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Abstract

This study investigated how nighttime temperatures influence suicidal help-seeking
behavior via theorized pathways: sleep disruption, impulsivity, social isolation, and
unmet basic needs. We analyzed 11,684 suicide hotline risk assessments (Lou-
isiana, USA). Distributed lag nonlinear models quantified temperature associa-

tions with standardized suicide risk factors during minimum temperature extremes
(=10th, 2 90th percentiles). Natural language processing on counselor notes identi-
fied help-seeking crisis contexts; generalized additive models examine associations
between crisis contexts and temperature exposure. Stratified demographic anal-
yses provide exploratory insights into mechanistic pathways across populations.
Suicide-related help-seeking increased dramatically with rising nighttime tempera-
tures: 19% at the 90th percentile (PR=1.19, 95% CI: 1.10-1.29), 55% at the 95th
percentile (PR=1.55, 95% CI: 1.44-1.68), and 166% at the 99th percentile (PR=2.66,
95% Cl: 2.42-2.92); an estimated absolute increase of 19 suicide calls per 100 crisis
calls in the two days following hot nights. These increases were accompanied by
sleep difficulties (+146% at 99th percentile), expressed intent to die (+163% at 99th
percentile), availability of lethal means (+145% at 99th percentile), and few future
plans (+224% at 99th percentile). Crises related to mental health (+20.9%) and basic
needs (+59.9%) increased at the 90th percentile; sleep was more prevalent at cold
temperatures (+68.1% at 10th; -31.9% at 90th). Youth, women, and Black clients
were associated with mental health mentions at high temperatures; youth were also
associated with increases in isolation. Black clients and men mentioned substance
use more during high temperatures. Temperature extremes exacerbate suicide risk
pathways, notably sleep disruption, substance use and impulsivity, essential needs
stress, and social isolation. Results are most applicable to other humid subtropical
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climates with similar sociodemographics and should be interpreted as exploratory
due to high demographic missingness. Findings inform proactive interventions, such
as temperature-triggered staffing protocols and integration of basic needs support
into suicide prevention during extreme weather events.

1. Introduction

The relationship between ambient temperature and suicide risk is one of the most
consistent findings in environmental health research. Extensive literature has identi-
fied a strong link between high temperatures and increased risk of suicidality [1—4],
with estimates suggesting that temperature can explain between 15% [5] and 60%
[6] of the variability in suicide rates worldwide. Prior work highlights that the effects
of temperature extremes on suicidality differ among youth, women [7,8], older adults
[5], and Hispanic individuals [7], who are particularly vulnerable. However, the reli-
ance of this literature on mortality data [2] can obscure the mechanisms connecting
temperature exposure to suicide risk. Understanding crisis help-seeking patterns
and precipitating stressors during temperature extremes can inform how and when
to intervene, thereby reducing barriers to translating epidemiological evidence into
effective prevention practices.

Four primary theoretical pathways can help understand the relationship
between temperature and suicidality. Two pathways are behavioral in nature: the
temperature-aggression hypothesis [9,10] and the routine activity theory [11], the
third is physiological, driven by poor sleep [12], and the fourth, the motivation-
volitional theory, is driven by entrapment and defeat [13], which are exacerbated by
economic and resource stress [14]. The temperature-aggression hypothesis posits
that heat physiologically increases impulsivity [15,16], aggression [15], violence
[17,18] and self-harm [19]. Indeed, prior work has found that interpersonal violence
[20], impulsivity [16], and abuse against women [21] are higher during periods of hot
ambient temperatures. Another behavioral pathway, the routine activity theory, posits
that extreme temperatures change an individual’s routine, potentially increasing
opportunities for interpersonal conflicts and crime [11], with social isolation identified
as a particularly important temperature-related risk factor among older adults [22].
Sleep disruption and cognitive impairment, physiological pathways which increase
during extreme heat, mediate the temperature-suicide relationship, contributing to
increased incidence of suicide deaths and attempts [12]. Reports of poor sleep and
reduced cognitive functioning are more common during high temperatures, offering
evidence to this pathway [23—-26]. Finally, the integrated motivation-volitional theory
offers a lens to understanding that extreme temperature events can trigger cascading
disruptions in access to basic resources, compounding psychological distress among
already vulnerable populations [14]. The integrated motivational—volitional theoret-
ical model of suicide offers a useful framework for understanding this relationship
suggesting that basic needs stressors, such as energy poverty and economic hard-
ship, can generate a sense of entrapment and hopelessness that escalates suicidal
ideation and behavior [13,14].
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Despite supporting evidence, retrospective mortality and morbidity studies are often unable to measure the upstream
mechanisms that drive temperature-related crises, thereby hindering the development of targeted prevention strategies.
Furthermore, while a large body of research has linked high temperatures with increased suicidality, emerging evidence
highlights that extreme cold weather events (e.g., ice storms) are significantly associated with long-term increases in
suicide-related burdens [27] and depression [28]; this work stresses the need for a more critical lens into extreme tem-
peratures and suicide. Additional empirical evidence regarding precipitating concerns and help-seeking behaviors in the
context of temperature extremes, both hot and cold, is needed to fill a critical gap in climate-suicide research with urgent
implications for policy and prevention.

Despite robust evidence linking high temperatures to suicide risk, the co-occurring stressors and precipitating contexts
remain largely unexamined. We address this gap by analyzing real-time crisis hotline data from Louisiana, a state expe-
riencing both extreme heat (humid subtropical climate) and extreme cold events (e.g., Severe Winter Storm Uri in 2021),
to identify not only when but why people seek suicide-related help during temperature extremes. Using natural language
processing on counselor narratives, coupled with distributed lag nonlinear models, we test whether specific stressors align
with theoretical pathways: sleep disruption (physiological pathway), aggression and impulsivity (temperature-aggression
pathway), isolation and interpersonal conflict (routine activity pathway), and basic needs stress (motivational-volitional
pathway). We hypothesize that these mechanisms will manifest differently across hot versus cold extremes and demo-
graphic groups (age, gender, race), with thematic analyses revealing additional context on population-specific vulnera-
bilities. By capturing crisis help-seeking patterns before potential suicide attempts, this approach helps reveal actionable
intervention targets invisible in mortality data.

2. Methods
2.1 Study area

Louisiana, located in the southern United States, is home to an estimated 4.5 million people [29]. Sociodemographically,
the population is estimated to be 56.6% non-Hispanic white, 32.6% non-Hispanic Black, and 7.3% Hispanic; approxi-
mately 18.9% of the population lives in poverty, and an estimated 85% of households have broadband internet access
[29]. Characterized by a humid subtropical climate, winters are relatively mild and short-lived, and summers are hot [30].
While daytime temperatures in Louisiana have not increased substantially in the recent climate record (i.e., mid-20th cen-
tury - present), minimum temperatures, a proxy for nighttime temperatures, have risen consistently since 2000 [30]. Louisi-
ana’s climate is partially influenced by its proximity to the Atlantic Gulf Coast; precipitation occurs throughout the year, and
hurricanes are a semi-regular occurrence, with an average of one hurricane hitting the state every three years [30].

The coldest minimum temperatures <10th percentile were observed in central Louisiana, encompassing the Baton
Rouge metropolitan area, while the hottest minimum temperatures 290th percentile were observed in the New Orleans
metropolitan area (Fig 1). The percentage of crisis conversations is highest in southeast Louisiana, particularly in Baton
Rouge and New Orleans, corresponding to the primary service area of VIA LINK [31].

