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We lack knowledge about the short-term predictors of suicide attempts (SAs) among treatment-seeking indi-
viduals. The current study evaluatedwhether (a) interpersonal difficulties, hopelessness, and affective states are
associated with an increased risk of SAs on the same and the next day; (b) these daily states are interconnected
differently over time among inpatients who attempt suicide compared to those who do not. In total, 110 psy-
chiatric inpatients who attempted suicide during their stay at a psychiatric hospital self-reported their suicidal
ideation, negative affect, positive affect, wish to live, interpersonal needs, and hopelessness each day (3,018
daily reports). Multilevel structural equation modeling was used to examine same-day and next-day predictors
of SAs. Multilevel temporal network models assessed interconnectedness between daily predictors and were
compared to network models from amatched sample of 110 psychiatric inpatients who did not attempt suicide.
In multivariate models, increases in perceived burdensomeness were significantly associated with same-day
SAs, whereas increased hopelessness was associated with next-day SAs. Network models for patients who
attempted suicide indicated that hopelessness and suicidal ideation were central to change, leading to next-
day deteriorations in mental health. In subsequent models, feeling calm and relaxed, and feeling fresh and
rested were centrally connected to other variables. The centrality of these metrics tended to be higher than
in the network models for patients who did not attempt suicide, suggesting differences in the interplay between
risk and protective factors. This study suggests routinely monitoring interpersonal factors and hopelessness
may help identify increased short-term risk of SAs among psychiatric inpatients.

General Scientific Summary
Daily fluctuations in cognitive–affective states, such as interpersonal difficulties and hopelessness, may signal
short-term risk for suicide attempts beyond reported levels of suicidal ideation.Hopelessness in particular exhib-
its high interconnectedness with other risk factors, potentially making it an effective target for interventions.

Keywords: interpersonal theory of suicide, wish to live, hopelessness, dynamic structural equation
modeling, network modeling
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Suicide is a leading public health issue worldwide, taking an esti-
mated 800,000 lives per year (World Health Organization, 2018).
Suicidal thoughts and behaviors are even more prevalent, with
9.2% of individuals experiencing suicidal thoughts and 2.7%
attempting suicide at least once in their life (Nock et al., 2008).
Yet, despite decades of dedicated research, rates of suicide have con-
tinued to rise in many nations or have remained stagnant (Australian
Bureau of Statistics, 2021; Hedegaard et al., 2018). This disconnect
may be impacted by a poor understanding of when an individual is at
risk of suicide attempts (SAs; Kessler, 2019; Kiekens et al., 2021),
curtailing opportunities for prevention when and where it is most
needed. Research to date has largely been cross-sectional and of
the relatively small number of longitudinal research studies, most
have used observation windows from months to years (Franklin et
al., 2017; Ribeiro et al., 2016) but without exploring critical periods
when risks were heightened, and thus most acute. Such research has
facilitated an understanding of who is developmentally at risk but are
inadequate to determine when an incident may occur for a particular
individual. Hence, a necessary step in preventing both behaviors is
examining within-level processes that indicate when vulnerable indi-
viduals are at an increased risk for making a SA in daily life.
The period following discharge from psychiatric settings is associ-

ated with a heightened risk of suicide among inpatients. Identifying
those most in need and providing timely support while in care and
also providing community support postdischarge is therefore critical
(Gunnell et al., 2012). The growing presence of routine psychological
monitoring and feedback systems in inpatient psychiatric settings
holds promise for measuring within-person dynamics that may pro-
vide warning signs for patients at risk of SAs (Kyron et al., 2019;
Lambert & Harmon, 2018).
To better understand how to detect SAs over short-term periods

