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ABSTRACT
Objectives: Prior research suggests a possible 
association between pollen and suicide. No studies 
have examined the relationship between pollen 
and attempted suicide. This study examines the 
temporal association between airborne pollen counts 
and nonfatal suicidal and nonsuicidal self-directed 
violence (SDV) requiring an emergency department 
visit.

Methods: Data on daily emergency department 
visits due to nonfatal SDV as identified by ICD-9 
diagnosis criteria were extracted from emergency 
department medical records of Parkland Memorial 
Hospital in Dallas, Texas, between January 2000 and 
December 2003. Concurrent daily airborne tree, 
grass, and ragweed pollen data from the city of Dallas 
were extracted from the National Allergy Bureau 
online database. The data were analyzed using the 
time series method of generalized autoregressive 
conditional heteroskedasticity.

Results: There were statistically significant and 
positive temporal associations between tree pollen 
counts and the number of nonfatal SDV events 
among women (P = .04) and between grass pollen 
counts and number of nonfatal SDV events among 
both men (P = .03) and women (P < .0001). There was 
no significant temporal association found between 
ragweed pollen counts and number of nonfatal SDV 
events.

Conclusions: The study findings suggest that an 
increase in nonfatal SDV is associated with changes 
in tree and grass pollen counts. This is the first study 
that has examined an association between seasonal 
variation in tree and grass pollen levels and nonfatal 
SDV event data. The study also used a narrowly 
defined geographic area and temporal window. The 
findings suggest that pollen count may be a factor 
influencing seasonal patterns in suicidal behavior.
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Suicide is one of the top 3 leading causes of death among age groups 
between 15 and 44 years and is an increasingly important cause of 

death among the 15- to 24-year age group.1 In the United States, suicide 
was the 10th leading cause of death in 2013 according to the Centers for 
Disease Control and Prevention (CDC).2 Contributors to differences in 
suicide rates identified by previous studies include, but are not limited 
to, sex,3–5 mood disorder,6 and seasonal affective disorder.7 A factor that 
has received much attention is the seasonality of suicide, with a peak in 
these deaths during the spring and smaller peaks in late spring and fall.7–9 
Increases in airborne allergen counts also show that tree pollen counts 
peak in the spring, followed by grass pollen counts in late spring to early 
summer, and ragweed pollen counts in the fall. Using US county-level 
data, Postolache and colleagues3 found a positive association between 
suicide rate and airborne tree pollen counts in cases where women 
completed suicide by nonviolent method. While the association was not 
replicated in the following study,4 a similar result was reported by Qin et 
al10 using Danish population data.

Suicides reflect only a small portion of all self-directed violence 
(SDV).11 During 2008, 35,045 Americans completed suicide,2 while 
an estimated 900,000 engaged in nonfatal suicide attempts.12 Suicidal 
behaviors resulted in an estimated total of 678,000 emergency department 
visits and 500,000 hospitalizations in 2008.12 Thus, suicide attempts are 
an important public health concern, and these acts frequently foreshadow 
a suicide. Because suicide attempts are much more common than 
suicides, they can be examined using smaller and more geographically 
defined datasets than can suicides. Additionally, focusing only on suicide 
may inadvertently bias results toward trends unique to violent suicidal 
behavior (eg, shooting, hanging, drowning, jumping) versus nonviolent 
suicidal behavior (eg, poisoning), as the former is more often fatal.13 
There is also a well-documented sexual dimorphism in the nature of 
self-directed violence.14 This article uses nonfatal SDV to designate both 
nonfatal suicidal SDV and nonfatal, nonsuicidal SDV, following the 
definitions recommended by the CDC.11

If the propensity toward suicide is affected by temporally relevant 
environmental factors such as pollen, nonfatal SDV may be similarly 
affected. Since about a quarter of nonfatal SDV events are followed within 
12 months by a suicide, a history of nonfatal SDV is one of the most 
identifiable risk factors for suicide.15,16 However, to our knowledge no 
prior studies have examined the relationship between seasonal pollen 
patterns and number of nonfatal SDV events.

