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A B S T R A C T

Serotonergic function is known to fluctuate in association with light and temperature. Serotonin-related beha-
viors and disorders similarly vary with climatic exposure, but the associations are complex. This complexity may
reflect the importance of dose and timing of exposure, as well as acclimation. This cross-sectional study tests how
average climate exposures (ambient temperature and solar insolation) vary with the prevalence of a group of
SSRI-treated disorders. For comparison, we similarly studied a group of disorders not treated by SSRIs (i.e
substance use disorders). Psychiatric prevalence data were obtained from the Collaborative Psychiatric
Epidemiology Surveys (CPES). Average yearly solar insolation was obtained from NASA's NLDAS-2 Forcing
Dataset Information. Average yearly temperature was obtained from NOAA's US Climate Normals. Logistic re-
gression models were generated to assess the relationship between these two climatic factors and the prevalence
of SSRI-treated and substance use disorders. Age, gender, race, income, and education were included in the
models to control for possible confounding. Temperature and insolation were significantly associated with the
SSRI-responsive group. For an average 1 GJ/m2/year increase, OR was 0.90 (95% CI 0.85–0.96, p=0.001), and
for an average 10 °F increase, OR was 0.93 (95% CI 0.88–0.97, p= 0.001). This relationship was not seen with
substance use disorders (insolation OR: 0.97, p= 0.682; temperature OR: 0.96, p= 0.481). These results
warrant further investigation, but they support the hypothesis that chronic exposure to increased temperature
and light positively impact serotonin function, and are associated with reduced prevalence of some psychiatric
disorders. They also support further investigation of light and hyperthermia treatments.

1. Introduction

A number of psychiatric disorders, as well as suicide and violence,
have pronounced seasonal rhythms (Coimbra et al., 2016; Rosenthal
and Wehr, 1992). These seasonal fluctuations are thought to be related
to serotonin, as the availability of the serotonin in the brain fluctuates
across seasons (Praschak-Rieder et al., 2008). While difficult to parse,
the effects of climatic change on serotonin seem to be primarily driven
by changes in ambient light and temperature (Lambert et al., 2002;
Matheson et al., 2015; Raison et al., 2015). The major serotonin me-
tabolite in cerebrospinal fluid (5-HIAA) varies inversely with daily
temperature (Brewerton et al., 2018), and serotonin 1A receptor
binding in limbic regions correlates with global light exposure

(Spindelegger et al., 2012). However, the effects of ambient light and
temperature on serotonin-related behaviors and disorders are difficult
to interpret, as different studies report seemingly antithetical results.

A sizable literature reports that acute increases in ambient light and
temperature are associated with worsening of SSRI-treated psychiatric
illness. For example, acute increases in ambient temperature are linked
to increased emergency room mental health visits for depression, bu-
limia, and posttraumatic stress disorder (PTSD) (Amr and Volpe, 2012;
Huibers et al., 2010; Lam et al., 1996; Solt et al., 1996; Stordal et al.,
2008; Vida et al., 2012; Wang et al., 2014). Serotonin abnormalities are
also strongly linked with impulsive violence (Virkkunen et al., 1996),
and multiple studies show that hotter climates and hotter days in a
given location are correlated with higher rates of violence (Gamble and

https://doi.org/10.1016/j.jpsychires.2018.12.017
Received 2 July 2018; Received in revised form 2 November 2018; Accepted 12 December 2018

∗ Corresponding author. 1600 East Ave, Apt 409, Rochester, NY, 14610, USA.
E-mail address: jrwortzel@gmail.com (J.R. Wortzel).

Journal of Psychiatric Research 110 (2019) 57–63

0022-3956/ © 2018 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/00223956
https://www.elsevier.com/locate/jpsychires
https://doi.org/10.1016/j.jpsychires.2018.12.017
https://doi.org/10.1016/j.jpsychires.2018.12.017
mailto:jrwortzel@gmail.com
https://doi.org/10.1016/j.jpsychires.2018.12.017
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpsychires.2018.12.017&domain=pdf


Hess, 2012; Sorg and Taylor, 2011). Similarly, several studies have
identified violent suicide to be specifically correlated with acute in-
creases in temperature and sunlight (Dixon et al., 2014; Hee-Jung et al.,
2017; Linkowski et al., 1992).

