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Introduction
Patients with bipolar disorder display rates of suicide 
attempts between 31 and 35% for both bipolar types I 
and II (Novick 2010; Dong 2020; Tondo 2016). Diverse 
patient and country factors have been associated with 
suicide attempts in bipolar disorder. Patient factors 
associated with suicide attempts include female gen-
der, depression, comorbid anxiety, alcohol or substance 
abuse disorder, history of trauma, comorbid personality 
disorder, young age of onset, rapid cycling, prior suicide 
attempts, family history of suicide, early life adversity, 
living with disabilities, and potential genetic risk factors 
(Schaffer 2015; MacKinnon 2005; Tondo 2016; Gonda 
2012; Monson 2021; Isometsä 2014; CDC 2023). Coun-
try specific factors associated with increased suicide rates 
in Europe and the US include unemployment rates and 
economic recession (Nordt 2015; Reeves 2012). In the 
US, people living in rural areas have higher rates of sui-
cide than those living in urban areas (CDC 2023). In low 
and middle income countries, pesticide self-poisoning 
remains a common method of suicide (Eddleston 2020; 
Karunarathne 2020).

In addition, environmental factors may also contribute 
to suicidal behavior in patients with bipolar disorder. The 
sun provides light and heat to the earth, as solar radiation 
warms the atmosphere and the earth’s surface. Life on 
earth evolved under sunlight and is entrained to the 24-h 
light/dark cycle. Circadian clocks are present in almost 
every cell of the body, and synchronization between the 
cells and organ systems, as well as synchronization with 
the solar day is required for health (Turek 2016; LeGates 

2014). Sunlight widely influences human physiology, 
behavior, alertness, well-being, and sleep (Munch 2017). 
Circadian rhythm disruption is associated with distur-
bances in emotional responses, sleep–wake cycles, cog-
nition, physiology, and health (Foster 2020). Virtually 
every psychiatric disorder is accompanied by sleep and 
circadian disturbances including bipolar disorder (Bagli-
oni 2016; Meyer 2024; Leng 2019; Walker 2020). Rou-
tine treatment of patients with bipolar disorder requires 
ongoing risk assessment for suicidal behavior and under-
standing of environmental factors, including sunlight. 
The purpose of this study was to evaluate the association 
between sunlight and the history of suicide attempt in a 
large global sample. Based on our prior research, a large 
change between the minimum and maximum monthly 
values of solar insolation was expected to be associated 
with a history of suicide attempts in patients with bipolar 
I disorder (Bauer 2019, 2021).

Methods
Patient data
Researchers at university medical centers and specialty 
clinics, and individual practitioners collected the data by 
direct questioning, record review or both. Study approval 
was obtained from local institutional review boards 
according to local requirements. All patients had a diag-
nosis of bipolar disorder from a psychiatrist according to 
DSM-IV, DSM-5 or ICD criteria. The data collected for 
each patient included gender, age of onset, date of birth, 
polarity of first episode, family history of mood disorders, 
history of psychosis, episode course, history of alcohol or 

Abstract 

Background  The rate of suicide attempts by patients with bipolar disorder is high. In addition to patient and coun‑
try specific factors, environmental factors may contribute to suicidal behavior. Sunlight has multiple diverse impacts 
on human physiology and behavior. Solar insolation is defined as the electromagnetic energy from the sun striking 
a surface area on earth. We previously found that a large change in solar insolation between the minimum and maxi‑
mum monthly values was associated with an increased risk of suicide attempts in patients with bipolar I disorder.

Methods  The association between solar insolation and a history of suicide attempts in bipolar disorder was again 
investigated using an international database with 15% more data and more sites at diverse locations and countries.

Results  Data were available from 5641 patients with bipolar I disorder living at a wide range of latitudes in 41 coun‑
tries in both hemispheres. A large change in solar insolation between the minimum and maximum monthly values 
was associated with a history of suicide attempts in patients with bipolar I disorder, a replication of our prior analysis. 
The estimated model also associated state sponsored religion in the onset country, female gender, a history of alcohol 
or substance abuse, and being part of a younger birth cohort with a history of suicide attempts.