This study uses a time series method17,18 to examine the temporal 
association between nonfatal SDV and airborne pollen counts. 

METHODS

Data
This study used data on daily emergency department presentations 

for nonfatal SDV. These episodes of care were identified from a 

http://dx.doi.org/10.4088/JCP.15m09864
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structured review of medical records and/or via International 
Classification of Diseases (ICD-9) External Cause of Injury 
Codes (E-codes) E950–E958. Episodes of care attached to 
the E-code E959—late effects of self-harm—were eliminated 
from these analyses because the actual date of injury was 
relatively more uncertain for these events than for those 
represented by E-codes E950–E958, which are acute events. 
While the ICD-9 diagnosis of intentional self-injury includes 
nonsuicidal self-harm and suicide attempts,19 a 2002 CDC 
study20 found that 60%–70% of all emergency department 
events were actual suicide attempts. The nonfatal SDV data 
were extracted from emergency department medical records 
of Parkland Memorial Hospital in Dallas, Texas, from January 

2, 2000, through December 28, 2003 (1,457 days). Parkland 
Hospital is one of the largest public hospitals in the country, 
and at the time of this study was the only Level I trauma 
center in Dallas County and the “gateway” into public 
mental health services for the county. As such, the majority 
of the county’s help-seeking, nonfatal SDV patients would 
have been treated in that facility during those years. Daily 
emergency department visits were defined as the number 
of visits occurring between 00:00 and 24:00 in a single day. 
Daily airborne pollen count data in the Dallas area during 
the same period were extracted from the online database of 
the American Academy of Allergy, Asthma, & Immunology’s 
National Allergy Bureau (http://www.aaaai.org/global/nab-
pollen-counts.aspx).

To examine relationships between pollen counts and 
emergency department visits for SDV, we examined both an 
overlapping period (t) whereby pollen was collected between 
−16 hours and +8 hours from the beginning of emergency 
department data collection, as well as a period of pollen 
collection 1 day prior (t − 1) between −40 hours and −16 
hours prior to the beginning of collection of emergency 
department data (Figure 1). Thus, same-day correlations 
between number of SDV presentations and pollen counts 
were interpreted as 1-day lag correlations between the 
number of today’s presentations and yesterday’s pollen 
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 ■ Prior research suggested a link between pollen levels 
and suicide, but prior studies had not examined the 
relationship between pollen and the more common and 
broader category of suicidal and nonsuicidal behaviors 
termed self-directed violence.

 ■ The risk of suicide as well as self-directed violence may be 
influenced, in part, by pollen levels.

 ■ The relationship between pollen and suicide/self-directed 
violence may help researchers identify new biomarkers 
and mechanisms related to suicide risk.
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Figure 1. Number of Nonfatal Self-Directed Violence Events by Sexa,b

A. Men (n = 1,013)

B. Women (n = 982)

aExtracted from emergency department records dated January 2, 2000–December 28, 2003.
bSolid lines represent kernel smoothing (bandwidth = 3 and degree = 7), and dots represent data points.
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Table 1. ARCH(1) and ARCH(2) Model Fit Test by Sexa for 
Nonfatal Self-Directed Violence Eventsb

Pollen Type

Men 
(n = 1,013)

Women 
(n = 982)

χ2 P > χ2 χ2 P > χ2

Tree
ARCH(1)c 6.53 .01 4.703 .03
ARCH(2)d 9.35 .01 6.302 .04

Grass
ARCH(1)c 7.05 .01 4.738 .03
ARCH(2)d 8.35 .01 5.070 .08

Ragweed
ARCH(1)c 4.22 .04 5.791 .02
ARCH(2)d 6.23 .04 5.821 .05

aH0: no ARCH effects versus H1: ARCH(p) disturbance.
bBold = rejecting H0.
cARCH(1) is the first lag of the squared residuals from regression of daily 

self-directed violence events on pollen. The df for ARCH(1) = 1.
dARCH(2) is the second lag; df = 2.
Abbreviations: ARCH = autoregressive conditional heteroskedasticity, 