There are multiple reasons to think that patients with presumed
serotonergic disturbances might struggle with acute changes in climate.
Physiologically, serotonin has been shown to play a significant role in
maintaining temperature homeostasis (Schneider and Nadeau, 2015).
Heat loss during exercise is in part controlled by serotonin activity in
the preoptic area (Rodrigues et al., 2009), and peripheral serotonin
controls thermogenesis in adipose tissue by modulating b-adrenergic
stimulation of UCP-1 (Crane et al., 2015). Clinically, serotonin ab-
normalities appear to be associated with wide-ranging difficulties in
tolerating heat stress (Norden, 1995). Depressed patients have elevated
baseline temperatures and reduced amplitude of circadian temperature
rhythms, which suggests these patients have problems regulating heat-
loss (Avery et al., 1982). Patients with seasonal affective disorder also
have reduced rates of cooling down post-exercise compared to controls
and compared to after recovery (Arbisi et al., 1994).

However, in contrast to this literature, there is also a growing body
of work that has studied the effects of chronic climatic factors on psy-
chiatric illness, which actually suggests a salutary effect of warmer,
sunnier climates. One study finds a strongly positive correlation be-
tween suicide deaths and a nation's distance from the equator (Davis
and Lowell, 2002). A survey by the World Health Organization notes
that some of the lowest reported prevalences of psychiatric illness occur
in areas of the world with the highest mean solar insolations and
temperatures (Kessler et al., 2007). Concordant findings appear in an-
other cross-national prevalence study (Rotgé et al., 2014). These studies
have not controlled for socioeconomic and demographic factors that
may confound the observed effect, but differences in average light and
temperature among regions seems to be a plausible explanation.

Clinical trials using supplemental light and heat therapy support the
observation that repeated episodic exposure to increased heat and light
improves outcomes in SSRI-treated psychiatric illness. While this may
seem contradictory to the heat wave literature discussed above, the
experience of daily temperature and light fluctuations may mirror what
individuals living in warm, bright climates experience when they move
to and from climate-controlled indoor environments. Extensive evi-
dence supports the effectiveness of bright light treatment for seasonal
affective disorder (Pail et al., 2011), and preliminary data suggest
supplemental light therapy has efficacy in treating non-seasonal de-
pression, panic disorder, and bulimia (Crowley and Youngstedt, 2012;
Even et al., 2008; Wirz-Justice et al., 2011). There have also been
several clinical trials that show whole-body hyperthermia therapy ef-
fectively treats major depressive disorder (Janssen et al., 2016; Kay-U
Hanusch et al., 2013). These results are in keeping with recent studies
and reviews that report beneficial effects of increased ambient tem-
perature on mood and the serotonergic system (Lowry et al., 2009;
Raison et al., 2015).

The resolution of what appears to be a paradox in ecological studies
may lie in part with the importance of dose, duration, and timing of
heat and light exposures, and in part with the difference between acute
and chronic exposures. Peak incidence of depression and suicide gen-
erally occur not at times of highest sunshine levels and temperature (i.e.
mid-summer), but rather at times of rapidly rising sunshine and tem-
perature (i.e. spring) (Brewerton, 1991; Souêtre et al., 1990). These
late-spring peaks may be analogous to what is seen with heat wave
mortality, where the temperature during the heat wave is less im-
portant than whether the heat wave occurs early or late in the year
(Allen and Sheridan, 2018). Once people acclimate to the change in
temperature, it appears that the dangers of heat are greatly reduced.
With this in mind, and given the growing evidence of the benefit of light
and hyperthermia therapy, it seems reasonable to hypothesize that
living in a warmer, sunnier climate has a salutary effect on SSRI-treated
conditions.

This study strove to relate the effects of average light and tem-
perature levels (i.e chronic exposure) with SSRI-treated psychiatric
disorder prevalence. To do this, we paired prevalence data from the
Collaborative Psychiatric Epidemiology Studies (CPES) with average
annual solar insolation and temperature data from NASA's North
American Land Data Assimilation System Phase 2 (NLDAS-2) Forcing
Dataset and NOAA's US Climate Normals, respectively. We hypothe-
sized that climates with higher average sunlight and temperature are
associated with reduced prevalence of SSRI-treated disorders. We hy-
pothesized that this relationship would not exist for psychiatric condi-
tions that are not treated with SSRIs.