Conclusions  A large change between the minimum and maximum monthly values of solar insolation was associ‑
ated with a history of suicide attempts in bipolar I disorder, replicating our prior research. Physicians should be aware 
that daylight has wide ranging physiological and psychiatric impacts, and that living with large changes in solar inso‑
lation may be associated with an increased suicide risk.

Keywords  Solar insolation, Bipolar disorder, Suicide attempt, Environment, Sunlight



Page 3 of 12Ritter et al. International Journal of Bipolar Disorders           (2024) 12:43 	

substance abuse, and history of suicide attempts. Three 
locations were also collected for each patient: birth loca-
tion, location of onset of bipolar disorder, and current 
location.

Data collection sites
There were 75 data collection sites located in 41 coun-
tries in both hemispheres. In the northern hemisphere, 
data collection sites were in Austria: Graz, Wiener Neu-
stadt; Canada: Calgary, Halifax, Ottawa; China: Hong 
Kong; Colombia: Medellín; Denmark: Aalborg, Aarhus, 
Copenhagen; Ethiopia: Barhir Dar; Estonia: Tartu; Fin-
land: Helsinki; France: Paris (2 sites);Germany: Dresden, 
Frankfurt, Würzburg; Greece: Athens, Thessaloniki (2 
sites); India: Bengaluru, Hyderabad, Wardha; Ireland: 
Dublin; Israel: Beer Sheva; Italy: Cagliari, Sardinia (2 
sites), Milan, Piacenza, Rome, Siena; Japan: Tokyo (3 
sites); Malaysia: Kuala Lumpur; Mexico: Mexico City; 
Netherlands: Groningen; Norway: Oslo, Trondheim; 
Poland: Poznan; Russia: Khanti-Mansiysk; Serbia: Bel-
grade; Singapore; South Korea: Jincheon; Spain: Barce-
lona, 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, San 
Diego, CA, and Worcester, MA. In the southern hemi-
sphere, data collection sites were in Australia: Adelaide, 
Melbourne/Geelong; Argentina: Buenos Aires; Brazil: 
Porto Alegre, Salvador, São Paulo; Chile: Santiago (2 
sites); Indonesia: Mataram; New Zealand: Christchurch; 
and South Africa: Cape Town.

Country data
Socioeconomic data were obtained for every country 
with an onset location. Data included physician density 
per 1000 population, country median age, unemploy-
ment rate, poverty rate, gross domestic product per cap-
ita (CIA 2024), psychiatrists per 100,000 (WHO 2019), 
Gini index of income inequality, percent Internet users 
(World Bank 2024a; 2024b), gender inequality index (UN 
2024), and if the country has a state-sponsored or offi-
cially favored religion (Pew Research 2017).

Solar insolation data
The National Aeronautics and Space Administration 
(NASA) POWER database provides average monthly 
solar insolation at a spatial resolution of 1° × 1° latitude/
longitude based on 20-years of satellite observations col-
lected from January 2001–December 2020 (NASA 2024). 
All solar insolation data were obtained using the NASA 
POWER VERSION: v9. Solar insolation measures the 
electromagnetic energy from the sun received for a given 

surface area on earth at a given time, expressed in kWh/
m2/day (kilowatt hours/square meter/day).

The intensity of solar insolation is not evenly distrib-
uted across the earth’s surface but varies with the annual 
changes in the earth-sun orientation. Solar insolation 
values are affected by factors such as the angle at which 
the sun’s rays strike the earth’s surface, time of day, lati-
tude, season, atmospheric conditions, and distance. The 
monthly pattern of solar insolation varies by latitude, 
with few changes throughout the year at the equator, and 
large changes close to the north and south poles. Tropi-
cal locations at less than 23.5° north or south of the equa-
tor may have a wet season where clouds decrease solar 
insolation and a dry season with clear skies rather than 
a winter/summer pattern. The ratio of minimum mean 
solar insolation/maximum mean solar insolation was cal-
culated to reflect these changes. Additionally, locations at 
the same latitude but different longitude may have differ-
ent solar insolation values due to local conditions such as 
cloud cover, altitude, atmospheric aerosols and local pol-
lution, and proximity to large bodies of water.