ARCH(p) = ARCH process [eg, ARCH(1) is modeling the first lag, whereas 
ARCH(2) is modeling the second], df = degree of freedom, H0 = null 
hypothesis, H1 = alternative/predicted hypothesis.

counts. The classes of airborne pollens considered in the 
study were tree, grass, and ragweed. Types of trees included 
in the study were elm, cedar, sycamore, ash, mulberry, 
hackberry, willow, pecan, walnut, hickory, mountain cedar, 
oak, cottonwood, juniper, and maple, which were common in 
the Dallas area at the time of the study. All the different types 
of tree pollen counts were aggregated into a single variable as 
a tree pollen count. There were missing data on pollen counts 
during the weekends; therefore, weekend pollen levels were 
imputed by last observation carried forward using Stata v.13 
(StataCorp, College Station, Texas).

Model
This study used the following model to examine a 

temporal correlation between daily numbers of emergency 
department presentations for nonfatal SDV and air pollen 
counts, stratified by sex:

[1] Yk
t = α0Pollen countk

t  
  + α1Pollen countk

t−1  
  + Residualkt

where Yt = daily number of emergency department visits due 
to nonfatal SDV at day t; k = type of pollen (tree, grass, and 
ragweed); t = day t; t − 1 = 1 day before day t; Residual = the 
difference of the observed and predicted emergency 
department visits. Equation [1] was run separately per 
pollen type k. Conditional autoregressive heteroskedasticity 
(ARCH) error was defined as follows:

[2]  σ2
t = γ0  

  + ARCH(1)Residual2t−1  
  + ARCH(2)Residual2t−2  
  + GARCH(1)E(Residual2t−1)

where σ2
t = Et−1(Residual2

t) where Et−1 = the conditional 
expectation when conditioning set is composed of past 
values (t−1), and Residualt = σt × εt where σt = time dependent 
standard deviation and εt = Gaussian white noise with a unit 
variance. Equation [2] describes a nonlinear model structure 
of error over time, a generalized ARCH (GARCH) model.

We used the following strategy for the statistical analysis: 
First, we selected a data period of January 2, 2000 through 
December 28, 2003, which followed calendar years. Second, 
we used a nonconstant GARCH model. The nonconstant 
GARCH model imposed an initial condition of no pollen 
and no nonfatal SDV event in examining a temporal relation 
between pollen counts and number of events during the study 
period. The beginning of our data was set to be a day during 
the winter period when no pollen counts were expected 
and, on average, zero suicide attempts were recorded. Third, 
we then computed various permutations of the order of 
autocorrelation (AR) to select lagged periods and examined 
stationarity (constant autocorrelation over time) and 
heteroskedasticity (a regular variation in uncertainty over 
time). ARCH effect in Residual was tested through Stata 
ARCHLM test (Table 1).

Goodness-of-fit was tested by likelihood ratio (LR) 
statistics with a null hypothesis of all coefficients αs = 0, where 

s = lags, 0 = the same day, and 1 = one day prior (t − 1). In 
selecting orders of GARCH model, we tested lags of up to 6 
days. A P value less than .05 suggested statistical significance 
and was used for goodness-of-fit statistics.

RESULTS

During the study period, the total number of patients 
evaluated in the Parkland emergency department for 
nonfatal SDV was 1,995 and of these, 51% (n = 1,013) were 
men and 49% (n = 982) were women. On average, about 
1.21 male and 1.16 female SDV patients were admitted to 
the Parkland emergency department daily during the study 
period. Figure 2 depicts the number of events per day by 
sex, with smoothing lines indicating seasonal fluctuations of 
emergency department visits for treatment of SDV. Figure 3 
shows daily pollen counts in the Dallas area collected during 
the same study period, with tree pollen counts higher than 
grass and ragweed pollen counts. Figure 3 also shows a 
seasonal pattern in pollen counts for each type of pollen in 
the Dallas area. Tree pollens were prevalent except during 
summer, grass pollen reached its peak during spring, and 
ragweed pollen peaked in early fall (September to October). 
The year 2002 showed the largest increase in numbers of 
emergency department visits by women for nonfatal SDV 
compared to the years before and after, and it also was the 
highest year in tree pollen counts during the study period. 
There was a consistent and clear seasonal pattern in the 
grass pollen counts during the study period with increases 
in counts in 2002 and 2003.