and mitigate risk of suicide, research needs to evaluate with greater
precision the theory-driven predictors of SAs in the hours and days
before attempts occur. However, SAs are difficult to predict, and
research is needed to identify both who is at an increased risk of
attempting suicide and why it is more likely to occur on 1 day and
not on another. Due to the low base rates of SAs (i.e., the vast major-
ity of even high-risk individuals do not attempt suicide on a given
day), few studies have been able to capture self-report data in the
lead up to events. Daily prevalence rates are difficult to determine,
particularly when factoring in contributing demographic, social,
and clinical factors. For instance, one study followed 413 adoles-
cents with a diagnosed Bipolar 1 disorder over time for five years,
with 163 SAs identified over this period (Goldstein et al., 2012).
Although a relatively large number of SAs, this reflects a daily
rate of roughly 0.02%. Another review found that on average
1.4% of inpatients (both forensic and acute) attempt suicide during
their stay (James et al., 2012), although with varied lengths of stay
between studies it is difficult to ascertain average daily rates (e.g.,
a conservative average length of stay of seven days yields a daily
rate of 0.2%). As such, few studies have been able to prospectively
assess predictors of SAs using short-term repeated measures
designs. For these reasons, clinical populations (especially a sample
of hospitalized patients) would provide an optimal opportunity to
capture the short-term variability in risk and protective factors before
SAs occur and examine within-level processes associated with such
attempts. Furthermore, recent technological advancements have
facilitated the collection of data in daily life, such as daily diary stud-
ies and ecological momentary assessment, which capture variations

in key indices measured daily or multiple times daily, respectively
(Myin-Germeys et al., 2018; Shiffman et al., 2008). Therefore, a
study which applies these technical innovations to a psychiatric
in-patient sample would provide a unique opportunity to evaluate
key determinants of SAs with greater precision than previous stud-
ies. Moreover, these innovations can also facilitate interventions
within clinical settings, with a recent shift toward personalized med-
icine through routine collection of data (Bos et al., 2019). The cur-
rent study hence aimed to address this gap in the literature, while
considering several theory-driven risk and protective factors that
may be relevant to the short-term prediction of SA.

Suicidal Thoughts and SAs

Suicidal thoughts are an antecedent to lethal and nonlethal SAs that
involve an active desire to attempt suicide. Furthermore, the intensity
of suicidal thoughts predicts recent and future SAs (Kleiman et al.,
2018; Ribeiro et al., 2016; Victor & Klonsky, 2014), particularly
when ideation is sustained (Horwitz et al., 2015; Kleiman et al.,
2018), although evidence from long-term longitudinal research
(median follow-up 52 months) suggests this effect is weak (Ribeiro
et al., 2016). However, SA are low prevalence behaviors, with few
who currently report suicidal ideation engaging in SA (Kessler,
2019) and not every suicidal thought translates into action (or individ-
uals who attempt suicide fail to report ideation). There are therefore
inherent difficulties in prospectively collecting data for individuals
who ultimately attempt suicide. Consequently, there is a dearth of lit-
erature dynamically assessing risk factors for SAs in daily life. It is
therefore unclear the extent to which fluctuations in suicidal thoughts
are associated with SAs. Further, it is unclear whether assessing a
range of other risk and protective factors provides incremental benefits
above assessing suicidal thoughts alone.

Interpersonal Predictors and SAs

Interpersonal factors are a critical component of theoretical models
for suicide. The interpersonal theory of suicidal behavior (Joiner,
2007), the motivational volitional model of suicide (O’Connor,
2011; O’Connor & Kirtley, 2018), and the three-step theory
(Klonsky & May, 2015) all propose similar interpersonal drivers of
suicidality. For instance, the interpersonal theory (Joiner, 2005) pro-
posed that two interpersonal states, perceived burdensomeness (i.e.,
feeling one is a burden to friends, family, and wider society, and
that one’s selfhood is a burden) and thwarted belongingness (i.e.,
not feeling supported by or connected to others), are central to the
development of suicidal desire. Importantly, these are believed to be
dynamic affective-laden factors that fluctuate over short time periods
(Czyz et al., 2019; Kleiman et al., 2017). Intensive repeated measures
studies have largely supported the roles of interpersonal factors in rela-
tion to suicidal thoughts in prospective research (Hallensleben et al.,
2019; Kyron et al., 2018), and SAs in retrospective recall studies
(Bagge et al., 2013, 2017). Thus, routine monitoring that includes
interpersonal adversity may aid to predict SAs in psychiatric settings.
To our knowledge, however, the prospective, daily associations
between interpersonal factors and SAs have not been explored, and
are essential in delineating the independent contributions of interper-
sonal factors in driving suicide risk beyond suicidal ideation (Klonsky
& May, 2015).
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Positive and Negative Affect and SA