To obtain solar insolation data for each patient, the 
actual onset locations were grouped to create reference 
onset locations which include all the actual onset loca-
tions within a 1 × 1 degree grid of latitude and longitude. 
The reference onset locations were used to obtain all 
solar insolation values. Additionally, solar insolation data 
from the southern hemisphere was shifted by 6 months 
for comparison to data from the northern hemisphere.

Statistics
A significance level of 0.01 was used for all evaluations to 
reduce the chance of type I error. The multivariate model 
estimates were compared using the corrected quasi-
likelihood independence model criterion (Pan 2001). 
Based on the logit link function, the exponentiated coef-
ficient can be interpreted as the effect size (Li et al. 2019). 
Demographic variables were reported using descriptive 
statistics. SPSS version 29.0.02 was used for all analyses.

The generalized estimating equations (GEE) statistical 
technique was selected to accommodate the correlated 
data within reference onset locations and unbalanced 
number of patients between reference onset locations. 
The GEE technique estimates the dependent variable as 
a function of the entire population, producing a popula-
tion averaged or marginal estimates of model coefficients 
(Zeger and Liang 1986). All GEE models were estimated 
using a binomial distribution, an exchangeable working 
correlation matrix and a logit link function where the 
patient history of suicide attempts was the dependent 
binary variable. An exchangeable correlation matrix was 
selected, to efficiently estimate GEE models with a large 
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number of clusters including many with a single observa-
tion (Stedman 2008).

Two models were used to analyze the data. The first 
model repeated our prior studies (Bauer 2019; Bauer 
2021). The second model modified two variables to 
reflect the current database. Countries hostile to reli-
gion were separated from countries with no preferred 
religion. A new birth cohort group was added for those 
who were born in 1980 or later to balance the age 
grouping. Four birth cohort groups were used: date 
of birth < 1940, ≥ 1940 and < 1960, ≥ 1960 and < 1980, 
and >  = 1980.

Results
Data
Patient data were available for 8657 patients with bipolar 
I disorder. Of these, data for all variables included in the 
best models were available for 5641 patients with bipo-
lar I disorder. Patients with one or more missing variables 
were excluded from the GEE analysis. The demographics 
of the 5641 patients with bipolar I disorder are shown in 
Table 1. Supplemental Table A provides the demographic 
characteristics of all 8657 patients compared to the 5641 
patients included in the GEE analysis.

Onset locations
The onset locations for the 5641 patients with bipolar I 
disorder were in 66 countries. Of the 5641 patients, for 
4695 patients (83.2%) the current city is the same as 
the onset city, and for 5504 patients (97.6%) the current 
country is the same as the onset country. Example cities 
with the ratio of minimum mean solar insolation/maxi-
mum mean solar insolation at varied latitudes are shown 
in Table 2. Of the 5641 patients 883 (15.7%) had an onset 
location in the tropics (less than 23.5 degrees north or 
south of the equator). The collection site was used as the 
onset location for some or all patients from Barcelona, 
Cape Town, Christchurch, Frankfurt, Helsinki, Mel-
bourne/Geelong, Porto Alegro, São Paulo, Salvador, Vito-
ria, and Würzburg when the actual onset location was 
not available (Bauer 2019, 2021).

Model results
The best model from our prior research for explaining 
the association of solar insolation with a history of sui-
cide attempts for patients with bipolar I disorder was 
replicated with similar results as shown in Table 3 (Bauer 
2019, 2021). The parameters included in the replication 
are the ratio of minimum mean monthly solar insolation/
maximum mean monthly solar insolation, state spon-
sored religion, gender, history of alcohol or substance 
abuse, and birth cohort.