Table 2 shows time series estimates of the number of 
emergency-department−treated, nonfatal SDV events 
predicted by pollen counts. There was a statistically 
significant positive correlation between numbers of SDV 
presentations by women at t and same-day (t) or prior-day 
(t − 1) tree pollen counts. As tree pollen counts increase by 
1,000 at t, the estimated number of the same-day, nonfatal 
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SDV presentations by women increased by 56%, and the 
following-day nonfatal SDV presentations by women 
increased by 57%. Numbers of nonfatal SDV presentations by 
men were not significantly correlated with tree pollen counts.

However, for both sexes, the number of daily emergency 
department presentations for nonfatal SDV at t was predicted 
by grass pollen counts at t (the same-day or prior-day counts). 
As grass counts increase by 100 at t, the estimated same-day 
numbers of nonfatal SDV events at t by women and men 
increased by 124% and 95%, respectively. No statistically 
significant correlation was found for either sex between 
number of events and ragweed pollen counts.

Daily numbers of emergency department presentations 
for nonfatal SDV were serially correlated [positive signs 
of ARCH(1), ARCH(2), and GARCH(1)] in Table 2. For 
all 3 types of pollens, the sum of coefficients of ARCH(1), 
ARCH(2), and GARCH(1) was less than 1 (Table 2). This 
implies that the unusual spikes in the numbers of nonfatal 
SDV presentations were stabilized within a short period; 
the increased number of nonfatal SDV presentations started 
declining with an average estimated rate of 95% at t + 1 

[GARCH(1), Table 2]. The lower the sum of coefficients, 
the shorter the period of unusual spikes of number of events.

DISCUSSION

This study found a statistically significant positive 
temporal association between tree pollen counts and 
emergency department presentations for treatment of 
nonfatal SDV among women. The finding is consistent with 
previous studies that found a positive association between 
tree pollen level and suicide rate during the nonwinter season 
in the United States3 and Denmark.21 Numbers of nonfatal 
SDV presentations by women in a given day were predicted 
by tree pollen counts on the same day and up to 2 days 
before, and they were also predicted by grass pollen counts 
on the same day and up to 1 day before. Residuals of pollen 
predicted daily nonfatal SDV presentations and were serially 
correlated. The effect of same-day pollen counts on nonfatal 
SDV was carried into the subsequent day, a day of unusually 
high numbers of nonfatal SDV presentations followed by 
another day high in number of events. However, the unusual 

aExtracted from records for the Dallas area dated January 2, 2000–December 28, 2003.

Figure 2. Pollen Counts by Typea
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spikes of nonfatal SDV presentations observed in a given day 
subsided the following day. In addition, this study found a 
statistically significant temporal association between grass 
pollen counts and the number of presentations by men and 
women for treatment of nonfatal SDV.

Using US county-level data, Postolache and colleagues3 
found a positive association between suicide rate and 
airborne tree pollen counts in nonviolent suicides completed 
by women. Qin and colleagues,10 using Danish population 
data, also demonstrated a positive association between 
suicide rates and tree pollen counts.10 

