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Tree pollen peaks are
associated with increased
nonviolent suicide in women
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SIR—Research on seasonality of suicide has identi-
fied a highly replicated and robust peak in late spring
and a somewhat less consistent peak in late summer
and early fall.1 While a number of psychosocial and
environmental factors, such as increased exposure to
light in the spring, have been suggested to be
associated with the spring peak, none satisfactorily
explains the temporal association of the peak in
suicide with the proposed environmental trigger.
Based on the influence of cytokines on mood,
cognition, and behavior in healthy individuals2 and
patients with medical and psychiatric conditions,3–5

the reciprocal immune–brain interactions,6 and the
cytokine expression during allergic reactions, we
hypothesized that tree pollen (which peaks in spring)
and ragweed pollen (which peaks in late summer/
early fall) may act as environmental triggers for
suicide in vulnerable individuals. We explored this
hypothesis by comparing the suicide rates before,
during and after periods of peak atmospheric pollen.

Tree and ragweed pollen data were obtained from the
American Academy of Allergy, Asthma, & Immunology
for the years 1995–1998 for the continental US and
Canada. Periods of allergen exposure were derived from
histograms expressing pollen counts as particles per
cubic meter (p/m3) on a log scale from 0 to 1000 (y-axis)
by months (x-axis) within each year. Raters identified
three periods for each allergen in time units of quarter-
months at each location for up to 4 years divided as
follows: a prepollen period (pollen countso10p/m3 for
trees and omid-way on the log scale between 1 and
10p/m3 for ragweed), a peak-pollen period (4100p/m3

for trees and4mid-way on the log scale between 10 and
100p/m3 for ragweed), and a postpollen period when
concentrations returned to the prepollen levels. Inter-
vals with intermediate pollen counts were discarded.

Suicide data were obtained from the General Mortal-
ity Database compiled by the National Center for Health
Statistics. Each suicide was classified by county and
state of occurrence, date, sex, age, and type (violent,
nonviolent, other, or unknown) based on the ICD-9
codes. Suicides by other or unknown means accounted
for 6% of the total. For annual rates, person-years were
estimated by summing each county’s population from
the 2000 Census across the years of observation by sex
and age categories. For the analysis of rates and relative
rates (RRs) by allergen season and pollen-level period,

person-years were estimated by multiplying the popu-
lation for each age and sex category in each county by
the total number of days in each pollen-level period
(¼number of quarter months�days per quarter month
(¼7.6 days)) summed across years of observation and
divided by 365.25 days per year.
Annual and seasonal suicide rates, RRs, and their

standard errors were estimated in Poisson’s regression
models. RRs for each allergen season and suicide type
were estimated setting the prepollen period as the
referent and peak and postpollen periods as indicator
variables. Since interaction by sex and age was found
to be significant, rates and RRs for the effect of allergen
exposure were calculated separately by the four age by
sex strata. A post hoc analysis of a possible confound-
ing effect of light (using a proxy measure, ‘sunshine’)
was performed for the specific pollen periods that
showed significant differences in suicide rates using
mixed effects repeated measures ANOVAwith pollen-
period and year as within-location effects.
The total population of these counties in 2000 was

37 824174 (Table 1). The total number of quarter
months of peak-pollen was 670 in the tree season
(mean¼14.3) and 476 in the ragweed season
(mean¼9.5). In 92705 505 person-years, 9528 sui-
cides were recorded (rate¼10.3/100 000 person-
years, 95% confidence interval (CI)¼10.1, 10.5)
(Table 2). As in other population-based samples of
completed suicide, the rate in males was greater than
in females (RR¼ 4.1, 95% CI¼3.9, 4.3), and greater in
older people compared with younger (RR¼1.4, 95%
CI¼1.3, 1.5). The rate in older males was greater than
in younger males (RR¼1.8, 95% CI¼ 1.7, 1.9). No
difference by age was seen in females.
A total of 2417 suicides were recorded in the tree

season and 1811 in the ragweed season (Table 3).
During the tree allergy season, there was a two-fold
increase in the rate of nonviolent suicides among
younger females in the peak-pollen period compared
with the prepollen period (95% CI¼ 1.3, 3.0) (Table
3). There was no difference between the postpollen
period and the prepollen period. In older females, the
rate of nonviolent suicide in the postpollen period
was 4.6 times that of the prepollen period (95%
CI¼1.2, 17.8), with no increase in the peak-pollen
period relative to the prepollen period (Table 3). It is
unlikely that a greater exposure to natural light during
the peak-pollen season would have spuriously in-
creased suicide rates in younger women, because a
greater suicide rate was found in the peak-pollen
period, while a greater ‘sunshine’ was found in the
postpollen period. However, in older women, it is
possible that a greater light exposure during the
postpollen period could have spuriously inflated the
rate of suicide during that period. The differences in
the tree pollen period effect between younger and
older women may also represent a consequence of
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aging-related changes in the immune, endocrine, and
nervous systems and their reciprocal interactions.