Additionally, the results of the second model that 
includes the two modified variables, shown in Table 4, are 
similar to the model results in Table 3. Using the expo-
nentiated value of the estimated coefficient as the odds 
ratio for a parameter (Exp (β)), the estimated coefficients 
for the modified model in Table 4 suggest that for every 
0.1 decrease in the ratio of the minimum insolation/max-
imum insolation, there is a 4.5% increase in the odds of 
a suicide attempt. Comparing the ratio of the minimum 
insolation/maximum insolation of 1 near the equator and 
a ratio of the minimum insolation/maximum insolation 
of 0 at a pole, the odds of a suicide attempt increase by 
45%. The estimated coefficients for the modified model 
suggest that being male decreases the odds of a suicide 
attempt by 54% and a history of alcohol or substance 
abuse increases the odds of a suicide attempt by 61%. The 
exponentiated values of the estimated coefficients for the 
modified model also suggest that patients born in 1980 
and after increases their odds of a suicide attempt by 90% 
and patients born between 1960 and 1979 increases their 
odds of a suicide attempt by 138%.

Discussion
Death by suicide remains a major public health problem 
and is especially of concern for patients with bipolar dis-
order. For patients with bipolar I disorder, a large change 
in solar insolation between the minimum and maximum 
monthly values was associated with an increased risk of 
a suicide attempt. A state sponsored religion in the onset 
country, female gender, a history of alcohol or substance 
abuse, and being part of a younger birth cohort were also 
associated with a history of suicide attempts. This inter-
national study replicated the model results from our 
prior research with data from 765 more patients with 
bipolar I disorder (5641 versus 4876 patients or 15.6% 
larger) (Bauer 2019, 2021). Additionally, a new model, 
which includes variables that better represent the cur-
rent sample, provided very similar results. Multiple, and 
large-scale replications with heterogeneous study popu-
lations is an important approach to confirming psycho-
logical findings (Shrout 2018; McShane 2019).

Sunlight has many important, diverse and complex 
impacts on human physiology and behavior. Human 
physiology has adapted to the 24-h light dark cycle due to 
one rotation of the earth on its axis, displaying daily fluc-
tuations in activity and rest (Richards 2013). Circadian 
timing cycles are found in nearly all human physiologi-
cal processes, with clock components to produce cir-
cadian rhythms found in virtually all cells (Allada 2021; 
Rosenwasser 2015). However, endogenous clocks do not 
run at exactly 24 h, allowing adaptation to seasonal and 
environmental changes, and must be regularly synchro-
nized (Duffy 2009; LeGates 2014). The primary signal 
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that entrains the human circadian system is sunlight. 
Retinal ganglion cells containing the pigment melanopsin 
detect environmental brightness and mediate non-imag-
ing forming visual functions including light entrainment 
(Benarroch 2011; Hatori 2010; Mure 2021; Hattar 2002). 
The suprachiasmatic nucleus (SCN) in the hypothalamus 
is the master circadian pacemaker over a system that 
includes circadian clocks genes expressed in the SCN 
and the rest of the brain, and almost all peripheral tissues 
(Silver 2014; Rosenwasser 2015). System-wide internal 
circadian synchronization, as well as circadian synchro-
nization with the environment, are fundamental for good 
physical and mental health. Problems with the circadian 
system are associated with a wide range of disease states 
including seasonal affective disorders, optic neuropa-
thies, migraine, sleep disturbances, neurogenerative dis-
ease, and glaucoma (Benarroch 2011; Ksendzovsky 2017; 
Walker 2020). Light also effects sleep via retinal ganglion 
cells in a circuit independent of circadian photoentrain-
ment (Zhang 2021).