2.2 Suicide help-seeking data

Suicide-related crisis data were obtained from VIA LINK, a non-profit crisis organization offering free 24/7 crisis and infor-
mation services, operating numerous lines in the region, including national hotlines like 988 and 211 [31]. Individuals in cri-
sis can call, chat, or text to be paired with trained crisis counselors, who provide emotional support, referrals, information,
and crisis counseling. VIA LINK is the primary operator for 988 in the state, contracting with the National Crisis Hotline to
provide free crisis services to clients in Louisiana. VIA LINK also operates the Teen Crisis Textline, a targeted crisis and
mental health hotline for youth in Louisiana, can be reached by dialing 833-TXT-TEEN (https://vialink.org/teen-text-pro-
gram/) [31]. When VIA LINK clients exhibit suicide-related behaviors or share that they have experienced suicidal thoughts
within the last 24 hours, crisis counselors are required to conduct standardized suicide risk assessments (SRAs).
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Fig 1. Panel map of Louisiana depicting (A) median minimum temperatures at the 10th percentile, (B) median minimum temperatures at the
90th percentile, and (C) percent of suicide crisis calls by county. The three largest urban areas are labeled (New Orleans, Baton Rouge, Shreve-
port). Temperature data was obtained from PRISM; suicide conversation data from VIA LINK (2019-2023). ‘Map image is the intellectual property of Esri
and is used herein under license. Copyright © 2025 Esri and its licensors. All rights reserved. Basemap is ESRI World Light Gray Base (https://www.
arcgis.com/home/item.html?id=ed712cb1db3e4bae9e85329040fb9a49).".

https://doi.org/10.1371/journal.pmen.0000501.9001

Anonymized crisis hotline data was obtained through a data use agreement and includes narrative statements from the
crisis counselors (i.e., conversation notes), providing contextual information on caller-identified suicide-related concerns.
Counselor-collected demographic information (e.g., age, gender and race and ethnicity) is available for roughly 35% of
conversations [age (available for ~44% of conversations), race and ethnicity (available for ~20% of conversations), and
gender (available for ~65% of conversations)]; counselors also collect geographic information (e.g., county of residence),
enabling place-based analysis. Data for this analysis consists of individuals who contacted crisis hotlines operated by VIA
LINK and qualified for a SRA (i.e., active suicide ideation).

2.2.1 Clinician-assessed suicide risk. We analyzed crisis call data from 2019 to 2023 involving a SRA, yielding
a sample of 11,684 cases. For each call, we derived binary indicators for five counselor-coded risk factors required for
assessment during the SRA: decreased sleep, expressed intent to die, access to lethal means, few future plans, and
difficulty engaging with counselors. These suicidal risk factors serve as proxies for established suicide risk correlates such
as impulsivity and physiological dysregulation (Joiner et al., 2007). We opted for binary indicators rather than continuous
measures to facilitate the construction of a daily, county-level time series representing the number of crisis calls per
county per day.

2.2.2 Conversation-derived help-seeking themes. As a secondary indicator for suicidal mechanisms, we used
an exploratory approach leveraging natural language processing to identify pre-specified crisis concern themes within
conversation notes as a proxy for help-seeking context, including sleep, mental health, substance use, isolation,
interpersonal stressors, and basic needs (i.e., housing, air conditioning, and utilities) (see S1 Table). Counselor call
reports (i.e., narrative transcripts) were tokenized, lower-cased, and stemmed [32]. Custom keyword dictionaries were
developed for each theme based on manual review of a random subset of 500 narratives and established associations
with both suicide risk and extreme weather exposure, such as sleep disruption [33], isolation [22], and interpersonal stress
[20]. Conversations were classified as mentioning a theme if they contained at least one keyword. Theme counts were
aggregated to the daily level by county.
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To establish inter-rater reliability, a coder manually coded a subset of 100 random narratives and compared man-
ual coding to NLP-derived themes using Cohen’s kappa coefficient (k ranges 0—1). Overall, the inter-rater reliability (k)
between manual and NLP-derived coding was: 0.95. No discrepancy was observed for basic needs, mental health, inter-
personal and substance use (k: 1.0). False positives were present for sleep (k: 0.72) attributed to keyword detection out
of context (e.g., tired of school) and for isolation (k: 0.72) attributed to ‘disconnect’ and ‘disconnected’ in the context of call
connection (e.g., call disconnected). As an additional check, a subset of 50 narratives was manually coded by two inde-
pendent coders, the overall k was 0.90 [basic needs: 1.0; mental health: 1.0; isolation: 0.70; substance use: 1.0; sleep:
0.70; interpersonal: 1.0]. As with the prior check, false positives were present for sleep (k: 0.70) attributed to keyword
detection out of context (e.g., tired of school) and for isolation (k: 0.70) attributed to ‘disconnect’ and ‘disconnected’ in the
context of call connection (e.g., call disconnected), which were treated differently between the two coders. Thematic iden-
tification utilized R packages, including tidytext, stringr, and custom keyword dictionaries, which were validated against a
manual coding of a subset of conversations [34—36].

For this work, clinician-assessed refers to standardized suicide risk measures assessed by crisis counselors;
help-seeking themes refers to NLP-derived context from crisis narratives. Mechanistic pathways (i.e., sleep disruption,
aggression/impulsivity, interpersonal stress, and essential needs stress) are empirically tested using both the clinician
assessed risk factors and help-seeking themes.

2.2.3 Mechanistic pathways. To empirically examine the four proposed mechanistic pathways, we leverage both
clinician-assessed risk factors and NLP-derived help-seeking themes [1]. The temperature-aggression pathway was
assessed using clinician-assessed indicators of impulsivity, including few future plans and expressed intent to die and
NLP-derived substance use theme [2,15,16]. The routine activity theory was captured through difficulty engaging with
crisis counselors (clinician-assessed) and NLP-derived help-seeking themes of isolation and interpersonal stress [3,11].
Physiological disruption to sleep was measured via clinician-assessed poor sleep and the NLP-identified help-seeking
theme of sleep [4,12]. Finally, the motivation-volitional theory was assessed using the NLP-derived help-seeking theme of
unmet basic needs and clinician-assessed access to lethal means [13,14].

2.3 Temperature data

Daily temperature data were obtained at 4 km grid intervals from PRISM at Oregon State [37]. Data was aggregated to the
county level, with minimum temperatures derived by county as a daily time-series over five years, covering the period from
January 1, 2019 to December 31, 2023. We prioritized minimum temperature as the primary exposure because it better
represents nighttime conditions when sleep disruption occurs and has shown stronger associations with human health
outcomes than daytime maximum [38]. Sensitivity analyses were also conducted for maximum and average temperature,
common temperature measures in the suicide literature [2].

Temperature extremes were defined using percentile thresholds rather than absolute values to account for
local adaptation and climate variability [39]. This relative approach has been validated in multi-country studies of
temperature-mortality relationships, which found that populations exhibit adaptation to their local climate, making
percentile-based thresholds more epidemiologically meaningful than fixed absolute values [4]. Hot days were identi-
fied as those with a minimum temperature at or above the 90th, 95th, and 99th percentiles. Cold days were defined as
<10th, < 5th, and <1st percentiles of minimum temperature.

2.4 Covariates

Our time period of 2019-23 encompasses the COVID-19 pandemic and multiple major hurricanes in Louisiana (e.g.,
Laura (2020), Ida (2021)). We adjust for these events using binary indicators (1/0). The pandemic is defined as the period
from March 11, 2020, to May 11, 2023, aligning with the United States Public Health Emergency declaration [40]. Tropi-
cal cyclones exposures were assigned to county centroids within 50 miles of a tropical storm track on that day using the
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National Oceanic and Atmospheric Administration HURDAT storm track [41] data. Additional model covariates included
year, day of week, and precipitation.

Individual-level covariates were considered in exploratory stratified analyses for age (young people aged 24 and under,
and adults aged 25 and over), race (Black and White), and gender (male and female).

2.5 Statistical analysis

2.5.1 Distributed lag nonlinear models - Suicide risk. A small-area distributed lag nonlinear model (DLNM) was
employed to model the lagged association between daily county minimum temperatures and suicide crisis calls, as well
as counselor-coded risk factors. The small area approach is an extension of the DLNM, which allows for inclusion of
geographic areas with small populations (e.g., rural communities) [42]. The DLNM approach and related extensions have
been applied in prior temperature-mental health work [43—45].