Suicidality can be a response to complex negative affective experi-
ences (Shneidman, 1993). Theories of suicide have also highlighted
how entrapment (O’Connor, 2011) and pain (Klonsky & May,
2015) contribute to suicidal ideation, suggesting it may be associated
with a broad spectrum of self-injurious behaviors. Two systematic
reviews (predominantly of cross-sectional research) found negative
affective states such as depression and anxiety to consistently be asso-
ciated with a history of self-harm (Fliege et al., 2009; Moller et al.,
2013); however, little research has examined associations with SAs.
Further, the prospective temporal association between affect and SAs
in daily life has received less attention, perhaps due to the low preva-
lence of behaviors. However, retrospective recall designs have identi-
fied increases in negative affect in the 6 hr immediately preceding a SA
(Bagge et al., 2017). Further, shifts in affect have been linked to higher
suicidal thoughts (Armey et al., 2018; Ben-Zeev et al., 2012). Among
psychiatric inpatients, preliminary evidence suggests that mean levels
of negative affect assessed during inpatient visits are predictive of
SAs postdischarge (Bentley et al., 2021). However, the dynamic asso-
ciation with positive affect and SA on a day-to-day basis, to the best of
our knowledge, has not been examined and warrants consideration.

Wish toLive as a Potential Protective FactorAgainst Suicide

Decades of research has outlined an internal struggle between living
and dying in suicidal individuals (Bryan, 2020). Wish to live can be
conceptualized as a cognitive affective state that entails life-sustaining
beliefs and thought processes such as optimism, hope, and purpose, as
well as positive emotional states (Bryan, 2020). Research suggests that
positive states like perspective taking, planning ahead, and the ability
to identify and flexibly employ coping strategies in response to adver-
sity and stressful life experiences, are all associated with a range of
effects that should offset elevations in suicide risk. Clinical research
has found that suicidal behaviors have a stronger association with a
diminished wish to live rather than a heightened wish to die (Bryan
et al., 2016). Further, recent research has found wish to live to be asso-
ciated with lower rates of daily inpatient self-harm (conceptualized as
both nonsuicidal self-injury and SAs), evenwhen accounting for a con-
current wish to die (Goods et al., 2020; Kyron et al., 2020).

Hopelessness and SA

Beck’s seminal research on suicide positioned hopelessness as a
central aspect of the acutely suicidal individual (Beck, 1996). In pre-
liminary longitudinal intensive research hopelessness has been linked
to short-term increases in suicidal ideation among psychiatric inpa-
tients (Hallensleben et al., 2019). However, some research has found
that hopelessness only weakly predicts (Ribeiro et al., 2018) or fails
to predict SAs (Qiu et al., 2017) in longer-term longitudinal research,
while other research has found that individuals who attempt suicide
exhibit heightened levels of hopelessness (Rodríguez et al., 2017).
Studies examining the link between hopelessness and SAs over short-
term periods (i.e., days, hours) have not occurred to our knowledge,
and may provide further insight into this relationship.

Identifying Salient Targets for Treatment

A novel approach to examine how various factors are interconnec-
ted from day-to-day is multilevel vector-autoregressive network