Sunlight has additional important and widespread 
impacts on human physiology. For example, upon expo-
sure to sunlight, ultraviolet B radiation (UVB; 290–
315  nm) is absorbed in the skin triggering vitamin D 
synthesis, which maintains calcium and phosphorous 
levels in a narrow physiological range necessary for bone 
development and maintenance (Holick 2024; 2016). 
Exposure to sunlight is the major source of vitamin D for 
most children and adults (Holick 2016). Optimal vitamin 
D levels are also required for proper functioning of the 
developing and adult brain (Groves 2014; Mayne 2019; 
Eyles 2021; Menendez 2024). Vitamin D deficiency has 
repeatedly been associated with an increased risk of Alz-
heimer’s disease and other dementia (Littlejohns 2014; 
Balion 2012; Chai 2019). Beyond vitamin D production, 
UV radiation induces local immunologic and hormonal 
changes that may have profound impacts on the brain 
and systemic body homoeostasis, and these mechanisms 
are being explored (Slominski 2024; 2018). Other non-
visual effects of light may influence mood and learning 

Table 1  Demographics of Bipolar I patients (N = 5641)

1 Missing values excluded

Parameter Value N %

Gender

Female 3204 56.8

Male 2437 43.2

First Episode1

Manic/Hypomanic 2641 48.5

Depressed 2800 51.5

Family History of Mood Disorder1

No 2408 46.4

Yes 2780 53.6

Alcohol or Substance Abuse1

No 3908 69.3

Yes 1733 30.7

State Sponsored Religion in Country of Onset1

No 2869 50.9

Yes 2581 45.8

Hostile 191 3.4

History of Suicide Attempts

No 3929 68.7

Yes 1712 30.3

Cohort Group

DOB < 1940 183 3.2

DOB >  = 1940 and DOB < 1960 1334 23.6

DOB >  = 1960 and DOB < 1980 2560 45.4

DOB >  = 1980 1564 27.7

Parameter Mean SD

Age at time of Data Collection 47.3 14.6

Age of Onset 25.7 10.7
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Table 2  Mean Ratio of Monthly Mean Minimum/Monthly Mean Maximum Insolation by Latitude for Patient Onset Locations 
(N = 5641)

Degrees Latitude 
North + South

Example reference sites N % Mean ratio of monthly mean 
minimum/monthly mean maximum 
insolation

0–9 283 5.0 0.8117

Quito, Ecuador

Singapore, Singapore

Bogota, Columbia

Kampala, Uganda

Lagos, Nigeria

10–19 541 9.6 0.7060

Caracas, Venezuela

Bangalore, India

Mexico City, Mexico

Hyderabad, India

Lima, Peru

20–29 275 4.9 0.5816

Maui, HI, US

Taipei, Tiawan

Calcutta, India

Sao Paulo, Brazil

Miami, FL, US

30–39 1591 28.2 0.3054

Cagliari, Italy

Perth, Australia

Valparaiso, Chile

Buenos Aries, Argentina

Capetown, South Africa

Tokyo, Japan

40–49 2085 37.0 0.2021

Halifax, Canada

Milano, Italy

Madrid, Spain

New York, NY, US

Istanbul, Turkey

Grand Rapids, MI, US

50–59 625 11.1 0.0739

Calgary, Canada

Poznan, Poland

Berlin, Germany

Groningen, Netherlands

Oslo, Norway

Gothenburg, Sweden

60 +  241 4.3 0.0233

Lillehammer, Norway

Trondheim, Norway

Helsinki, Finland

Nuuk, Greenland

Total 5641 100.0 0.3068



Page 7 of 12Ritter et al. International Journal of Bipolar Disorders           (2024) 12:43 	

suggesting potential negative impacts of inappropriate 
light exposure, such as at night (Fernandez 2018). Addi-
tionally, sensible sun exposure may reduce the risk of 
many chronic illness including osteoporosis, common 
cancers and autoimmune disorders (Holick 2024; van 
der Rhee 2016). Locations near the poles have the largest 
change in solar insolation between winter and summer, 
which may be a contributing factor to high suicide rates 
in circumpolar regions (Young 2015; Pollock 2021).