This analysis employed a quasi-Poisson distribution to estimate the prevalence ratio (PR) of suicide-related service
calls and accompanying risk factors (e.g., poor sleep, intent to die) on the day of and up to two days following days at or
above the 90th, 95th and 99th minimum temperature percentiles (high temperatures) and at or below the 10th, 5th and 1st
temperature percentiles (cold temperatures) [4].

DLNM models include a cross-basis function, which is a matrix that considers both exposure (temperature) and out-
come (suicide-related help-seeking) for each lag period (i.e., 0—2 days). The cross-basis was created for each county
using a natural spline with 3 knots placed at the 25th, 50th, and 75th temperature percentiles following the established lit-
erature (Y. Kim et al., 2019; Wu et al., 2024). The cross-basis matrix becomes the main predictor value in the generalized
linear model, which adjusts for year, day of week, and precipitation (Y. Kim et al., 2019; Ulrich et al., 2025) The COVID-19
pandemic and exposure to tropical cyclones were accounted for using binary variables.

Results are reported as prevalence ratios (PR), calculated as the prevalence (or risk) of suicide crisis calls at tempera-
ture extremes (i.e., 90th, 95th, 99th, 10th, 50th, 1st) compared to the median temperature. Absolute risk difference (ARD)
estimates contextualize results, reporting the predicted increase or decrease in call volume corresponding to the preva-
lence ratio estimates. ARD was calculated using ARD: a x (PR-1)/ PR, where PR represents the prevalence (risk) ratio
for suicide risk where a reflects the baseline rate of HRI at the 50th percentile, scaled per 100 individuals (i.e., [SRA count
at 50th/ total SRA count] x 100). Significance was derived at a<0.05. All analyses were conducted in R using the dimn
package [35,46].

2.5.2 Generalized additive models - Help-seeking crisis concerns. Daily temperature effects on help-seeking
themes were examined using generalized additive models (GAMs) with penalized smoothing splines (k=8). GAMs,
as with DLNMs, model lagged and additive effects. We elected to use GAM models for help-seeking crisis concern
theme analysis, as they are better equipped to handle smaller sample sizes compared to DLNMs [47,48], and several
temperature-needs associations exhibited linear rather than non-linear associations. Following the modelling parameters
used in the DLNM, we apply a two-day lag structure and model minimum temperature. The models adjust for day of
the week and year to account for seasonal and weekly trends in help-seeking. The effective degrees of freedom (EDF)
indicate the complexity of the temperature-theme association, with EDF =1 representing linear effects and higher values
indicating non-linear patterns. The minimum ambient temperature was used as the primary predictor, with significance
derived at the 10th and 90th temperature percentiles at a<0.05. GAMs were run in R using the ‘mgcv’ package [35,49].

2.6 Sensitivity analyses

We also conducted DLNM analyses using average and maximum temperatures, and an extended lag structure (0-10
days, e.g., [50]) to capture the full spectrum of thermal exposures and potential delayed effects in suicide-related
help-seeking. While minimum temperatures are relevant for sleep disruption and nighttime vulnerability, average and
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maximum temperatures may influence different behavioral and physiological pathways, such as daytime exposure, activity
patterns, and cumulative heat stress.

Additional sensitivities were stratified by demographics [age (available for ~44% of conversations) (youth <24
andadults 225 years), race (available for ~20% of conversations) (White and Black/African American), and gender
(available for ~65% of conversations) (men and women)]. Despite the reduced sample sizes in some subgroups, this
demographic stratification provides important exploratory insights into differential heat-related mental health impacts.Ad-
ditionally, we included a moderation analysis in our GAMs as a sensitivity, where we tested moderation by sleep, includ-
ing a sleep x mental health interaction term in a GAM with the same model parameters as above. The significance of the
interaction was tested with an ANOVA (a<0.05). Stratified analyses compare interaction between sleep and mental health
at temperature extremes for cold (<10th percentile), normal (10-90th percentiles), and hot (>90th percentile) minimum
temperatures. We also conducted GAM analyses stratified by demographics (age groups: <24, > 25; gender: men, women;
race/ethnicity: white, Black) using the same parameters as our DLNM analysis.

3. Results
3.1 Descriptive statistics

Among 11,684 suicide risk assessments (2019—2023), demographic data were available for 21-66% of calls. The sample
was predominantly adults 225 years (52.8%), white (52.2%), and women (55.9%) (Table 1). These demographics are sim-
ilar to that of Louisiana: population ages 25 and over (~68%), white (56.6%) and women (51.0%), though our sample has
higher representation of youth (47.2% in our sample vs 32.7% in Louisiana), Black help-seekers (40% in our sample vs
30.8% in Louisiana), and women (55.9% in our sample vs 51% in Louisiana), compared to the general Louisiana popula-
tion (US Census, 2020).

Of the counselor-coded suicide risk indicators, which are assessed for all at-risk clients (e.g., our entire sample), diffi-
culty sleeping (43%) and an expressed intent to die (57%) are the most common in this sample. Across help-seeking crisis
concerns derived from NLP, interpersonal concerns (39.9%) and mental health (27%) were mentioned most frequently by
users. Gender representation shifted with temperature extremes (men: 47.2% during heat; women: 61.2% during cold).
Cold temperatures showed the highest proportions for most clinician-assessed risk indicators and help-seeking crisis
concerns.

Temperature extremes exhibited the expected seasonal patterns: hot events (290th percentile) occurred predominantly
from June to September, while cold events (<10th percentile) clustered from December to February. 2023 had the highest
occurrence of extreme heat events, while 2021-2022 experienced the most extreme cold, coinciding with Winter Storm
Uri and other severe weather events (S1 Fig).

3.2 Distributed lag nonlinear models

Suicide-related help-seeking showed a J-curve dose-response relationship with minimum temperature, with dramatic
increases at extreme heat (Fig 2). Call volume increased 19% at the 90th percentile (PR=1.19, 95% CI: 1.10-1.29), 55%
at the 95th percentile (PR=1.55, 95% ClI: 1.44-1.68), and 166% at the 99th percentile (PR=2.66, 95% CI: 2.42-2.92).
These risk estimates translate to 7 fewer calls/100 callers at the coldest temperatures (Absolute Risk Difference (ARD: -7)
and 19 additional calls per 100 calls at the hottest temperatures (ARD: 19) (Table 2).

All counselor-coded risk factors followed similar dose-dependent patterns: 12—26% increases at the 90th percentile (PR
range: 1.12-1.26; ARD 0-2), 43-72% at the 95th percentile (PR range: 1.43-1.72; ARD: 1-6 additional calls per 100 calls),
and 135-224% at the 99th percentile (PR range: 2.35-3.24, all p<0.05; ARD: 5-19 additional calls per 100 calls). Few
future plans (PR=3.24, 95% CI: 2.82-3.72; ARD: 10 additional calls/100 calls) and expressed intent to die (PR=2.63, 95%
Cl: 2.35-2.96; ARD: 12 additional calls/100 calls) showed the largest increases for extreme heat (Fig 2 and Table 2).
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Table 1. Demographics summary of suicide-related crisis conversations for the entire sample, and those above the 90th and below the 10th
percentiles of minimum temperature.