The hypothesized association was thus found only
for nonviolent suicides, only in females, and only for
tree pollen. This sex-specific finding is consistent
with the previously reported increased rate of atopy
in females and several reports that allergy is asso-
ciated with both the occurrence and severity of

depression in women but not in men.7 Yet, if our
hypothesis is correct, why would it be confirmed only
for tree pollen and not also for ragweed pollen?
Although ragweed is the single most allergenic plant
in the US, the allergenic impact of trees is greater,
with greater amount of pollen produced over a longer
period of exposure, as a result of a successive
(partially overlapping) onset of pollination of various

Table 1 Sample characteristics

Counties (n) 60

Counties by years of observation (%)
4 27
3 18
2 32
1 23

Total Maximum Minimum Mean SDa

County population by age and sexb

Younger males 16 414 303 1 048851 52736 273 572 227455
Older males 1 829 557 123036 4856 30 493 27 260
Younger females 16 782 129 1 133817 46375 279 702 239217
Older females 2 798 185 177516 7045 46 636 42 784
Total sample 37 824 174 2 465326 111738 630 403 534389

Quarter monthsc of high exposure by season
Treed 670 34 1 14.3 8.6
Ragweede 476 23 1 9.5 4.6

aSD¼ standard deviation.
bPopulation in 2000; younger is o65 years and older is X65 years.
cOne-quarter month¼ 365.25 days/48 quarters¼ 7.6 days.
dN¼ 47 counties.
eN¼ 50 counties.

Table 2 Total suicides, person-years, rates, and relative rates by sex and agea

Suicides Person-years Rate (95% CI) RR (95% CI)

Total sample 9528 92705505 10.3 (10.1, 10.5)

Older—totalb 1561 11374019 13.7 (13.1, 14.4) 1.4 (1.3, 1.5)
Younger—total 7967 81331486 9.8 (9.6, 10.0) 1.0

Males—total 7531 44694097 16.8 (16.5, 17.2) 4.1 (3.9, 4.3)
Females—total 1997 48011408 4.2 (4.0, 4.3) 1.0

Males
Males—older 1273 4478585 28.4 (26.9, 30.0) 1.8 (1.7, 1.9)
Males—younger 6258 40215512 15.6 (15.2, 16.0) 1.0

Female
Females—older 288 6895434 4.2 (3.7, 4.7) 1.0 (0.9, 1.1)
Females—younger 1709 41115974 4.2 (4.0, 4.4) 1.0

aRates per 100 000 person-years; CI¼ confidence interval; RR¼ relative rates. Females and younger people are the referent
groups.
bOlder is X65 years and younger is o65 years.
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Table 3 Suicides, person-years of exposure, rates, and relative rates of suicide by allergen season, sex, and agea

Preexposure High exposure Postexposure High vs
preexposure

Post vs
preexposure

SuicidesPerson-years Rate (95% CI) SuicidesPerson-years Rate (95% CI) SuicidesPerson-years Rate (95% CI) RR (95% CI) RR (95% CI)

Tree season
All suicides 958 9 837185 9.7 (9.1, 10.4) 999 9 837185 10.2 (9.5, 10.8) 460 4 981431 9.2 (8.4, 10.1) 1.0 (1.0, 1.1) 0.9 (0.8, 1.1)
Males—younger 629 4 239677 14.8 (13.7, 16.0) 617 4 239677 14.6 (13.4, 15.7) 290 2 147349 13.5 (12.0, 15.2)1.0 (0.9, 1.1) 0.9 (0.8, 1.0)
Males—older 115 484997 23.7 (19.7, 28.5) 130 484997 26.8 (22.6, 31.8) 63 246643 25.5 (20.0, 32.7)1.1 (0.9, 1.5) 1.1 (0.8, 1.5)
Females—younger 185 4 362038 4.2 (3.7, 4.9) 217 4 362038 5.0 (4.4, 5.7) 86 2 206899 3.9 (3.2, 4.8) 1.2 (1.0, 1.4) 0.9 (0.7, 1.2)
Females—older 29 750473 3.9 (2.7, 5.6) 35 750 473 4.7 (3.3, 6.5) 21 380 540 5.5 (3.6, 8.5) 1.2 (0.7, 2.0) 1.4 (0.8, 2.5)