The other parameters included in the best model are 
consistent with prior research on suicide attempts. Alco-
hol and substance abuse (Sublette 2009; Østergaard 

2017), and being female (Tondo 2016; Hu 2023) were 
significantly associated with suicide attempts. Major 
religions were found to be protective against suicide 
attempts (Lawrence 2016; Chen 2020; Rasic 2009; Van-
derWeele 2016). International studies have reported 
that suicide attempts occurred more often at a younger 
age (Chen 2021; Dome 2019; Simon 2007; Olfson 2017; 
Twenge 2018).

Limitations
There are limitations associated with this interna-
tional database. The data collection methods were 

Table 3  Estimated parameters for 2020 model explaining a history of suicide attempts for patients with bipolar I disorder (N = 5641)1

1 GEE model using a binomial distribution and logit link function. Dependent variable: History of suicide attempts (yes/no). Model parameters: intercept, ratio of 
minimum insolation/maximum insolation at onset location, state sponsored religion in onset country (yes/no), alcohol or substance abuse (yes/no) and birth cohort 
group (DOB < 1940, DOB ≥ 1940 and DOB < 1960, DOB ≥ 1960)
2 Individual parameters Wald chi-square statistics and significance. The model effects Wald chi-square and significance for the cohort parameter was 12.932 and 0.002 
respectively with 2 degrees of freedom

Parameters Coefficient 
estimate (β)

Standard Error Exp (β) 99% Confidence 
Interval

Coefficient Significance

Lower Upper Wald Chi-squared P

Intercept −1.036 0.2264 0.355 −1.619 −0.453 20.953  < 0.001

Ratio minimum insolation/maximum insolation −0.655 0.1766 0.520 −1.110 −0.200 13.748  < 0.001

State sponsored religion in onset country −0.346 0.1105 0.708 −0.631 −0.061 9.807 0.002

Male −0.624 0.0724 0.536 −0.811 −0.438 74.335  < 0.001

History of alcohol or substance abuse 0.476 0.0703 1.610 0.295 0.657 45.974  < 0.001

DOB ≥ 1960 0.821 0.2298 2.273 0.229 1.413 12.771  < 0.0012

DOB ≥ 1940 and DOB < 1960 0.671 0.2100 1.955 0.130 1.212 10.198 0.0012

Table 4  Estimated parameters explaining a history of suicide attempts for patients with bipolar I disorder (N = 5641)1

1 GEE model using a binomial distribution and logit link function. Dependent variable: History of suicide attempts (yes/no). Model parameters: intercept, ratio of 
minimum insolation/maximum insolation at onset location, state sponsored religion in onset country (yes/no/hostile), alcohol or substance abuse (yes/no) and birth 
cohort group (DOB < 1940, DOB ≥ 1940 and DOB < 1960, DOB ≥ 1960 and DOB < 1980, DOB >  = 1980)
2 Individual parameters Wald chi-square statistics and significance. The model effects Wald chi-square and significance for the state sponsored religion in onset 
country parameter was 14.491 and < 0.001 respectively with 2 degrees of freedom. The model effects Wald chi-square and significance for the cohort parameter was 
20.256 and < 0.001 respectively with 3 degrees of freedom

99% Confidence 
Interval

Coefficient Significance

Parameters Coefficient 
estimate (β)

Standard Error Exp (β) Lower Upper Wald Chi-squared P

Intercept −0.997 0.2212 0.369 −1.567 −0.428 20.332  < 0.001

Ratio minimum insolation/maximum insolation −0.797 0.2415 0.451 −1.419 −0.175 10.899  < 0.001

State sponsored religion in onset country−Yes −0.369 0.1129 0.691 −0.660 −0.078 10.679 0.0012

State sponsored religion in onset country−Hostile −0.623 0.2263 0.537 −1.205 −0.040 7.573 0.0062