Variable Overall (%) 90th Percentile 10th Percentile
11,684 1,236 1,168
Age (44.1% of sample)
Youth 24 and Under 2426 (47.2) 240 (45.9) 229 (45.6)
Adults 25 and Over 2723 (52.8) 283 (54.1) 273 (54.4)
Race and Ethnicity (21.7% of sample)
Black/ African American 1018 (40.0) 100 (36.9) 106 (40.5)
Hispanic/ Latino 80 (3.1) 7 (2.6) 7(2.7)
Other and Mixed Race 114 (4.7) 12 (4.5) 10 (3.8)
White 1328 (52.2) 152 (56.1) 139 (53.1)
Gender (65.6% of sample)
Female/Woman 4285 (55.9) 387 (52.2) 498 (61.2)
Male/Man 3281 (42.8) 350 (47.2) 309 (38.0)
TGD 99 (1.3) 4 (0.5) 7(0.9)
Clinician Assessed Suicide Risk Factors* (100% of sample)
Availability of Means 3165 (27.1) 324 (26.2) 353 (30.2)
Difficulty Sleeping 5019 (43.0) 531 (43.0) 507 (43.4)
Preparatory Behaviors 2163 (18.5) 206 (16.7) 242 (20.7)
Expressed Intent to Die 6661 (57.0) 716 (57.9) 649 (55.6)
Little Engagement with Crisis Counselor 2537 (21.7) 283 (22.9) 245 (21.0)
Few Future Plans 3657 (31.3) 423 (34.2) 380 (32.5)
Help-Seeking Crisis Concerns+ (100% of sample)
Basic Needs 735 (6.3) 71(5.7) 85 (7.3)
Mental Health 3158 (27.0) 317 (25.6) 346 (29.6)
Substance 308 (2.6) 30 (2.4) 35 (3.0)
Interpersonal 4662 (39.9) 481 (38.9) 485 (41.5)
Sleep 501 (4.3) 54 (4.4) 59 (5.1)
Isolation 1257 (10.8) 94 (7.6) 140 (12.0)

*Derived from established suicide risk assessments given to all clients.
+Caller identified concerns isolated with thematic analysis and natural language processing from narrative statements available in each call report.

https://doi.org/10.1371/journal.pmen.0000501.t001

Effects were strongest on exposure day (lag 0), with a U-shaped pattern showing renewed risk at lag 2 (Table 2 and S2
Fig). This pattern persisted in the extended 10-day lag analyses (S3 Tables).

3.2.1 Extreme cold associations. Extreme cold showed opposing patterns to heat, with overall reductions in help-
seeking: 33% decrease at the 10th percentile (PR=0.67, 95% CI: 0.60-0.74), 45% at the 5th percentile (PR=0.55, 95%
Cl: 0.49-0.61), and 60% at the 1st percentile (PR=0.40, 95% CI: 0.34-0.48). These estimates translate to 7 fewer calls per
100 calls at the coldest temperatures (ARD: -7) and 4 fewer calls on days below the 10th percentile (ARD: -4).

However, subgroup analyses revealed important exceptions. During cold temperatures, availability of means increased
47% among adults (PR10th: 1.47, Cl: 1.05-2.05) and 34% among women (PR10th: 1.34, CI: 1.04-1.73). Men showed
41% higher risk for few future plans during extreme cold (PR1st: 1.41, Cl: 1.03-1.94). Effects were most pronounced on
exposure day (Table 3, Fig 3 and S2 Table).

3.2.2 Sensitivity analyses with average and maximum temperature. Average temperature showed attenuated but
similar patterns to minimum temperature, with suicide calls increasing 8% (PR=1.08, 95% CI: 1.00-1.17), 18% (PR=1.18,
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Fig 2. Prevalence ratio estimates for daily minimum temperature derived from distributed lag non-linear models using a 2-day lag. Prevalence
estimates are in relation to median temperature (i.e., 50th percentile). Significant percentiles marked with dotted lines.

https://doi.org/10.1371/journal.pmen.0000501.g002

95% CI: 1.09-1.28), and 49% (PR=1.49, 95% CI: 1.32-1.67) at the 90th, 95th, and 99th percentiles, respectively (S4
Table).

Maximum temperature paradoxically showed protective effects at both extremes for suicide calls (PR: 0.50-0.89) and
difficulty sleeping (PR: 0.60-0.88), supporting our focus on nighttime temperature as the primary exposure (S4 Table).

3.3 GAM help-seeking crisis concern theme analysis

Help-seeking crisis concerns demonstrated distinct temperature relationships (Fig 4). Mental health calls exhibited the
strongest association with a J-shaped non-linear pattern (EDF =3.14, p=0.09), increasing 20.9% at the 90th percentile
compared to the 10th.

Basic needs showed a significant acute linear increase with temperature (EDF =1.0, p=0.02), rising 59.9% from the
10th to 90th percentiles on the day of exposure. Sleep-related help-seeking demonstrated a marginally significant linear
pattern (EDF=1.0, p=0.08), with a 31.9% decrease at the 10th percentile on the day of exposure. Interpersonal concerns,
isolation and substance use showed no significant temperature association (S5 Table).
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Table 2. Prevalence ratio (PR) point estimates for suicide-related crisis conversations at minimum temperature extremes (e.g., 5th, 95th);
results reported in reference to median temperature. Overall estimates (days 0-2) and lagged (days 0,1,2) estimates reported. Absolute risk
difference (ARD) estimates represent expected increases and decreases in call volumes for each percentile per 100 calls, derived from preva-
lence ratio estimates. Stratified analysis for clinician-assessed suicide risk factors from the suicide risk assessment.

Temperature
Percentile

Cumulative
(Lags 0-2)

Lag 0

Lag 1

Lag 2

Suicide Calls

PR (95th Cl)

ARD (95th Cl)| PR (95th Cl)

ARD (95th Cl)| PR (95th CI)

ARD (95th Cl)

PR (95th CI)

ARD (95th Cl)

1st 0.40 (0.34-0.48) | -7 (-7--6) 0.54 (0.43-0.69) |-5 (-6 --3) 1.21 (0.87-1.69) | 2 (-1 - 8) 0.61 (0.48-0.77) | -4 (-6 - 3)
5th 0.55 (0.49-0.61) | -5 (-6 --4) 0.66 (0.56-0.78) | -4 (-5 - -2) 1.14 (0.91-1.43) | 2 (-1 - 5) 0.73 (0.62-0.86) | -3 (-4 - 2)
10t 0.67 (0.60-0.74) | -4 (-4 --3) 0.75 (0.65-0.86) | -3 (-4--2) 1.10 (0.91-1.32) | 1 (-1 - 4) 0.81 (0.71-0.93) | -2 (-3-1)
9o 1.19 (1.10-1.29) |2 (1-3) 1.17 (1.01-1.37) |2(0-4) 1.00 (0.81-1.22) | 0 (-2-2) 1.02 (0.88-1.19) | 0 (-1-2)
95t 1.55 (1.44-1.68) |6 (5-8) 1.33(1.12-1.58) (4 (1-7) 1.02 (0.81-1.28) | 0 (-2 - 3) 1.15 (0.96-1.36) | 2 (0-4)
99t 2.66 (2.42-2.92) |19(16-22) |1.71(1.38-2.13) |8 (4-13) 1.07 (0.80-1.44) |1 (-2-5) 1.45(1.16-1.80) | 5(2-9)
Clinician Assessed Risk Factor: Availability of Means

1st 0.71 (0.56-0.90) | -1 (-2-0) 0.76 (0.54-1.07) |-3(-5--1) 1.04 (0.65-1.66) | 0 (-4 - 7) 0.90 (0.64-1.26) | -1 (-4 - 3)
5t 0.85 (0.72-0.996) -1 (-1 -0) 0.85 (0.67-1.07) |-2 (-4 --1) 1.07 (0.77-1.50) | 1 (-3 - 6) 0.94 (0.74-1.19) | -1 (-3-2)
10t 0.95(0.81-1.11) | 0(-1-0) 0.90 (0.74-1.11) |-1(-3-1) 1.09 (0.82-1.44) | 1 (-2 - 5) 0.96 (0.78-1.19) |0 (-2-2)
aQ 1.22 (1.08-1.38) |1(0-2) 1.11 (0.87-1.42) |1 (-1-5) 1.05 (0.77-1.44) | 1 (-3 - 5) 1.04 (0.82-1.32) | 0 (-2 - 4)
95t 1.58 (1.39-1.79) |2 (2-3) 1.23 (0.93-1.63) |3 (-1-7) 1.06 (0.74-1.53) | 1 (-3 - 6) 1.21(0.91-1.59) | 2(-1-7)
99t 2.45(2.09-2.87) |(6(4-7) 1.46 (1.02-2.09) |5 (0-12) 1.08 (0.68-1.72) | 1 (-4 - 8) 1.55(1.09-2.21) | 6 (1-14)
Clinician Assessed Risk Factor: Decreased Sleep