analysis. This lends from conventional cross-sectional network anal-
ysis, multilevel modeling, and time-series analysis to comprehen-
sively examine how various factors may influence each other from
day-to-day. It effectively outlines which factors may be central to
change among a variety of other factors (e.g., symptoms, risk/protec-
tive factors), with these methodologies typically conducted within
clinical literature to identify potentially salient targets for treatment.
The temporal nature of the vector-autoregressive form of network
analyses allows for the identification of whether factors may possibly
drive changes in other variables from one assessment to another or be
impacted by other variables (as suggested by temporal precedence).
Further, it provides a way to visualize how symptoms are interconnec-
ted from day-to-day, and therefore guide researchers and clinicians
toward more complex and dynamic thinking about mental disorders
(Bringmann & Eronen, 2018). The application of network analysis
to patients who have engaged in SAs during acute periods has yet
to occur to our knowledge and may provide important targets to
reduce risk of specific forms of self-injury. Further, how networks dif-
fer between individuals who attempt suicide, and those who do not,
may also guide decision making in clinical settings. That is, how do
networks of risk and protective factors operate for patients who ulti-
mately attempt suicide, and how do these networks compare to
patients who do not? For instance, addressing whether interpersonal
factors are a greater driver of overall symptom changes among people
who attempt suicide compared to those who do not may help the
deployment of interventions to patients at risk of taking their own
life in the near future. It also helps understand the profile of patients
who attempt suicide and how these characteristics differ from other
psychiatric patients (i.e., is the interconnection between specific risk
and protective factors exhibited by patients who attempt suicide typ-
ical for all patients?).

The Current Study

Due to the low prevalence of SAs, no studies to our knowledge have
been able to prospectively examine daily associations with risk and
protective factors of SAs. Thus, the current study looks to explore
two research questions by examining temporal associations between
variables of interest. Firstly, which theory-driven factors predict same-
day and next-day SAs? To address this, the study will apply dynamic
modeling to daily diary data to evaluate how the aforementioned risk
(suicidal thoughts, interpersonal adversity, hopelessness, negative
affect) and protective factors (positive affect, wish to live) are concur-
rently and prospectively associated with SAs. Secondly, the current
study will identify which factors may be effective targets during treat-
ment by conducting a network analysis of risk and protective factors
for patients who attempted suicide during their stay to examine how
they influence each other from 1 day to the next during acute periods
of suicidality. These temporal within-level networks will be compared
with patients who did not attempt suicide, which provides insights into
how risk and protective factors interact differently from day-to-day
between these two groups (e.g., are interpersonal factors more likely
to influence negative emotional states among patients who attempt sui-
cide?). As there are few studies examining short-term predictors of SAs
the current study is largely exploratory, although it is expected that
individuals with acute suicidal thoughts (and inversely, a low wish
to live) will also be at risk of SAs. Further, as interpersonal difficulties
are often reported in the lead-up to SAs in retrospective recall studies, it
is expected they may be short-term predictors of attempts.
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Method

Participants and Procedure

The current study was conducted as part of the ongoing assessment
and treatment of inpatients at a 100-bed psychiatric hospital in Perth,
Western Australia. Patients were presented with the opportunity to
self-report their mental health on a daily basis as part of standard
care through electronic tablet devices located in patients’ rooms at a
self-determined time. Typically, this occurred each morning (average
10:40 a.m., SD= 3.5 hr, Q1= 8:00 a.m., Mdn= 10:00 a.m., Q3=
1:00 p.m.) as this information is used in discussions with therapists.
Admission to the hospital was voluntary, and a diagnosing clinician
referred patients to receive specialized care tailored for a range of men-
tal health conditions.
Information surrounding SAs were provided by clinical staff,

who logged reports regarding each incident as part of risk manage-
ment. Staff outlined the nature of the incident (i.e., self-injury that
resembled an attempt to kill one’s self, or self-injury without such
intent), the time it occurred, the outcome (i.e., transferred to exter-
nal medical hospital, minor intervention), and perceived intent
(i.e., suicidal or nonsuicidal). All forms were completed in accor-
dance with hospital policy and procedures were approved by the
Chief Psychiatrist of Western Australia. Patients provided consent
for the data to be used for research purposes at admission,
and all procedures were approved by the University of Western
Australia Human Research Ethics Committee (2021/ET000010).
To improve reliability of coding, nursing staff were trained regard-
ing how to recognize potential suicidal intent regarding self-injury,
completed standardized daily suicide and self-harm risk assess-
ment forms with patients, and noted discussions with patients
and other contextual factors involved in their decision making.
These entries were then reviewed during handovers with other
nurses, and also with the psychiatrist overseeing each patient’s
treatment.