Nonviolent suicides 144 9 837184 1.5 (1.2, 1.7) 194 9 837184 2.0 (1.7, 2.3) 88 4 981431 1.8 (1.4, 2.2) 1.3 (1.1, 1.7) 1.2 (0.9, 1.6)
Males—younger 97 4 239677 2.3 (1.9, 2.8) 105 4 239677 2.5 (2.0, 3.0) 50 2 147349 2.3 (1.8, 3.1) 1.1 (0.8, 1.4) 1.0 (0.7, 1.4)
Males—older 12 484997 2.5 (1.4, 4.4) 18 484 997 3.7 (2.3, 5.9) 12 246 643 4.9 (2.8, 8.6) 1.5 (0.7, 3.1) 2.0 (0.9, 4.4)
Females—younger 32 4 362038 0.7 (0.5, 1.0) 63 4 362037 1.4 (1.1, 1.8) 19 2 206899 0.9 (0.5, 1.3) 2.0 (1.3, 3.0) 1.2 (0.7, 2.1)
Females—older 3 750 473 0.4 (0.1, 1.2) 8 750 473 1.1 (0.5, 2.1) 7 380 540 1.8 (0.9, 3.9) 2.7 (0.7, 10.1)4.6 (1.2, 17.8)

Violent suicides 767 9 867185 7.8 (7.3, 8.4) 743 9 837185 7.6 (7.0, 8.1) 347 4 981431 7.0 (6.3, 7.7) 1.0 (0.9, 1.1) 0.9 (0.8, 1.0)
Males—younger 512 4 269677 12.1 (11.1, 13.2) 486 4 239677 11.5 (10.5, 12.5) 224 2 147349 10.4 (9.2, 11.9) 0.9 (0.8, 1.1) 0.9 (0.7, 1.0)
Males—older 100 484997 20.6 (16.9, 25.1) 108 484997 22.3 (18.4, 26.9) 49 246643 19.9 (15.0, 26.3)1.1 (0.8, 1.4) 1.0 (0.7, 1.4)
Females—younger 131 4 362038 3.0 (2.5, 3.6) 125 4 362038 2.9 (2.4, 3.4) 61 2 206899 2.8 (2.2, 3.6) 1.0 (0.7, 1.2) 0.9 (0.7, 1.2)
Females—older 24 750473 3.2 (2.1, 4.8) 24 750 473 3.2 (2.1, 4.8) 13 380 540 3.4 (2.0, 5.9) 1.0 (0.6, 1.8) 1.1 (0.5, 2.1)

Ragweed season
All suicides 424 3 681222 11.5 (10.5, 12.7) 743 6 091065 12.2 (11.4, 13.1) 644 5 924903 10.9 (10.1, 11.7)1.1 (0.9, 1.2) 0.9 (0.8, 1.1)
Males—younger 273 1 598417 17.1 (15.2, 19.2) 465 2 636818 17.6 (16.1, 19.3) 425 2 565514 16.6 (15.1, 18.2)1.0 (0.9, 1.2) 1.0 (0.8, 1.1)
Males—older 56 176297 31.8 (24.4, 41.3) 117 297432 39.3 (32.8, 47.2) 74 286098 25.9 (20.6, 32.5)1.2 (0.9, 1.7) 0.8 (0.6, 1.2)
Females—younger 83 1 627896 5.1 (4.1, 6.3) 144 2 701889 5.3 (4.5, 6.3) 127 2 628700 4.8 (4.1, 5.7) 1.0 (0.8, 1.4) 0.9 (0.7, 1.2)
Females—older 12 278611 4.3 (2.4, 7.6) 17 454 926 3.7 (2.3, 6.0) 18 444 591 4.0 (2.6, 6.4) 0.9 (0.4, 1.8) 0.9 (0.5, 2.0)