1st 0.52 (0.42-0.64) |-3(-3--2) 0.62 (0.45-0.84) | -4 (-6 - 2) 1.49 (0.98-2.27) | 5 (0 - 14) 0.56 (0.42-0.77) | -5 (-7 - 3)
5t 0.66 (0.57-0.76) | -2 (-3--1) 0.73 (0.59-0.90) |-3(-5-1) 1.30 (0.97-1.74) | 3 (0 - 8) 0.69 (0.56-0.86) | -3 (-5 - 2)
10t 0.76 (0.67-0.87) | -1(-2--1) 0.81 (0.68-0.97) | -2 (-4 -0) 1.19 (0.94-1.52) | 2 (-1 - 6) 0.79 (0.66-0.94) | -2 (-4 - 1)
90" 1.17 (1.05-1.30) |1(0-2) 1.08 (0.88-1.32) |1 (-1-4) 1.07 (0.83-1.40) | 1 (-2 - 4) 1.01 (0.83-1.24) | 0(-2-3)
95th 1.49 (1.34-1.66) |3 (2-4) 1.22 (0.97-1.53) |2 (0-6) 1.09 (0.81-1.47) |1 (-2-5) 1.13 (0.90-1.42) | 1 (-1-5)
99t 2.46 (2.16-2.80) |9 (7 -11) 1.56 (1.16-2.10) |6 (2-12) 1.11 (0.75-1.65) | 1 (-3-7) 1.42 (1.05-1.91) | 5(1-10)
Clinician Assessed Risk Factor: Expressed Intent to Die

1st 0.51(0.42-0.62) | -4 (-4 --3) 0.66 (0.50-0.86) | -4 (-6 - 2) 1.01 (0.70-1.47) | 0 (-3 - 5) 0.77 (0.59-1.01) | -3 (-5-0)
5th 0.65 (0.57-0.74) |-3(-3--2) 0.75 (0.62-0.91) | -3 (-4-1) 1.01(0.78-1.31) | 0 (-3 - 4) 0.85 (0.71-1.03) | -2 (-3-0)
10" 0.76 (0.67-0.85) | -2 (-2--1) 0.82 (0.70-0.97) |-2(-3-0) 1.01 (0.81-1.26) | 0 (-2 - 3) 0.91 (0.77-1.07) | -1 (-3-1)
aQ 1.21(1.10-1.33) |2(1-2) 1.14 (0.95-1.37)[1(0-3) 1.04 (0.82-1.32) | 0 (-1 -2) 1.02 (0.84-1.22) | 0(-1-2)
95th 1.57 (1.42-1.72) |4 (3-5) 1.30 (1.06-1.59) |3 (1-7) 1.05 (0.80-1.37) | 1 (-2 - 4) 1.15(0.94-1.42) | 2 (-1-5)
99t 2.63(2.35-2.96) |12 (10-14) |1.67(1.28-2.18) |8 (3-13) 1.05 (0.74-1.49) | 1 (-3 - 5) 1.50 (1.15-1.95) | 6 (2 - 11)
Clinician Assessed Risk Factor: Little Engagement with Crisis Counselor

1st 0.57 (0.43-0.74) |-1(-2--1) 0.57 (0.38-0.85) |-5 (-7 -2) 1.52 (0.87-2.64) | 6 (-1 - 18) 0.66 (0.44-0.99) | -4 (-6 - 0)
5th 0.64 (0.53-0.77) | -1(-2--1) 0.69 (0.52-0.91) |-4(-5-1) 1.10 (0.75-1.62) | 1 (-3-7) 0.85(0.64-1.12) | -2 (-4 - 1)
10th 0.70 (0.59-0.83) | -1(-1-1) 0.77 (0.61-0.98) | -3 (-4 - 0) 0.94 (0.68-1.29) -1 (-4 - 3) 0.97 (0.76-1.23) | 0 (-3 -3)
90th 1.12(0.98-1.29) |0 (0-1) 1.09 (0.84-1.42) |1 (-2 --5) 1.02 (0.72-1.44) | 0 (-3 - 5) 1.01 (0.77-1.32) | 0 (-3 - 4)
95th 1.43 (1.25-1.64) |1(1-2) 1.20 (0.89-1.62) (2 (-1-7) 1.13 (0.76-1.66) | 1 (-3-7) 1.06 (0.78-1.43) | 1 (-2-5)
99th 2.35(1.99-2.78) |5(3-6) 1.47 (1.00-2.16) |5 (0 -13) 1.38 (0.83-2.28) | 4 (-2 - 14) 1.16 (0.78-1.72) | 2 (-2 - 8)
Clinician Assessed Risk Factor: Few to No Future Plans

1st 0.62 (0.49-0.78) | -2(-2--1) 0.87 (0.62-1.21) | -2 (-4 -2) 1.03 (0.65-1.63) | 0 (-4 -7) 0.70 (0.50-0.98) | -3 (-6 - 0)
5th 0.70 (0.60-0.83) |-1(-2--1) 0.94 (0.74-1.19) |-1(-3--2) 0.93 (0.67-1.29) -1 (-4 - 3) 0.81 (0.64-1.02) | -2 (-4 - 0)
10th 0.77 (0.66-0.90) | -1 (-1-0) 0.99 (0.81-1.21) |0(-2-2) 0.89 (0.68-1.17) | -1 (-4 - 2) 0.88 (0.71-1.08) | -1 (-3-1)
90th 1.26 (1.12-1.41) |1 (1-2) 1.15(0.91-1.45) |2 (-1-5) 0.93 (0.69-1.25) | -1 (-4 - 3) 1.18 (0.94-1.49) | 2 (-1-5)
95th 1.72 (1.53-1.93) |3 (2-4) 1.30 (1.00-1.69) |3 (0-8) 0.97 (0.69-1.37) 0 (-3-4) 1.36 (1.05-1.76) |4 (1-8)
99th 3.24 (2.82-3.72) 110 (8-12) 1.68 (1.20-2.34) |8 (2-15) 1.08 (0.70-1.66) | 1 (-3-7) 1.79 (1.29-2.49) 9(3-17)
https://doi.org/10.1371/journal.pmen.0000501.t002
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Table 3. Prevalence ratio point estimates for suicide-related crisis conversations at temperature extremes (e.g., 5th, 95th). Risk derived for
subgroups [age (<25, >25), gender [man, woman), and race (Black, white)].

Suicide Help-Seeking Calls

Race Stratified Age Stratified Gender Stratified
Percentile | White Black Youth Adults Women Men

PR LCI ucl PR LCI ucl PR LCI ucl PR LCI ucl PR LCI UCl |PR LCI UcCl
1st 1.03 |09 |1.18 |09 |0.76 |1.22 |095 |0.85 |1.06 (097 |087 |1.09 (095 |0.86 |1.04 |1.03 |0.93 |1.14
5th 1.01 092 |1.11 115 |095 |139 (098 |091 |1.06 (098 |090 |1.06 (094 |0.88 |1.01 |1.00 |0.93 |1.08
10th 1.00 (091 |110 |1.28 |1.03 |158 |1.00 |092 |1.07 |098 |090 |1.06 (094 |0.88 |1.01 |0.99 |0.92 |1.06
90th 098 091 105 |1.12 |09 131 |09 090 /1.02 [1.00 094 |1.07 098 093 |[1.03 [1.00 0.94 |1.06
95th 097 090 105 111 |09 128 |09 090 /1.02 [1.02 095 |[1.09 [1.01 096 |[1.07 [1.00 094 |1.06
99th 096 086 1.07 |1.07 091 127 |09 0.88 1.05 [1.06 096 |1.17 [1.08 1.00 |[1.17 [0.99 0.91 |1.08
Percentile | White Black Youth Adults Women Men