2. Methods

2.1. Datasets

For this study, we assembled a dataset comprising information from
three sources: the Collaborative Psychiatric Epidemiology Studies
(CPES), NASA's NLDAS-2 Forcing Dataset Information, and the NOAA's
US Climate Normals. The CPES dataset encompasses three national
surveys of mental health in the US population: the National
Comorbidity Survey Replication (NCS-R) (Kessler et al., 2004), the
National Study of American Life (NSAL) (Jackson et al., 2004) and the
National Latino and Asian American Study of Mental Health (NLAAS)
(Alegria et al., 2004). These data were collected and collated by the
Survey Research Center in the Institute for Social Research at the
University of Michigan. The NASA NLDAS-2 Forcing Dataset Informa-
tion is assembled by mathematically modeling data from satellites and
ground-based observations to generate 12-km gridded estimates of
meteorological variables for the United States from 1979-Present (Al-
Hamdan et al., 2014; Cosgrove et al., 2003). A yearly integral of solar
radiation was calculated by Al-Hamdan et al. (2014), and this is re-
ferred to as “solar insolation,” which has units of gigajoules per meters
squared per year (GJ/m2/year) (Kent et al., 2014). The NOAA's US
Climate Normals 1971–2000 dataset, assembled by averaging meteor-
ological data collected over a 30-year period, is considered to be the
most comprehensive daily climate data for the USA (Arguez et al.,
2012; Menne et al., 2012). The CPES, NASA's NLDAS-2 Forcing, and
NOAA's US Climate Normals datasets were paired using the FIPS county
codes recorded for each participant in the CPES dataset.

2.2. Measures

The outcome of interest in this study was meeting 12-month criteria
(i.e. the occurrence of symptoms within 12 months of the CPES inter-
view) for any of nine DSM-IV disorders assessed in the CPES survey that
have FDA approval for treatment with selective serotonin reuptake
inhibitors (SSRIs) (Widiger, 1994), and they are described as “SSRI-
treated disorders” below. These include posttraumatic stress disorder,
agoraphobia without panic disorder, agoraphobia with panic disorder,
general anxiety disorder, major depression disorder, dysthymia dis-
order, social phobia disorder, bulimia eating disorder, and panic dis-
order. Because over 30% of CPES subjects had missing data for ex-
plosive disorder, this SSRI-responsive condition was excluded from our
analysis. All other nine disorders had less than 5% missing data, which
were imputed using a Monte Carlo random forest multiple imputation
algorithm as implemented in the ‘mice’ package in R (van Buuren and
Groothuis-Oudshoorn, 2011). Using these data, a new variable “SSRI-
treated disorders” was generated for individuals with one or more of
these nine diagnoses (n=3030). As a control, this analysis also studied
DSM-IV diagnoses surveyed in CPES that do not have FDA approval for
treatment with SSRIs. These include bipolar disorder, mania, hypo-
mania, nicotine dependence disorder, alcohol abuse disorder, alcohol
dependence disorder, drug abuse disorder, and drug dependence dis-
order. Over 20% of subjects were missing data for bipolar disorder,
mania, and hypomania, and over 50% of subjects were missing data for
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nicotine dependence disorder. Consequently, these diagnoses were ex-
cluded from our analysis, and a new variable “substance use disorders”
was generated for individuals with one or more of the remaining di-
agnoses (n=505). All 20,013 CPES subjects were included in the final
analysis.

