women may be more con-
cerned about side effects such as weight gain which may decrease
medication adherence [54, 55]. Additionally, treatment of females
for bipolar disorder must consider reproductive issues, including
menstruation, childbirth and postpartum periods [36, 39, 54].

6 | Limitations

Data collection methods were not standardized across the data
collection sites. This analysis assumes that if the birth location is
the same as the onset location of the patients in the database with
BD, the patient onset location is the same as the family location.
A primary limitation was that family history was derived from
the patient data, rather than by interviewing family members,
and misclassification might bias the findings. Socioeconomic
factors were not available that might influence reporting of fam-
ily history. Individual variability and gender differences in light
sensitivity, and the impacts of light pollution were not analyzed
[56-60]. Light exposure patterns may differ between genders,
as in the US, with females receiving less bright light than males
[61]. Time of day differences in response to light exposure were
not included [62]. Daily and seasonal differences in the spectral
composition of light were not analyzed [63]. Seasonal patterns
of patient mood variation were not available [64, 65]. The effects
of living in urban, industrialized areas on light exposure were
omitted [66]. The impacts of artificial light, including from oc-
cupational exposure and urbanization, may include suppression
of melatonin release, interference with circadian rhythms, and
adverse health effects [67, 68]. No genetic data were available.
The negative effects of excessive sun exposure such as the risk of
skin cancer were omitted [69]. This study did not discuss bipolar
II disorder which may be more frequent in females [43, 70].

7 | Conclusion

This study suggests that sunlight may affect the patient's family
as well as the patients who have BD I with increased risk closer
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to the poles. Given the profound effects of sunlight on human
life, health, and physiology, it is important to recognize the
associations between family history, solar insolation, and gen-
der. Psychiatrists should realize that the family of patients with
mood disorders who live in the same location and experience the
same solar insolation, especially females, may be at increased
risk for a mood disorder.
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