PR LCI UCl PR LClI UcCl PR LCI ucCl PR LCI ucCl PR LCI UCl PR LCI UCl
1st 0.80 033 197 090 (045 179 [128 |0.81 204 129 /085 |[195 119 /085 |1.67 [1.15 |0.80 |1.65
5th 150 |0.84 |269 |1.18 |069 |200 |121 |087 |168 |140 |1.01 (195 129 |1.00 (166 |1.21 |0.92 |1.60
10th 197 |1.11 |348 |153 |092 |257 |117 |0.84 |163 |147 |1.05 (205 |1.34 |1.04 (173 |1.25 |0.95 |1.65
90th 188 |121 |291 |1.03 |068 |158 |094 |0.72 |123 |111 |085 |145 |112 |090 |1.38 |1.07 |0.85 |1.34
95th 181 |114 |288 |093 |058 |150 |1.01 |0.76 |135 |1.07 |080 |143 |1.06 |0.84 |133 |1.13 |0.89 |1.43
99th 164 |088 |3.07 |0.79 |040 |155 |119 |0.80 |1.79 |09 |062 (148 (095 |069 |1.31 |1.28 |091 |1.79
Percentile | White Black Youth Adults Women Men

PR LCI ucCl PR LCI UClI PR LCI UClI PR LCI UCl PR LCI UCl PR LCI UCl
1st 0.84 /053 133 111 071 173 |093 066 130 |1.06 /081 |1.39 [1.02 /0.80 |[1.30 [1.01 0.77 |1.32
5th 095 |0.70 130 |(1.05 |0.74 148 |09 0.76 121 [1.01 /0.81 |[1.25 [0.99 /0.83 |[1.18 [1.03 ' 0.85 |1.26
10th 1.02 |0.75 |139 |099 |0.70 |140 |098 |0.78 |123 |097 |0.78 /120 (098 |0.82 |117 |1.05 |0.87 |1.28
90th 090 071 114 (090 (069 119 |092 |0.76 110 |0.97 /0.82 |1.15 098 /0.85 |[1.13 [1.01 0.86 |1.18
95th 0.86 066 |1.11 (092 069 123 |093 |0.77 114 |095 /0.80 |1.14 098 /084 |1.14 [1.01 /0.85 |1.19
99th 0.78 054 113 (095 |0.63 142 |098 |0.74 129 092 |0.71 |[1.18 098 0.79 |[1.21 [1.00 0.79 |1.27
Expressed Intent to Die
Percentile | White Black Youth Adults Women Men

PR LCI ucCl PR LCI UCl PR LClI UCl PR LCI UCl PR LCI UCl PR LCI UCl
1st 117 081 |168 |1.02 |0.72 |145 |0.79 |059 |1.05 |1.09 |087 (136 (092 |0.76 (112 |1.16 |0.93 |1.45
5th 110 |085 |142 |113 |086 |147 (092 |0.75 |112 |1.01 085 121 095 |0.82 110 |1.03 |0.88 |1.21
10th 106 (082 |138 |122 |094 |159 |100 |083 |1.21 |09 |0.80 |1.15 097 |0.84 |112 |0.96 |0.82 |1.13
90th 095 /078 116 |1.09 |0.88 134 |[1.06 091 124 |098 /085 |1.13 [1.01 /0.89 |[1.13 [0.98 '0.86 |1.12
95th 094 076 116 |1.02 081 128 [1.08 092 127 098 /085 |1.14 099 /087 |1.12 [1.00 0.87 |1.15
99th 091 067 124 090 065 124 |[111 [0.88 140 [1.00 ' 0.81 |[1.23 |09 0.81 |[1.14 [1.05 0.87 |1.27
Little Engagement with Crisis Counselor
Percentile | White Black Youth Adults Women Men

PR LCI UCl PR LCI UcCl PR LCI ucCl PR LCI ucCl PR LCI UCl PR LCI UCl
1st 052 020 136 |0.84 034 211 |055 027 112 [093 /051 |[1.69 |0.60 037 |0.98 |0.80 |0.51 [1.27
5th 058 /030 114 /088 043 181 |067 041 111 086 054 |1.38 |0.85 ' 0.61 |[1.18 |[0.80 ' 0.57 |1.12
10th 064 034 120 (095 |046 197 |0.78 |048 126 |0.83 |052 |1.32 |1.04 |0.76 |1.42 |0.81 |058 |1.11
90th 0.77 048 123 |056 |0.30 |1.04 |[1.03 |0.71 149 090 /063 |[129 [1.06 /0.81 |[1.37 [1.03 0.80 |1.33
95th 059 035 |1.01 (065 [0.33 129 [113 |0.77 166 |094 065 |[1.37 [1.03 078 |[1.36 [1.02 0.78 |1.33
99th 0.35 |0.16 |0.78 |0.85 |0.33 217 [139 /0.83 235 [1.06 |0.63 |1.77 098 0.67 |[1.44 [0.99 0.68 |1.44

(Continued)

PLOS Mental Health | https:/doi.org/10.1371/journal.pmen.0000501 February 11, 2026 11/22




PLOK. Mental Health

Table 3. (Continued)

Suicide Help-Seeking Calls

Race Stratified Age Stratified Gender Stratified
Percentile | White Black Youth Adults Women Men

PR |LCI |ucl PR |LCI |ucl PR |LCI |ucl (PR |LCI |ucl PR [LCI |ucl |PR |LCI | UCI
Few Future Plans
Percentile | White Black Youth Adults Women Men

PR LCI UCl |PR LCI UCl |PR LCI UCl |PR LCI UCl |PR LCI UCl |PR LCI UCl
1st 180 |1.05 |[3.10 090 050 (164 |125 |0.81 |193 |1.31 090 [1.91 /090 |065 |124 |141 [1.03 |1.94
5th 141 093 |213 |095 |060 (150 |1.07 |0.78 |148 |1.14 |0.84 155 |0.85 |0.67 1.08 |1.19 |0.93 |1.53
10th 122 |080 (187 |1.00 |063 |159 |099 |0.71 |137 |1.02 |0.75 140 |0.83 |0.66 ' 1.06 |1.05 |0.82 |1.36
90th 115 /083 |158 111 078 |159 |113 |0.88 |146 |1.29 |1.01 |163 [1.07 |0.88 129 |1.31 |1.07 |1.61
95th 117 084 |164 |136 |[094 (197 |125 |096 (163 |145 |[1.14 185 |1.17 |096 143 |1.44 [117 | 1.77
99th 122 077 (194 |189 [1.15 |3.09 |151 [1.05 |218 |194 |[140 269 |142 [1.09 185 |1.81 |[1.38 238

https://doi.org/10.1371/journal.pmen.0000501.t003

3.3.1 Sensitivity by demographic subgroups. Demographic groups showed distinct temperature vulnerabilities
(Fig 5). During hot temperatures, mentions of mental health were higher among women (+25.9%, p:0.08),
youth (+21.5%, p:0.09), and Black callers (+56.7%, p<0.005) in the two days following a hot night. During cold
temperatures, adults (-13.1% at 90th, p:0.09) and white callers (-17.5% at 90th, p:0.09) were more likely to mention
interpersonal concerns in the two days following a cold night.

Lagged effects revealed group-specific patterns. Day-of effects were observed for men, who were more likely to mention
substance use during hot temperatures (+137.4%, p:0.08) and sleep during cold temperatures (+40.1% at 10th, -59.9% at
90th, p:0.026). Adults were also associated with day-of associations, with mentions of substance use 325.7% higher at the
90th percentile (p:0.02). Youth and women were associated with delayed effects following a hot night, with youth (+109.1%,
p:0.05) and women were more likely to mention mental health at the 90th percentile (+43.5%, p:0.04) the day after exposure
to a hot night. Black callers were also associated with delayed effects, particularly two days after a hot night, with mentions
related to mental health (+84.1%, p:0.01) and substance use (+801.7%, p:0.018) higher at the 90th percentile (S6 Table).