Measures

Thwarted Belongingness

Belongingness was measured by summing two items: “In the past
day, I have felt that people care for me” and “In the past day I have
felt close to others.” Responses were reverse-scored so that higher
scores indicated a greater sense of thwarted belongingness. Items
were measured on a 7-point Likert-type scale (1= not true for me
at all, 7= very true for me). Items were selected based on their
strong factor loadings in clinical samples (Van Orden et al., 2012)
and exhibited acceptable within-level reliability (ω= .73).

Perceived Burdensomeness

Two items in total were used to measure perceived burdensome-
ness: “In the past day, I have felt like a burden,” and “In the past day,
I have felt like my death would be a relief to people.” Items were
measured on a 7-point Likert-type scale (1= not true for me at
all, 7= very true for me). Item scores were combined, with higher
scores representing higher perceived burden. Both thwarted belong-
ingness and perceived burdensomeness items were adapted from the
Interpersonal Needs Questionnaire (Van Orden et al., 2012), and had
acceptable within-level reliability (ω= .76).

Negative Affect

Negative affect was measured through four items that assessed
depressed mood (“In the past day, I have felt depressed”), anxious
mood (“In the past day, I have felt anxious”), worthlessness (“In
the past day, I have felt worthless”), and feelings of not coping
(“In the past day, I have felt that I am not coping”). All items were
from the Psychological Distress Daily Index (DI-5; Dyer et al.,
2014), and in the current study were defined as negative affect due
to measuring potentially transient negative emotional states. All
items were measured on a 6-point Likert scale (0= at no time, 5
=all the time). The scale has shown strong psychometric properties
(Dyer et al., 2014) and clinical validity (Dyer et al., 2016) overall.
The negative affect items from the Psychological Distress Daily
Index also exhibited acceptable within-level reliability (ω= .83).
Affect itemswere converted into total factor scores prior to modeling.

Suicidal Thoughts

Suicidal thoughts were measured through a single item (“In the past
day, I’ve had thoughts of killing myself”), measured on a 6-point
Likert scale (0= at no time, 5= all the time). This was taken from
the Psychological Distress Daily Index (Dyer et al., 2014). Green et
al. (2015) established the validity of a similar item predicting both
deaths by suicide and SAs. Multiple studies report a test–retest reliabil-
ity of such indices that is similar to the test–retest coefficients of clearly
reliable and valid self-report suicide scales (i.e., the Depressive
Symptom Index—Suicidality Subscale; Joiner et al., 2001; Metalsky
& Joiner, 1997); regarding validity, the correlation between single-
item suicidality indices and validated suicidality scales tends to be
robust (e.g.,≥.70; Metalsky & Joiner, 1997). A similar state of affairs
pertains in other domains (e.g., alcohol use; Smith et al., 2009).

Positive Affect

TheWHO-5Wellbeing Index (WorldHealthOrganization, 1998) is
a self-report measure of positive mental health, including feeling fresh
and rested, cheerful, in good spirits, active, and calm and relaxed. Each
of the five items are assessed using a 6-point Likert-type scale (0= at
no time, 5= all the time), with reference to the past day (e.g., in the past
day, I have felt calm and relaxed). These items were combined into a
positive affect factor score using confirmatory factor analysis, with
higher scores indicating higher positive affect. The scale has exhibited
high reliability and validity in prior inpatient clinical use (Newnham et
al., 2010), and exhibited acceptable within-level reliability in the cur-
rent sample (ω= .81)

Identity-Based Hopelessness

A single itemwas taken from the PerceivedMastery Scale (Pearlin
et al., 1981) to measure an aspect of hopelessness, “In the past day, I
have felt there is noway I can changemany of the important things in
my life.” It was measured on a 7-point Likert Scale (1= not true for
me at all, 7= very true for me). Our points regarding single-item
measurement are likely to apply here as well. This item exhibited
good psychometric properties in prior research using both item
response theory and confirmatory factor analysis approaches
(Chen et al., 2013; Eklund et al., 2012; Lim et al., 2022). The word-
ing of this item is consistent with conceptualization in other well-
validated scales. Although hopelessness is a broader concept than

KYRON ET AL.4

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al
A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.



which can be captured through a single item, this item was chosen as
it captures that one’s own problems are unsolvable due to personal
deficiencies, and this identity-based hopelessness is purported to
be particularly salient among suicidal individuals (Rudd & Bryan,
2021).