2.3. SES

Prior papers analyzing the CPES data have controlled for socio-
economic factors using education and household income (Gavin et al.,
2010; Lorant et al., 2003). All subjects reported education levels, and
this was treated as a categorical variable based on self-reported number
of years of education (i.e.< 12 years, 12 years, 13–15 years, ≥16
years). As has been previously reported, these categories were created
based on significant markers of educational attainment and the dis-
tribution of years of education in the study population (Gavin et al.,
2010). Household income was obtained from self-reported income for
the year preceding the survey, and these were grouped into approx-
imate quartiles and analyzed as categorical variables (<US$17,000, US
$17,000–49,999, US$45,000–79,999, and ≥US$80,000). Of note, over
20% of subjects had missing income data. Χ2 tests showed that these
missing subjects were not randomly distributed, and, thus, they could
not be excluded from the analysis without the risk of biasing the results.
As income was considered to be an important potential confounder to
include in the model, we ran models in which missing income was re-
placed with the mean income of the dataset (i.e. US$50,182), as well as
models in which income was imputed using the random forest proce-
dure described above. Both models showed comparable results with
little change in estimated ORs or their significance, so the imputed data
were used. We also considered including geographical region as a
covariate to control for possible unaccounted for region-specific influ-
ences, but we found that region was highly collinear with climate, so
this was not pursued.

2.4. Demographic measures

Age, gender, and race were included as demographic measures. Age
was reported for all subjects (measured in years) and it was treated as a
continuous variable. Gender was reported for all subjects and was
treated as a categorical variable (i.e. ‘is male’). Race was reported for all
subjects, though the CPES dataset originally categorized participants
into 12 racial groups. In accordance with other analyses of this dataset,
these racial categories were regrouped into five broader racial cate-
gories (i.e. Asian, Latino, Black, White, and Other) (Asnaani et al.,
2009; Gavin et al., 2010).

2.5. Climate measures

Average ambient temperature and annual solar insolation were
obtained for each subject's county from NOAA's US Climate Normals
and NASA's NLDAS-2 Forcing Dataset, respectively. Average annual
temperatures ranged from 40 to 78 °F. Temperature was reported in
units of degrees Fahrenheit, and it was treated as a continuous variable.
Average annual solar insolation ranged from 4.77 GJ/m2/year –
7.67 GJ/m2/year. Insolation was reported in units of KJ/m2/year, and
it was treated as a continuous variable. Maps of county annual averages
of temperature and insolation can be visualized in Fig. 1.

2.6. Statistical analysis

All statistical analyses were performed using the R statistical pro-
gramming language version 3.5.0 (RCoreTeam, 2014). Prior to per-
forming logistic regression modeling, we assessed for collinearity of
light and temperature, and, as expected, these variables are correlated
(R2 =0.52). We next modeled disorder prevalence (both “SSRI-treated
disorders” and “substance use disorders”) with insolation, temperature,

and an interaction term of insolation and temperature. We found sig-
nificant interaction (p= 0.0005) between light and temperature, and
we proceeded by using insolation and temperature as independent
variables in separate models. Finally, multivariate logistic regression
was performed for “SSRI-treated disorders” and “substance use dis-
orders” as dependent variables using age, gender, race, education, and
income with either temperature or insolation as independent variables.
Of note, we considered stratifying the data into quintiles of temperature
and light to better parse the effects of light and temperature, respec-
tively; however, stratification reduced statistical power significantly,
and this analysis did not prove to be edifying.

3. Results

The descriptive statistics for the climatic, socioeconomic, and psy-
chiatric variables among the participants of the CPES survey are sum-
marized in Table 1. The results of the multivariate logistic regression
models are summarized in Table 2. As hypothesized, average annual
insolation and temperature are significantly, inversely related to the
prevalence of SSRI-treated disorders. For an average 1 GJ/m2/year in-
crease in annual insolation, there was a 10% decrease in a respondent's
adjusted odds of having an SSRI-treated disorder (OR 0.90, 95% CI
0.85–0.96, p=0.001). For an average 10 °F increase in annual tem-
perature, there was a 7% reduction in a respondent's adjusted odds of
having an SSRI-treated disorder (OR 0.93, 95% CI 0.88–0.97,
p=0.001). These relationships were not seen with substance use dis-
orders (insolation OR 0.97, p= 0.682; temperature OR 0.96,
p=0.481). Fig. 2 graphically depicts the unadjusted relationship be-
tween prevalence of SSRI-treated disorders and temperature or insola-
tion by grouping data from multiple subjects at the county level.

