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Ambient temperature, testosterone, and suicide
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Suicide is a significant medical and social problem around
the world.1,2 It is estimated that over 800,000 people die
by suicide each year around the globe and that there are
many non-fatal suicide attempts for each suicide death.
In some countries, suicide rates are increasing.1,2 For
example, in the United States, the age-adjusted suicide
rate increased 36.7% between 2000 and 2018 (10.4/
100,000 to 14.2/100,000).2

Multiple biological and psychological mechanisms
are involved in the pathophysiology of suicide.1-4 For
example, childhood traumatic experiences are a risk
factor for non-suicidal self-injury and suicidal behavior.4

Meteorological influences such as the ambient tem-
perature may affect human behavior, including suicidal
behavior.5-8

Several research reports indicate that a higher ambient
temperature is associated with an increased risk of
suicide.5-8 Page et al.5 studied the relationship between
daily suicide counts and temperature in England and Wales
and found that above 18 oC, each 1 oC increase in mean
temperature was associated with a 3.8 and 5.0% rise in
suicide and violent suicide, respectively. Using compre-
hensive data from multiple decades for both the United
States and Mexico, Burke et al.6 found that suicide rates
increase 0.7% in United States counties and 2.1% in
Mexican municipalities for every 1 oC increase in monthly
average temperature. Kim et al.7 examined the tempera-
ture-suicide relationship using data collected from multi-
ple locations in 12 countries and found that the risk of
suicide increased with the increasing ambient tempera-
ture. Kayipmaz et al.8 found that an increase in the
ambient temperature leads to an increase in the number
of suicides in Turkey. It has been proposed that the
association between higher ambient temperature and
increased risk of suicide is related to alterations in the
serotonergic system, including a decrease in the levels
of l-tryptophan, a precursor for serotonin.5,7,8

It is interesting to hypothesize that changes in
testosterone levels may mediate the effect of the ambient
temperature on suicidal behavior. Several animal and
human studies conducted over the past decades have
shown that an increase in the ambient temperature
reduces testosterone secretion.9-12 For example, Gomes
et al.9 observed that a high ambient temperature is

detrimental to testosterone secretion in rams. Gesquiere
et al.12 examined the effects of season and ambient
temperature on testosterone levels in male baboons.
The authors observed that testosterone levels were lower
in months of high average daily maximum temperatures
and suggested that their finding was a result of the direct
impact of heat on testes. Some human studies have
produced similar results.10,11 For example, a study of
seasonal effects on blood testosterone concentration in a
large sample of 32-44 y.o. U.S. military veterans found
that testosterone levels peaked in December, a cold time
of the year.10 Another research group reported that
testosterone levels showed significant seasonal variation
in men living in the north of Norway, with lower levels
during the summer months.11

Several observations published over the past 15 years
indicate that lower testosterone levels may be associated
with suicidal behavior.13-16 In our study, we examined
morning testosterone levels in male combat veterans with
or without a history of suicide attempt.16 Free and total
testosterone levels were lower in suicide attempters
compared to non-attempters. In addition, both free and
total testosterone levels negatively correlated with suicide
ideation scale scores in the whole sample. Tripodianakis
et al.13 compared total plasma testosterone levels in
males with or without a recent history of suicide attempt.
The authors found that attempters had significantly lower
blood testosterone levels compared to non-attempters.
Markianos et al.14 compared total plasma testosterone
concentrations in male psychiatric patients who had
attempted suicide by jumping from a high place, males
who were hospitalized after accidentally falling from a
height, and healthy controls. The researchers observed
that, compared to the healthy control group, both accident
and attempt groups had lower blood testosterone
concentrations. They also found a trend towards lower
testosterone concentrations in suicide attempters than the
accident group. We also reported a case of a young
combat veteran who presented with an impulsive suicide
attempt that had a high potential for lethality and whose
plasma testosterone level was low compared to estab-
lished normal limits.15

It should be noted that some studies have found
an association between higher levels of testosterone
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and suicidal behavior, especially impulsive suicide
attempts.17-19 It is probable that both high and low
testosterone levels are associated with suicidality.19

The hypothesis that testosterone is involved in the
effect of the ambient temperature on suicidality can
be supported by the positive relationship between high
ambient temperature and suicide attempts among males
but not among females.20 Testosterone plays an impor-
tant biological role in both males and females.21 However,
testosterone levels are much higher in males than in
females and, consequently, testosterone may play a bigger
role in the relationship between the ambient temperature
and suicidal behavior in men than in women.

The hypothalamic-pituitary-adrenal system may be
involved in the relationship between ambient tempera-
ture, testosterone and suicidality because glucocorti-
coids regulate the hypothalamic-pituitary-gonadal axis
at all levels.22,23 Glucocorticoids inhibit the release of
gonadotropin-releasing hormone from the hypothala-
mus, inhibit gonadotropin synthesis and release in the
pituitary, and inhibit testosterone synthesis and release
in the gonads.22,23 Studies suggest that glucocorticoid
levels increase as the ambient temperature rises.24-26

Consequently, testosterone levels decrease. Therefore,
the hypothalamic-pituitary-adrenal system may be a med-
iator of the effect of ambient temperature on testosterone
levels.

Multiple biological systems are probably involved in
the effects of ambient temperature on suicidal behavior.
Psychosocial factors may also partially mediate the effect
of temperature changes on suicidality. The effects of
ambient temperature on suicide risk are an understudied
and underappreciated area of suicidology.

Individuals with depressive and/or psychotic symptoms
are at elevated suicide risk.3,27 A history of suicide
attempt predicts future suicide attempts and death by
suicide.28,29 For example, a 5-year follow-up of 302
individuals admitted to an inpatient psychiatric unit after
high-lethality suicide attempts showed that 37% of these
individuals made at least one further suicide attempt,
and 6.7% eventually died by suicide.29 Clinicians must
understand that depressed and psychotic individuals
and persons with a history of suicidal behavior need to
be carefully evaluated for suicidality when the ambient
temperature significantly increases. Future studies of
the relation between ambient temperatures and suicide
risk may help clarify the pathophysiology of suicide and
lead to new suicide prevention interventions.
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