The current study extends the existing literature, which 
has focused on suicides, by suggesting that emergency 
department presentations for treatment of nonfatal SDV are 
also associated with pollen counts. Not only did this study 
confirm a temporal association between tree pollen counts 
and nonfatal SDV presentations by women, but also linked 
grass pollen counts to the number of emergency department 
presentations for treatment of nonfatal SDV in both sexes. 
Previously, Woo and colleagues4 examined the association 
of grass pollen with suicide rates using US county-level data 

and found evidence of a temporal association between grass 
pollen level and suicide rates between counties. However, this 
positive and statistically significant association disappeared 
after controlling in the model for county variance, and they 
concluded that it might be due to county-specific, unmeasured 
confounding factors such as socioeconomic and health care 
infrastructure variation by county. Possible reasons for the 
differences in findings between the current study and the 
study by Woo and colleagues4 include the assessment of 
emergency department presentations for nonfatal SDV (vs 
counts of suicide) and the use of data from Dallas County, 
a county with very high spring pollen counts (vs multiple-
county data). Because presentations in the emergency 
department for treatment of nonfatal SDV are much more 
common than suicides, this finding may facilitate further 
research by allowing for prospective studies of survivors of 
intentionally self-inflicted injuries or overdoses. 

This study is also, to our knowledge, the first in this research 
area that used data from a more southern geographical area 
of the northern hemisphere, where seasonal variation in 
daylight is much less than in more northern latitudes. This 

Figure 3. Autocorrelation Plots of Nonfatal Self-Directed Violence Events by Sexa,b
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A. Men (n = 1,013)

B. Women (n = 982)

aHorizontal axis represents lag (q), which is the difference in time (d) by which 1 observation lags behind (or is later than) another. Vertical axis represents 

autocorrelation calculated by Bartlett formula  where N = sample size, r = Pearson correlation, i = the number of autocorrelations  
(ie, the autocorrelation factors), and q = lag.

bThe gray area is 95% confidence area. Data points outside of the gray area indicate significant autocorrelations between 2 time points with q difference;  
q = 1 indicates adjacent periods.
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lower latitude could have implications for the findings as 
well, given the well-established negative effects of ground-
level ozone on air quality, which may increase the impact 
of pollen on inflammatory markers.22,23 The nonsignificant 
relationship between ragweed pollen counts and nonfatal 
SDV may be due to lack of ragweed pollen count variation 
contributed by a much shorter period of ragweed production 
than of other pollens.

Seasonality has been studied in relation to suicide 
and suicidal ideation24 and by subgroups with specific 
medical conditions, such as atopic disorder25 and seasonal 
allergies.21 The findings from the current study, along with 
earlier reports on pollen’s association with suicides, provide 
a possible link between cyclic variation in environmental 
factors (seasonality) and suicidal patterns. Environmental 
factors such as temperature, sunshine, humidity, and 
wind can impact density of pollen counts and content 
of aeroallergens.26 However, this study used unadjusted 
pollen counts because adjusted pollen counts for these 
environmental factors might increase type II error, failing 
to reject a null hypothesis when there is a true positive 
correlation between pollen and SDV.

The mechanism linking pollen with SDV is not known. 
Potential mechanisms include inflammatory and immune 
responses to the pollen. Vulnerability can be identified in 
terms of inflammation biomarkers such as elevated levels of 
interleukin-6 among depressed patients27,28 and significantly 

Table 2. Non-Constant ARCH(1), ARCH(2), and GARCH(1)a Estimates of Number of 
Nonfatal Self-Directed Violence Events by Sexb

Men (n = 1,013) Women (n = 982)

Pollen Type Estimate
OPG 

Standard Error P > zc Estimate
OPG 

Standard Error P > zc

Treed 
(1,000 counts)

α0 0.31 0.24 .19 0.57 0.28 .04
α1 0.42 0.23 .07 0.56 0.28 .04
ARCH(1) 0.05 0.03 .08 0.06 0.03 .05
ARCH(2) −0.02 0.03 .57 −0.02 0.03 .53
GARCH(1) 0.94 0.02 < .0001 0.95 0.01 < .0001
γ0 0.05 0.02 .03 0.02 0.01 .01

Grasse 
(100 counts)