Nonviolent suicides 70 3 681221 1.9 (1.5, 2.4) 124 6 091065 2.0 (1.7, 2.4) 120 5 924903 2.0 (1.7, 2.4) 1.1 (0.8, 1.4) 1.1 (0.8, 1.4)
Males—younger 45 1 598417 2.8 (2.1, 3.8) 66 2 636818 2.5 (2.0, 3.2) 68 2 565514 2.7 (2.1, 3.4) 0.9 (0.6, 1.3) 0.9 (0.6, 1.4)
Males—older 5 176 297 2.8 (1.2, 6.8) 17 297 432 5.7 (3.6, 9.2) 13 286 098 4.5 (2.6, 7.8) 2.0 (0.7, 5.5) 1.6 (0.6, 4.5)
Females—younger 17 1 627896 1.0 (0.6, 1.7) 36 2 701889 1.3 (1.0, 1.8) 35 2 628700 1.3 (1.0, 1.9) 1.3 (0.7, 2.3) 1.3 (0.7, 2.3)
Females—older 3 278 611 1.1 (0.3, 3.3) 5 454 926 1.1 (0.5, 2.6) 4 444 591 0.9 (0.3, 2.4) 1.0 (0.2, 4.3) 0.8 (0.2, 3.7)

Violent suicides 332 3 681221 9.0 (8.1, 10.0) 558 6 091065 9.2 (8.4, 10.0) 490 5 924903 8.3 (7.6, 9.0) 1.0 (0.9, 1.2) 0.9 (0.8, 1.1)
Males—younger 216 1 598417 13.5 (11.8, 15.4) 368 2 636818 14.0 (12.6, 15.5) 344 2 565514 13.4 (12.1, 14.9)1.0 (0.9, 1.2) 1.0 (0.8, 1.2)
Males—older 50 176297 28.4 (21.5, 37.4) 94 297432 31.6 (25.8, 38.7) 58 286098 20.3 (15.7, 26.2)1.1 (0.8, 1.6) 0.7 (0.5, 1.0)
Females—younger 58 1 627896 3.6 (2.8, 4.6) 85 2 701889 3.1 (2.5, 3.9) 76 2 628700 2.9 (2.3, 3.6) 0.9 (0.6, 1.2) 0.8 (0.6, 1.1)
Females—older 8 278 611 2.9 (1.4, 5.7) 11 454 926 2.4 (1.3, 4.4) 12 444 591 2.7 (1.5, 4.8) 0.8 (0.3, 2.1) 0.9 (0.4, 2.3)

aRates per 100 000 person-years; CI¼ confidence interval; RR¼ relative rates.
Bold represents statistically significant.
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tree taxa. An important additional concern is that
very few nonviolent suicides were recorded in rag-
weed season, and since the classification comes from
vital statistics data, misclassification could have a
large impact on our findings for cells with few events.

Several key factors necessarily remain unmeasured
in our data, such as allergen and light exposure, and
medical and psychiatric history. While our result may
have been confounded by a number of biological and
psychosocial factors (such as impact of feeling sick),
acting during the allergy season on individuals and
their social support systems, the drug treatments of
allergies are particularly relevant. Specifically, over-
the-counter medications containing pseudoephedrine
may worsen prosuicidal factors such as insomnia,
agitation, anxiety, and impulsivity, and antihista-
mines may cause somnolence and cognitive distur-
bance. Systemic corticosteroids used for more severe
symptoms can precipitate depressive, mixed, or
manic episodes. Other confounding seasonal factors
that peak during late winter and early spring, such as
certain viral infections (corona viruses, influenza),8

may induce inflammation and increased cytokine
production in early spring. Alternatively, late winter
and early spring decrements in immune defenses8

against neurotropic pathogens9 could also result in
seasonal decompensation of mood disorders.

Nevertheless, the link between the activation of the
immune system with depression and possibly suicide
may be directly related to the increased expression of
cytokines during immune activation. Several mechan-
isms that may explain this association are currently
under investigation. Further studies are necessary to
define environmental factors, which, in interaction
with genetic and developmental vulnerability and
resilience, may contribute to the seasonal peaks of
suicide. This research may contribute to the stress-
diathesis concept of depression-induced suicide,10 open
new perspectives regarding the environmental precipi-
tants of suicidal behavior, and lead to the development
of novel therapeutic approaches to prevent suicide.
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SIR—Dissection of the clinical phenotype into more
homogeneous subtypes can enhance the prospects of
linkage analysis. In this study, we report linkage
results for bipolar disorder (BP) without psychosis
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