The relationships of psychiatric disorder prevalence with the other
covariates in the model were largely similar between the SSRI-treated
disorders and substance use disorder groups. Increasing age was in-
versely related to disorder prevalence. Self-identifying as Asian was
associated with decreased illness prevalence compared with the other
four racial categories, with self-identifying as White or Other being the
largest of the racial risk factors. Household incomes above $17,000
were all associated with decreased disorder prevalence. There were no
significant differences in illness prevalence above this household in-
come level.

Two of the demographic covariates differed between the models for
SSRI-treated disorders and substance use disorders. Whereas being male
was associated with a decreased prevalence of SSRI-treated disorders
(OR 0.57, p«0.001), being male was associated with an increased pre-
valence of substance use disorders (OR 2.31, p«0.001). In general,
higher educational attainment was associated with decreased illness
prevalence for both SSRI-treated Disorders and substance use disorders;
however, for SSRI-treated disorders, prevalence was not significantly
different between those that did not complete high school and those
that did not complete college.

4. Discussion

We find that warmer and sunnier places have a lower prevalence of
a group of nine SSRI-treated, non-psychotic, psychiatric disorders. This
relationship was significant even with correcting for age, sex, race,
income, and education as potential confounders. Our control group of
substance use disorders showed no significant association with either
average yearly solar insolation or ambient temperature. These findings
are consistent with our hypothesis that chronic exposure to a climate
with increased heat and light has a beneficial effect on SSRI-treated
disorders.

It is impressive that the relationship between climate and SSRI-
treated disorders is observed even after accounting for a number of
possible demographic and socioeconomic confounders. The average age
of the US population is geographically heterogeneous. The North East
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population is older than that in the West and South West where tem-
perature and insolation are on average higher (Bureau, 2016; Johnson,
2017). Even so, sunlight and temperature are significant after ac-
counting for age in the model. The prevalence of psychiatric illnesses
differs by race (Alegría et al., 2007; Breslau et al., 2005, 2006; Williams
et al., 2007), which is significant to this study given pronounced dif-
ferences in the geographical distribution of races in America. Specifi-
cally, a greater proportion of Latinos and Blacks live in western and
southern states, respectively, compared to the White and Asian popu-
lations (Brittingham and de la Cruz, 2004). Even so, temperature and
insolation are significant when race is included in the model, and no
interactions are found between the climate variables and race. It is
possible that warmer, sunnier climates, particularly on the West Coast,
are more desirable, expensive places to live, which could have con-
founded our analysis. Household income and education are related to
the prevalence of psychiatric disorders (Muntaner et al., 2004, 2007).
However, controlling for household income did not alter the sig-
nificance of temperature and insolation in the model. The same was
true of education status.

Because this is a cross-sectional study, it is not possible to make
conclusions about a causal relationship between chronic climate con-
ditions and psychiatric disorder prevalence, as it is possible that un-
known confounders may account for the association. For example,

living in a warmer, sunnier climate may simply encourage people to get
outside and exercise more, which has been shown to improve outcomes
in depression (Cooney et al., 2014). Nevertheless, it is biologically
plausible that there is a causal link underlying this relationship. As
discussed, randomized clinical trials show that light and heat therapies
improve symptoms in depressed patients. Climate studies of insolation
and temperature are natural-experiments of these therapies, and, as
discussed, they could exert effects through serotonergic mechanisms.

We propose that the apparent paradoxical effects of climate on
psychiatric illness noted in the literature may in part be due to a dis-
tinction between acute versus chronic exposure. As discussed, many
mood-disordered patients have thermoregulatory deficits centered
around heat loss. However, we know from studies of acclimation that
chronic exposure to heat predictably results in improved ability to
thermoregulate and lose heat (Lorenzo and Minson, 2010). Thus,
whereas someone exposed to a sudden rise of temperature in the spring
may become “over-heated” and impulsively violent, the same person
later in the summer may tolerate the heat challenge easily after accli-
mating. It is also possible that hotter climates only become aversive for
some individuals above a certain temperature. We observed that some
of the lowest prevalence rates recorded in this study for SSRI-treated
disorders were recorded in areas with an average temperature of
60–65 °F. It is possible that a U-shaped curve may ultimately best

Fig. 1. Maps of average annual temperature and insolation by county in the CPES dataset.
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describe the relationships of heat and psychiatric illness prevalence,
though this study did not have sufficient statistical power to identify
such a subtlety in the relationship. This is an important question to be
addressed in further study.