α0 0.95 0.43 .03 1.24 0.35 < .0001
α1 0.77 0.44 .08 0.61 0.35 .08
ARCH(1)c 0.07 0.03 .03 0.07 0.03 .03
ARCH(2)c −0.04 0.03 .19 −0.03 0.03 .29
GARCH(1)c 0.95 0.01 < .0001 0.96 0.01 < .0001
γ0 0.04 0.02 .02 0.03 0.01 .029

Ragweedf 
(100 counts)

α0 0.16 0.14 .26 0.29 0.16 .079
α1 0.11 0.14 .42 0.08 0.16 .62
ARCH(1) 0.04 0.03 .16 0.06 0.29 .02
ARCH(2) −0.003 0.03 .89 −0.03 0.03 .30
GARCH(1) 0.94 0.02 < .0001 0.96 0.01 < .0001
γ0 0.05 0.02 .01 0.02 0.01 .02

aARCH(1) and ARCH(2) are the first lag of the squared residuals from regression of daily self-directed violence 
events on pollen and the second lag, respectively. GARCH(1) is the first lag of the conditional variance.

bDependent variable is number of daily self-directed violence events. Pollen counts are measured in  
grains/m3. Convergence achieved within 11 iterations. 

cz = estimate divided by standard error. Bold P values indicate statistically significant estimates.
dLR = −2,751.77, Wald χ2

2 = 83.88, P < .0001 for men; LR = −2,701.18, Wald χ2
2 = 84.51, P < .0001 for women.

eLR = −2,732.76, Wald χ2
2 = 119.35, P < .0001 for men; LR = −2,694.06, Wald χ2

2 = 159.83, P < .0001 for women.
fLR = −2,761.41, Wald χ2

2 = 29.84, P < .0001 for men; LR = −2,712.32, Wald χ2
2(2) = 44.71, P < .0001 for women.

Abbreviations: α0 = the intercept of the ARCH model (ie, estimated emergency department visits when 
pollen count is 0), α1 = the slope of the ARCH model (ie, change in estimated emergency department 
visits over time), ARCH = autoregressive conditional heteroscedasticity, γ0 = the intercept of the GARCH 
model (ie, overall average variance), GARCH = generalized autoregressive conditional heteroskedasticity, 
LR = likelihood ratio, OPG = outer product of the gradient.

lower levels of interleukin-8 and cerebrospinal fluid vascular 
endothelial growth factor29 among those presenting with 
acts of SDV. One underlying mechanism accounting for the 
temporal association between airborne pollen and suicides 
is inflammatory cytokines attributed to major depressive 
disorder (MDD).30 Allergen-specific T Helper 2 (Th2) 
cytokines cells have been identified in affected tissues of 
allergic patients, which underscores that allergen-specific 
T cells play a role in atopic allergies.31 In addition, pollen 
itself can induce oxidative stress in airways and can activate 
innate immune cells such as dendritic cells to produce 
proinflammatory cytokines.32,33 Inflammation may also 
play a role in the pathophysiology of nonfatal SDV for those 
who were vulnerable to proinflammatory cytokine–induced 
depression. Cytokine immunotherapy is associated with 
worsening depressive symptoms for individuals with risk 
factors for MDD prior to the immunotherapy.34 Murine 
studies illustrate that exposure to allergens in sensitized 
animals can induce avoidance behavior and activation of 
limbic brain regions.35–37 Other rodent models have shown 
that sensitization and challenge with allergens (including tree 
pollens) induced anxiety in rodents paralleled by an increase 
in Th2 cytokines in the prefrontal cortex.38 In addition, 
human data support these animal studies with evidence 
of increased expression of the Th2 cytokines interleukin-4 
and interleukin-13 in the orbitofrontal cortex of suicide 
victims.39 Finally, use of intranasal corticosteroids, typically 
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for the treatment of allergic rhinitis, has been associated with 
a lower risk of suicide.40