Wish to Live

A single itemwas taken from the Scale for Suicide Ideation (Beck et
al., 1979) to measure patients’wish to live, “In the past day, mywish to
live has been…” measured on a 4-point Likert-type scale (0= none,
1=weak, 2=moderate, 3= strong). Here again, our points regarding
single-item measurement are likely to apply.

Statistical Approach

Multilevel structural equation models (MSEMs) were fit to the data
to examine same-day associations with SAs. An MSEM is useful in
repeated measures designs for partitioning the within (i.e., variance
occurring within an individual or relative to one’s own mean) and
between-level variance (i.e., variance across individuals occurring at
an aggregate level or measuring individual differences). Models focus-
ing on time-lagged associations (i.e., negative affect predicting next-
day SAs) used a residual dynamic structural equation modeling
(RDSEM) framework (Asparouhov et al., 2018). One important con-
tribution of RDSEM models is the application to data that approxi-
mates a time series, including the estimation of two temporal
relationships: (a) cross-lagged effects (e.g., the extent to which
increases in feelings of hopelessness on 1 day are associated with
increased probability of SAs on the next day) and (b) autoregressive
effects (e.g., the extent to which increases in feelings of hopelessness
on 1 day persist on the next day). Each model was specified using ran-
dom intercepts with all other within-level parameters fixed. Both
MSEMs and RDSEM used a Bayesian estimator, which allows com-
putationally intensive modeling, and also provides accurate estimates
for missing data (Asparouhov et al., 2018). Estimates are interpreted
with their 95% credibility intervals, which give the range within
which the “true” relationship is 95% likely to fall. For RDSEM mod-
els, Mplus uses a Kalman filter to account for missing data, which
makes predictions of the next observation based on lagged predictors
that are updated based on observed data (McNeish & Hamaker, 2020).
Therewas found to be no significant correlation betweenmental health
at admission, age, and percent of completed daily reported. There was
weak correlation between (.152, p= .023) between sex and percent of
completed reports, with females significantly more likely to complete
surveys. All analyses were conducted using Mplus Version 8.2
Software (Muthén &Muthén, 2017). Timewas included as a covariate
in each model to take into account the treatment effects evident within
the sample. Negative and positive affect items were first converted into
factor scores through confirmatory factor analyses to take into account
measurement error, and then entered into models.

Model Specifications

Within-level estimates have been standardized for each person sep-
arately, based on their individual variability in the outcome and covar-
iate. These estimates are then averaged across individuals to ensure
comparability. Adequate convergence of the model was evaluated
through proportional scale reduction (PSR) criterion under 1.1
(Asparouhov & Muthén, 2010), which indicates that between-chain

variation is small relative to the within-chain variation (McNeish &
Hamaker, 2020). In addition, trace plots were assessed for an absence
of spikes and trends. A Bayesian estimator was used with 10,000 iter-
ations and a thinning parameter of 10. In the current study all models
exhibited stable PSR of less than 1.01, with trace plots showing no evi-
dence of irregularities. The variance explained by each model is calcu-
lated in Mplus through a pseudo R2, which is calculated for the
continuous latent response variables underlying the factor indicators.
Guidelines regarding the minimum number of time points for
RDSEM are varied; however, the current study has included patients
with a minimum stay of 7 days in RDSEM analyses (i.e., minimum
seven data points per person), and 10 days for the purpose of sensitivity
analyses (Schultzberg & Muthén, 2018). All MSEM and RDSEM
results presented in the current study are standardized, reflecting how
many standard deviations the dependent variable increases, when the
predictor variable increases one standard deviation. Missing data
were imputed using default methods in Mplus (full information max-
imum likelihood in MSEM models; Kalman filter in RDSEM).