While we had hoped to assemble a more diverse control group of
non-SSRI treated disorders that would highlight whether SSRI-response
was a critical distinction, missing data for some disorders in the CPES
dataset limited our control group to substance use disorders. Therefore,
we can only say that the relationship between chronic climatic factors
and psychiatric illness does not extend to substance use disorders. It is
worth noting that, while we used “SSRI-treated disorders” as a way of
grouping illnesses that are thought to be driven by serotonin dysfunc-
tion, the serotonin system is implicated in the pathophysiology of many
other psychiatric disorders (Carrard et al., 2011; Kishi et al., 2011;
Selvaraj et al., 2014). It is possible that a relationship with climatic light

and heat may exist for some of these other conditions not treated with
SSRIs. For example, there is preliminary evidence that light therapy
benefits those with bipolar disorder (Tseng et al., 2016). It is also
possible, though less likely, that one of the other several neuro-
transmitters shared in the pathophysiology of these disorders may be
driving the relationship between psychiatric disorders and climate;

Table 1
Descriptive statistics for all variables in the analysis (Subjects in CPES,
n= 20,013).

Descriptive Statistics (Subjects in CPES, n= 20,013)

Insolation (GJ/m2/year) % Education (Category) %
<5.44 19.9 < 12 years 20.3
5.44–5.80 19.9 12 years 29.7
5.81–6.20 19.5 13–15 years 26.4
6.21–6.84 19.5 ≥16 years 23.6
6.85–7.67 21.1 Income (Category) %

Temperature (°F) % <$17,000 22.9
<50 14.4 $17,000–44,999 34.4
50-53 18 $45,000–79,999 22.6
54-60 24.9 ≥$80,000 20.0
61-64 14.2 SSRI-Treated Disorders n
≥65 28.4 PTSD 602

Age (year) % Agoraphobia w/o Panic 313
<30 21.8 Agoraphobia w/Panic 191
30-39 22.4 General Anxiety 646
40-49 20.9 Major Depression Disorder 1293
50-65 20.7 Dysthymia 286
>65 14.2 Social Phobia 1153

Sex % Bulimia 80
Male 42.7 Panic Disorder 504
Female 57.3 Subjects with ≥1 disorder 3030

Race (Category) % Substance Use Disorders n
Asian 11.4 Alcohol Abuse 361
Latino 18.1 Alcohol Dependence 182
Black 31.2 Drug Abuse 188
White 37.9 Drug Dependence 77
Other 1.4 Subjects with ≥1 disorder 505

Table 2
Odds ratios from multivariate logistic regression for all independent variables.

Odds Ratios SSRI-Treated Disorders Substance Use Disorders

Temperature (10 °F) 0.93 (0.88–0.97)** 0.96 (0.88–1.08)
Insolation (GJ/m2/year) 0.90 (0.85–0.96)** 0.97 (0.87–1.14)
Age (1 year) 0.98 (0.98–0.99)*** 0.98 (0.98–0.99)*** 0.95 (0.94–0.96)*** 0.95 (0.94–0.96)***
Sex (Male) 0.57 (0.52–0.62)*** 0.57 (0.52–0.62)*** 2.31 (1.90–2.73)*** 2.31 (1.89–2.72)***
Latino v Asian 1.81 (1.52–2.16)*** 1.8 (1.51–2.14)*** 1.74 (1.14–2.63)* 1.73 (1.14–2.63)*
Black v Asian 1.52 (1.28–1.79)*** 1.48 (1.24–1.74)*** 1.66 (1.10–2.49)* 1.65 (1.10–2.52)*
White v Asian 2.23 (1.89–2.61)*** 2.19 (1.85–2.57)*** 2.59 (1.79–3.95)*** 2.60 (1.81–4.05)***
Other v Asian 3.33 (2.42–4.49)*** 3.27 (2.38–4.42)*** 3.95 (2.09–7.50)*** 3.96 (2.11–7.61)***
12yrs education vs < 12yrs 0.84 (0.76–0.95)*** 0.84 (0.75–0.95)*** 0.65 (0.50–0.79)*** 0.65 (0.50–0.79)***
13–15yrs education vs < 12yrs 0.89 (0.79–1.01) 0.89 (0.80–1.01) 0.60 (0.46–0.76)*** 0.60 (0.47–0.76)***
≥16yrs education vs < 12yrs 0.85 (0.76–0.99)* 0.86 (0.77–0.996)* 0.43 (0.31–0.57)*** 0.43 (0.31–0.57)***
$17,000-$44,999 income vs <$17,000 0.75 (0.66–0.81)*** 0.75 (0.66–0.80)*** 0.75 (0.60–0.93)* 0.75 (0.60–0.93)*
$45,000-$79,999 income vs <$17,000 0.65 (0.56–0.71)*** 0.65 (0.56–0.71)*** 0.61 (0.45–0.76)*** 0.61 (0.45–0.76)***
≥ $80,000 income vs < $17,000 0.64 (0.54–0.70)*** 0.64 (0.56–0.71)*** 0.67 (0.50–0.89)*** 0.67 (0.50–0.89)***