A number of studies report regional differences in 
the seasonality of suicide, with the highest association 
in countries with more pronounced seasonal variation 
in sunshine irradiance followed by those with temperate 
climate zones; no association was found in tropical regions, 
attributing this effect to increased exposure to sunshine.9,41 
This alternate suggested mechanism of action does not involve 
inflammatory pathways but is instead analogous to effects 
observed with pharmacologic interventions on serotonergic 
neurotransmission, namely the correlation between increased 
agitation and suicides with use of selective serotonin reuptake 
inhibitors.42 Currently, there is conflicting evidence for 
this theory as some studies report rapid improvements in 
mood associated with light therapy,43,44 while other studies 
question antidepressant-induced suicidality.45 As hours of 
sunshine do correlate with pollen levels, the pollen-induced 
inflammatory pathway toward increased suicidality is a 
grounded underlying mechanism for the seasonality of SDV.

Methodological approaches used in prior studies have 
varied in the size of the geographic region studied, the time 
period examined, and model selection. However, all of these 
studies aggregated daily pollen data to weekly or quarterly 
data to make pollen data comparable to available suicide rate 
data. While aggregation of pollen data is necessary to examine 
rare events like counts of suicide, it cannot capture day-to-
day variation in airborne pollen counts, and particularly not 
during peak season. Thus, analyzing daily data using a time 
series model, GARCH, provides a more sensitive metric 
for determining a temporal relationship between suicides/
nonfatal SDV and pollen counts when pollen counts and 
suicides fluctuate daily.

Our pollen data are from an area with wide seasonal 
variability in pollen counts, and our medical records data 
comprise sufficient numbers of nonfatal events to support 
advanced modeling; together, these represent a final strength of 
this study. There are also several potential limitations to these 
findings. First, the nonconstant GARCH model predictability 
is highly sensitive to selection of the data period. Our analysis 
is based on the assumption that there was a period of time 
when there were virtually no airborne pollens or emergency 
department presentations for nonfatal SDV, and it used a 
time period at the beginning of each January when there was 
no airborne pollen and no such events. If this assumption is 
violated, a positive temporal association between events and 
pollen counts is not guaranteed, which is a well-documented 
limitation in a time series analysis.46 Second, although the 
Parkland Hospital emergency department was by far the 
largest in Dallas County at the time of the study, daily event 
counts could have been differentially affected by numbers of 
events presenting to other care sites. Counts of emergency 
department presentations relied on structured medical 
record review and E-code diagnoses during a period when 
recording the intent of an injury episode was not required in 
medical records; therefore, some nonfatal SDV events were 
more likely not picked up by our case identification protocol. 

Thus, the study results may be subject to a selection bias 
and measurement errors. Third, although we assume that 
most self-inflicted injuries presented for care within minutes 
to hours after the act, the time period between the event 
and presentation for care—and thus the lag between pollen 
count change and emergency department presentation for 
care after nonfatal SDV—cannot be precisely measured 
with our approach. Fourth, this study used aggregated data; 
thus, the current model did not consider individual variance 
of exposure and proximity to the sources of the pollen. 
Variation in time spent indoors, as well as the environment 
and exact location in which patients lived or worked, might 
alter the degree and timing of exposure to the pollens studied. 
Finally, this study did not explore pollen count association 
with other climatic factors such as sunshine, temperature, 
and humidity, which may temporally affect the propensity 
toward suicide deaths.42 Other climatic factors could be used 
in multiple imputation of missing weekend pollen data47 as 
auxiliary information in future studies. Multiple imputations 
using auxiliary information has been proven to improve 
efficiency of regression estimation when auxiliary data 
(climatic factors) are moderately associated with partially 
observed data such as weekend pollen counts.48

To our knowledge, this study is the first to find a positive 
association between seasonal variation in tree and grass 
pollen levels and suicidal behavior patterns by using data 
on nonfatal SDV events, which are more frequent than 
suicides. When combined with prior literature, the findings 
from the current study suggest that pollen count may be a 
factor that influences the established seasonality of suicide. 
A future prospective study is needed to explore underlying 
neurobiological mechanisms mediating the relationship 
between pollen levels and nonfatal SDV.
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