3.3.2 Moderation by sleep. The temperature x sleep interaction was significant at p<0.10 (3=-0.0671, p=0.060) and
stratified analyses revealed important patterns, notably that sleep issues are most significantly associated with mental
health between the 10th to 90th temperature percentiles (OR:1.11; p<0.001). (Table 4).

4. Discussion

This study examines real-time suicide help-seeking during temperature extremes, combining time series analysis with
natural language processing of crisis narratives to quantify risk magnitude and offer insights into precipitating contexts,

a novel approach. Consistent with prior work [1,3], we found a dramatic dose-response relationship, with suicide-related
help-seeking increasing 166% during extreme heat. Notably, basic needs crises, social isolation, mental health concerns,
and all suicide risk indicators cluster during temperature extremes, providing mechanistic insights that are often unavail-
able within other health data sources (e.g., mortality). These findings support multiple theoretical pathways, including
physiological (sleep disruption), behavioral (aggression/impulsivity), social (routine disruption), and structural (basic
needs), while identifying actionable intervention targets for vulnerable populations.

4.1 Physiological pathway: Sleep disruption

The physiological pathway through sleep disruption emerges as particularly important. Extensive research indicates that
sleep is one of the strongest longitudinal predictors of suicide risk [33], and evidence suggests that heat exposure disrupts
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Fig 3. Prevalence ratio estimates for daily minimum temperature derived from distributed lag non-linear models using a 2-day lag across
subgroups [age (s24,225), gender (men, women), and race (Black, white)]. Prevalence estimates are in relation to median temperature (i.e., 50th
percentile).

https://doi.org/10.1371/journal.pmen.0000501.g003
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Fig 4. Temperature effects on crisis call themes derived from generalized additive models (GAMs) with penalized smoothing splines (k =8).
Estimates derived by lag (days 0, 1, 2) and overall effect (0-2 day).

https://doi.org/10.1371/journal.pmen.0000501.g004

sleep quality and duration [23,24]. We observed a marked increase in difficulty sleeping as a clinician-assessed suicide
risk factor during extreme nighttime heat among help-seekers, adding additional evidence that poor and disrupted sleep
during high temperatures is associated with increased suicidality. On the day of exposure, sleep was more likely to be
mentioned as a context related to help-seeking during cold temperatures, and all callers were consistently more likely

to mention sleep-related crisis concerns alongside mental health concerns across non-extreme temperature thresholds
(e.g., between 10-90th), suggesting the sleep-suicide pathway is present among many suicide help-seekers and across
temperature exposures. The sleep-suicide pathway is especially critical because sleep disruption impairs emotional regu-
lation, decision-making, and stress resilience [51,52], all of which are protective factors against suicide [53,54].

In addition, the stronger associations with minimum versus average and maximum temperature provide crucial mech-
anistic insight, confirming nighttime heat as a distinct risk period. The increase in sleep difficulties during extreme mini-
mum temperatures aligns with evidence linking sleep disruption to suicide risk [55] and demonstrates that public health
responses focusing solely on daytime heat miss critical prevention opportunities. Louisiana’s accelerating nighttime
warming trend, with record hot nights from 2015-2020 [30], demands immediate implementation of nighttime-specific inter-
ventions, including extended cooling center hours, utility disconnection moratoriums during heat events, and distribution of
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Fig 5. Subgroup temperature effects on crisis call themes derived from generalized additive models (GAMs) with penalized smoothing splines
(k =8). Estimates derived as overall effect for lags 0-2.

https://doi.org/10.1371/journal.pmen.0000501.9g005

Table 4. Sensitivity analysis of sleep by mental health moderation in response to cold temperatures (<10th percentile), normal temperatures
(10-90th percentiles) and hot temperatures (>90th percentile). Estimates derived using generalized additive models with a 2-day lag structure
and penalized smoothing splines (k=8).

Percentile | # of conversations | Sleep Issues n (%) | Mental Health n (%) |Both Themes n (%) | Mental health & Sleep+ | OR (95% CI)

<10th 1169 519 (44.4%) 312 (26.7%) 148 (12.7%) 285 1.18 (0.91-1.53)
10th-90th | 9345 4001 (42.8%) 2520 (27.0%) 1128 (12.1%) 28.2 1.11* (1.02-1.22)
>90th 1170 499 (42.6%) 326 (27.9%) 139 (11.9%) 27.9 1.00 (0.77-1.29)

+Proportion of mental health conversations that mention sleep.

*p<0.05.

https://doi.org/10.1371/journal.pmen.0000501.t004

bedroom cooling units to vulnerable populations. These findings support emerging evidence that nighttime temperatures
may be more relevant than daytime heat for various health outcomes [56].

4.2 Basic needs and motivational-volitional theory

During high temperatures clients exhibited significant basic needs stressors as a help-seeking context on the day of
exposure and all clients were more likely to have access to lethal means (i.e., capability) up to two days after a high
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temperature event, offering exploratory evidence of the motivation-volitional theory during high temperatures. Paradoxi-
cally, cold weather, while associated with overall decreases in call volumes, was associated with increased basic needs
stress among Black callers in exploratory population-level analyses; though results should be interpreted with care as
race data had high missingness (i.e.,~79% missing). However, this finding could suggest that while cold temperatures are
associated with lower call volumes, callers who are seeking help are reaching out for immediate crises (e.g., utilities, food
assistance). Additional explanations include differential access to healthcare and essential services during winter weather
events [57] and potential impacts to social well-being and interpersonal stressors [58].

Temperature-triggered staffing protocols represent a feasible extension of existing weather-responsive public health
systems, such as heat warning systems and cold weather shelters [59]. Our results suggest the potential for 19 additional
suicide-related calls per 100 calls following extremely hot nights, representing predictable increased demand. Many crisis
hotlines already implement surge capacity protocols for predictable high-demand periods (e.g., hurricanes); integrating
temperature forecasts into these protocols would leverage existing infrastructure. Utility disconnection moratoriums during
extreme temperatures have been implemented in various jurisdictions (e.g., winter protections in northern states) and
could be expanded to include extreme heat periods with relatively low implementation costs compared to their potential
public health benefits [60]. The need for integrating social service and suicide-risk research is further evidenced by past
work which highlights the efficacy of social service programs addressing basic needs (e.g., increased minimum wage,
healthcare coverage) in reducing suicide ideation [61] and deaths [14,62]. The motivational-volitional theory stresses that
burdensomeness and entrapment are precursors to active suicide risk [13], with stress related to essential needs poten-
tially explaining higher rates of suicide [14,63]. Thus, affordable housing initiatives, higher minimum wages, and gov-
ernment subsidized programs (e.g., Supplemental Nutrition Assistance Program [SNAP]) also act as suicide prevention
[14,62], offering numerous avenues for upstream intervention.

The prominence of basic needs themes during both hot and cold events indicates that infrastructure vulnerabilities
(e.g., heating, power, shelter, food) may mediate temperature-suicide associations [64,65], emphasizing the impor-
tance of integrated suicide prevention approaches that leverage effective upstream interventions [66]. For example,
programs that support utility assistance and moratoriums on utility disconnections during extreme hot and cold tem-
peratures could also serve as suicide prevention, alleviating some of the economic burden associated with extreme
temperatures [14,63,65]. Though not evaluated in this analysis, future work could employ quasi-experimental designs
comparing jurisdictions that implement temperature-responsive policies to matched controls, measuring outcomes
such as crisis call volume, emergency department visits for suicide-related concerns, and suicide attempts during
extreme weather events. Prior work investigating extreme weather infrastructure failures suggests widespread difficulty
accessing essential services (e.g., healthcare) [67], further illustrating the importance of free community resources, like
24/7 crisis and informational hotlines during periods of extreme temperatures. Our work adds preliminary evidence to
the motivational-volitional theoretical model [13,14] in the context of hot and cold temperatures, emphasizing that the
pathway between basic needs stressors and suicidality may be exacerbated during temperature extremes. Exploratory
demographic differences exhibited at cold temperature extremes emphasize the importance of timely targeted inter-
ventions. Additional research is needed to understand how integrated upstream interventions can dually alleviate the
economic and infrastructural burdens of extreme temperatures and reduce suicide risk [63]. Evidence is particularly
needed for populations in unstable housing and resource-limited communities, as exposure to temperature extremes
amplifies existing structural inequalities [68].