Male −0.618 0.0719 0.539 −0.803 −0.433 73.853  < 0.001

History of alcohol or substance abuse 0.478 0.0703 1.614 0.297 0.660 46.289  < 0.001

DOB ≥ 1980 0.640 0.2372 1.897 0.029 1.251 7.285 0.007

DOB ≥ 1960 and DOB < 1980 0.868 0.2295 2.381 0.276 1.459 14.290  < 0.0012

DOB ≥ 1940 and DOB < 1960 0.658 0.2085 1.931 0.121 1.195 9.963 0.0022
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not standardized, including the definition of a suicide 
attempt. The patient data collected did not include some 
variables associated with suicide such as genetic informa-
tion or sexual orientation (Turecki 2016). There was no 
data on individual treatments taken for bipolar disorder, 
including the use of lithium which may decrease suicide 
risk. There was no data on patient general medical health, 
chronic diseases, sleep disturbances, serum vitamin D 
levels, and other medications taken which could be con-
founders (Ilzarbe 2023). There was no information on 
individual work habits or life styles that may impact sun-
light exposure. The influence of online social media sites 
on individual suicide related behavior was not known 
(Luxton 2012). There was no data on the phase of bipo-
lar disorder or season when a suicide attempt occurred, 
although some patients experience seasonal variation in 
bipolar symptoms (Geoffroy 2014). For example, a sum-
mer peak in hospital admissions for mania was reported 
in Finland and Denmark (Törmälehto 2022; Medici 
2016), and a spring/summer peak in Taiwan (Lee 2007). 
There was no data on suicide deaths, which are reported 
higher in males than females (Hedegaard 2020; Bostwick 
2016; Blisker 2011; Plans 2019). The high suicide rates in 
the elderly (> 75 years) with bipolar disorder was not con-
sidered (Miller 2020). The impact of the COVID 19 pan-
demic on suicide rates was not discussed (Sher 2020). By 
shifting data from the southern hemisphere by 6 months, 
cultural related issues related to seasonality were not 
included. There was no mention of how the perception 
of climate change may trigger anxiety, depression and 
thoughts of suicide (Gianfredi 2024).

Significant individual differences in the non-visual 
responses to light were not discussed (Spitschan 2022; 
Chellappa 2021; Phillips 2019). Retinal abnormalities 
including thinning associated with bipolar disorder were 
not included (Lizano 2020; Silverstein 2020). White light 
emitting diodes (LEDs), which have a dominant spectral 
wavelength in the blue light range near the peak sensitiv-
ity for the melanopsin system were not mentioned (Bauer 
2018). Dangers from excessive sunlight exposure were 
not reviewed including risks of skin cancer and aggrava-
tion of some skin and eye diseases (Hoel 2016; van der 
Rhee 2016). Indoor lighting and the fundamental differ-
ences between sunlight and electric lighting were not 
discussed (Knoop 2020). There was no data on local tem-
perature increases or air pollution which may be asso-
ciated with suicide attempts (Aguglia 2021; Villeneuve 
2023; Wu 2024; Heo 2021; Kim 2019; Radua 2024). Some 
patients with bipolar disorder are especially sensitive to 
climate and weather changes, which may be associated 
with suicide attempts (Di Nicola 2020). Regional variance 
in solar insolation occurring over decadal time frames, 
including dimming and brightening related to clouds 

and aerosols was not considered (Wild 2012; He 2018). 
Finally, this analysis measures association and cannot 
determine causality (Vieta 2024).

Conclusions
Using an international sample, this analysis confirmed 
that a large change in solar insolation between the mini-
mum and maximum monthly values was associated with 
an increased risk of suicide attempts in patients with 
bipolar I disorder. The increased risk appeared in both a 
replication model, and a model including modified vari-
ables with additional data. Physicians should be aware 
of this association, especially those who practice in in 
locations with a large change in solar insolation across 
the year. Further understanding of short and long term 
effects of sunlight exposure on patients with bipolar dis-
order is needed.
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