*p ≤ 0.05, **p∼0.001, ***p«0.001.

Fig. 2. Scatterplots of SSRI-treated Disorder prevalence by county with average
annual insolation and temperature. (Caption: Only counties with ≥50 subjects
were included. The error bounds mark the 95% CI for the trend lines.).
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however, the literature is most robust in suggesting a relationship with
serotonin and climate. These are areas of research that we could not
address in this study that would benefit from further investigation.

Our study also had limited resolution of CPES subjects' individual
light and temperature exposures. County level averages were used to
approximate annual solar insolation and temperature for each subject.
However, if subjects spent significant amounts of time in climate-con-
trolled buildings, these estimates might not reflect their true experi-
ences. Similarly, the CPES survey did not note how long subjects lived
in their counties of residence at the time of being surveyed. It is possible
that some participants moved shortly before being assessed. If so, these
subjects' chronic climatic exposures would not be accurately re-
presented by their documented county averages. In an ideal analysis,
one would have monitored each subject's individual light and tem-
perature exposure with a wearable device. However, the effects of cli-
mate-controlled lifestyles and subject relocation would likely only have
weakened the relationship observed in our analysis by making subjects'
actual temperature and light exposures more homogenous.

Lastly, we hoped to parse whether climatic light or temperature
individually drive the relationship between climate and SSRI-treated
disorders. Climatic light and temperature are significantly collinear,
which made this determination difficult. We attempted to address this
issue through stratified analysis of the data, but given that the effect
sizes of temperature and insolation on SSRI-treated disorder prevalence
are small, they lost statistical significance when the dataset was broken
into quintiles. Less formally, we attempted to address this issue by in-
dividually examining SSRI-treated disorder prevalence in counties with
either relatively high average temperature/low insolation and in
counties with relatively low average temperature/high insolation.
Examples of the former are Honolulu, HI (74 °F, 5.20 GJ/m2/year) and
Harris County, TX (70 °F, 6.23 GJ/m2/year), and examples of the latter
are San Diego County, CA (63 °F, 7.67 GJ/m2/year) and Denver County,
CO (50 °F, 6.22 GJ/m2/year). Yet in all four of these regions, SSRI-
treated disorder prevalences were low. It may be that climatic tem-
perature and light have independent, inverse relationships with SSRI-
treated disorder prevalence. This would be consistent with the in-
dependent therapeutic benefits observed with heat and light therapys.
Future investigations will hopefully be able to better parse the effects of
both.

The limitations and caveats noted for this study call attention to the
importance of replicating these results in other populations; however,
the strengths of this study are considerable. First, this is a large, well-
characterized community sample of people carefully diagnosed ac-
cording to DSM criteria. Second, the climate data used in this analysis
are derived from the most reliable climate sources available. Third,
significant potential confounders identified from previous studies of the
CPES dataset are incorporated into our analysis. This study indicates
that both light and heat deserve to be the focus of more research di-
rected at understanding the mechanisms by which these climate vari-
ables interact with the body in both health and disease. Hopefully, light
and heat treatments can be harnessed to improve treatment outcomes,
which are currently far from satisfactory for most psychiatric disorders.
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