4.3 Temperature-aggression and behavioral pathways

Increased mentions of lethal means availability, expressed intent to die, and reporting few future plans during heat support
the temperature-aggression hypothesis, which links high temperatures to increased impulsivity and aggression [9,10].
Men were associated with particularly elevated risk, reporting few future plans during both hot and cold temperature
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extremes, consistent with neurobiological effects of heat on impulsivity [16] and prior evidence of young men’s heightened
vulnerability to heat-related interpersonal stressors and self-harm [20].

Substance use patterns provided additional evidence for behavioral pathways. Substance use can increase impulsiv-
ity and impair judgment, making it a key risk factor on the potential mechanistic pathway from extreme heat exposure to
observed increases in suicidality [69]. Adults showed immediate increases in substance use mentions following high tem-
perature exposure, while Black callers exhibited delayed effects, reporting mental health and substance use concerns in
higher volumes two days post-exposure. White callers also exhibited increased mentions of substance use, though effects
were delayed and observed only for cold temperatures. These temporal patterns may reflect maladaptive coping strate-
gies (e.g., alcohol use) that initially mask but ultimately exacerbate mental health risks [70,71]. This pathway is particularly
concerning given that 20% of suicide deaths involve opiates and 22% involve alcohol [72], and alcohol independently
increases both impulsiveness [69,73] and heat-related mortality [74].

The routine activity theory posits that extreme temperature events change habitual behavior, thus increasing opportuni-
ties for interpersonal conflict [11]. From our analysis, social isolation in particular emerged as a novel but critical pathway,
particularly for high temperatures. Notably, exploratory population-level results highlight that young people were associ-
ated with the starkest increases the day after high minimum temperature exposures. These exploratory findings extend
prior research on heat-related isolation among older adults [75] to younger populations, suggesting that temperature
extremes may disrupt social networks and support systems. At cold temperatures, exploratory subgroup results suggest
that adults are associated with higher reports of isolation and both adults and white clients report more interpersonal con-
cerns after cold nights, results in line with recent helpline-temperature analysis in Germany [58]. Our results provide addi-
tional context to the routine activity theory, whereby social isolation could be a contributing factor among young people
particularly vulnerable to isolation and adults vulnerable to isolation and interpersonal stress, following high temperatures.
At cold temperatures, our exploratory results suggest adults may also be vulnerable to social isolation and interpersonal
stress associated with suicide-related help-seeking.

4.4 Exploratory population-specific insights

Our exploratory subgroup analyses reveal distinct risk profiles that require targeted interventions. In line with prior work
[7,8], our analysis found women, Black clients, and youth exhibited distinctive risk profiles that may be more sensitive to
high temperatures. Youth show heightened vulnerability to heat-related social isolations, highlighting the importance of
peer relationships [76], and potential implications of limited coping resources [77]. Women were associated with stark
increases in crisis concerns related to mental health in the days after exposure to a hot night, further extending under-
standing of social support importance, life-saving heat warning messaging and allocation of basic infrastructural resources
(e.g., housing, power, A/C) in the backdrop of extreme weather exposure. Black callers exhibited cluster concerns, notably
substance use and mental health, which were highest in the days following exposure to a hot night. Basic needs stress
among Black clients at cold temperatures emphasizes the importance of integrated social service and suicide reduction
efforts. Insight from male callers offers evidence of increased crisis severity during cold temperatures, particularly related
to poor sleep, offering preliminary evidence of extreme cold as a suicide-related risk factor among this high suicide-risk
population. These results are crucial in ensuring temperature-responsive crisis service messaging, outreach and availabil-
ity during both hot and cold temperature events, though should be interpreted as exploratory given the high missingness
present in demographic data.

4.5 Implications for integrated suicide prevention

Our results could be situated and applied to numerous suicide prevention frameworks, integrating predictable changes in
suicide risk at temperature extremes into existing prevention approaches. For example, the Gone Too Soon and Center
for Disease Control’'s Preventing Suicide: A Technical Package of Policy, Programs, and Practices frameworks both call
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for interventions across socio-ecological levels that integrate support for essential services, like cash payments, which
not only reduce entrapment related to suicide risk, but have wide-ranging benefits related to social wellness and cohesion
[78—-80]. These efforts could also be integrated with sleep promotion efforts, particularly given our findings of nighttime
heat as a critical exposure period associated with increased risk. Targeting outreach efforts to reduce access to lethal
means during extreme temperatures can also be integrated into numerous suicide prevention frameworks [79]. Leverag-
ing digital interventions, like crisis hotlines and telehealth, has the potential to serve as a scalable intervention already in
place to address numerous co-occurring crises [80].

4.6 Strengths and limitations

This analysis leveraged a rich, real-time crisis dataset providing unique insights into acute suicide risk during temperature
extremes. The combination of rigorous time series modeling with natural language processing provides both quantitative
risk estimates and qualitative context, which is rare in environmental health research. Exploratory subgroup analyses con-
tribute unique insights for targeted interventions. To date, most literature has focused on suicide deaths and attempts [2];
leveraging help-seeking data contributes policy and practitioner-relevant results while expanding empirical understanding
of suicide risk and extreme temperatures.

Several limitations should also be noted. Most significantly, demographic information was missing for 35—79% of calls,
potentially introducing selection bias into subgroup analyses. Individuals who call crisis lines may differ systematically from
those who do not seek help and our data capture only those callers meeting criteria for a suicide risk assessment (exhibit-
ing suicide-related behaviors or reporting suicidal thoughts within the past 24 hours), representing acute crisis presentations
rather than the full spectrum of suicidal ideation. Demographics of our sample show potential over-representation of youth,
women, and Black help-seekers compared to the state of Louisiana as a whole. The study was conducted in Louisiana’s spe-
cific climate and demographic context, and results may not be applicable to other regions. Findings should be interpreted as
reflecting temperature effects among crisis help-seekers in Louisiana rather than the general population with suicidal thoughts.
However, the use of standardized suicide risk measures allows for the reproducibility of our analysis to other contexts. Our the-
matic analysis relied on keyword searching rather than manual coding, which may have resulted in the omission of nuanced
content. Additionally, we cannot establish causal relationships between temperature exposure and suicide risk, only temporal
associations. Future research should address these limitations through larger quasi-experimental designs to strengthen causal
inference, validation of natural language processing approaches against clinical assessments, incorporation of richer covariate
data on economic conditions and media exposure, and through multi-region studies that can enhance generalizability. Finally,
while we used percentile-based temperature thresholds to account for local adaptation, we did not examine humidity-adjusted
measures such as heat index or wet-bulb globe temperature. In Louisiana’s humid subtropical climate, these measures may
provide additional insight into physiological thermal stress. Future research should investigate whether humidity-adjusted tem-
perature metrics reveal different patterns in suicide-related help-seeking behaviors.

5. Conclusions

Extreme heat events are predictable mental health emergencies that must be prioritized in public health preparedness and
climate adaptation planning. The sharp increase in crisis calls during high-temperature periods highlights the urgent need
for weather-responsive crisis infrastructure, including dynamic staffing models and protocols addressing heat-specific risks
like sleep disruption and social isolation. To prevent system overwhelm, coordination across crisis centers, emergency
departments, and community clinics is essential. Mental health must be explicitly integrated into climate adaptation, with
targeted interventions for youth, Black callers, women, and men based on differential vulnerability and need. Expanding
heat messaging to address sleep and substance use, and investing in utility assistance and weatherization programs
could help mitigate climate-related mental health inequities. As temperature extremes intensify, such efforts are not
optional but critical to safeguarding population mental health.
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