Modeled Variables

As new variables were introduced into routine monitoring at a
later time point, separate models were developed using all historical
data from 2009 onward (N= 110; 3,018 observations) and also from
2017 onward when items relating to interpersonal factors, hopeless-
ness, and wish to die were introduced into daily monitoring (n= 52;
1,058 observations). For all 110 patients, data regarding suicidal ide-
ation, negative affect, and positive affect were asked daily. For a
more nuanced examination regarding which aspects of affect were
predictive of SAs (e.g., feeling fresh and rested, anxiety, depression),
supplementary univariate MSEM and RDSEM models were also fit
to the data for each of the items from the WHO-5 and DI-5. That is,
negative and positive affect represent broad constructs; however,
insight into which components are most predictive of SAs may
guide efficient, targeted interventions. Models were also run only
with patients who completed 50% or over of their daily diaries to
examine the impacts of missing data on regression estimates.

Treatment of Variables

In the current study, SAs were treated as a binary outcome (0= no
suicide attempt on that day, 1= suicide attempt occurred on that day).
Within MSEMs and RDSEM, a categorical dependent variable is han-
dled using a probit link function. A positive probit regression coeffi-
cient suggests that the probability of a SA occurring is increased
when the predictor value increases. A larger magnitude means that
this probability increases faster. Coefficients have also been converted
into predicted probabilities to aid further interpretation and presented in
the online supplemental materials. Due to a degree of skew for the
single-item Likert measure of hopelessness (i.e., most patients had
higher levels of hopelessness) it has been treated as an ordered categor-
ical variable in the analyses. In addition, as wish to live was composed
of a 4-point Likert scale, and suicidal ideation a 6-point Likert scale,
both were treated as categorical. Individual items from DI-5 and
WHO-5 scales in regression models were also treated as categorical.

Network Plots

To assess the interconnectedness between independent variables in
MSEM/RDSEM models, multilevel network models were fit to the
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data for patients who attempted suicide (N= 110) and a matched sam-
ple of patients who did not attempt suicide (N= 110). This was con-
ducted using the R package multi-level vector autoregression
(mlVAR) (Epskamp, Waldorp, et al., 2018). This data-driven approach
explores within-and-between person dynamics and allows for an intu-
itive examination of the interconnected, causal pathways between var-
iables. Further, the mlVAR package explores autoregressive and
bidirectional associations between variables at the within level. This
provides amore comprehensive assessment of the associations between
variables that may be obscured by traditional network models that do
not provide distinctions regarding within-and-between level processes.
Three types of network structures were estimated: within-level time-
lagged or temporal, which examines how variables are interconnected
from one day to the next; contemporaneous associations, representing
how variables are associated within the same timeframe; and between-
level, which examines how within-person mean levels of variables are
associated on a larger time scale (e.g., how mean level of affect across
participants relates to the mean level of suicidal ideation; Epskamp,
Waldorp, et al., 2018).
The focus of network models is often the level of centrality of var-

iables in the network, encapsulated by several statistics: closeness (i.e.,
the sum of the shortest paths between all nodes or how quickly a var-
iable affects others in the network), betweenness (i.e., the number of
times a variable is the shortest path or a bridge between other vari-
ables), and strength (i.e., the sum of all absolute edge weights a
node is directly connected to). As the mlVAR network models feature
bidirectional associations, metrics are computed to differentiate
in-strength (i.e., the combined weights of associations directed toward
a node or the extent towhich a variable is directly affected by other var-
iables) and out-strength (i.e., the combined weights of associations
directed out of a node toward other nodes or the direct influence a var-
iable has on other variables at the next assessment). The focus of com-
parisons between the networks of patients with and without SAs is the
relative centrality of variables within the network, which have been
converted into z-scores. A matched sample of 110 patients who did
not attempt suicide were 1:1 propensity score matched based on age,
gender, primary diagnosis, length of stay, and mental health at admis-
sion (as measured through the Depression Anxiety Stress Scale). The
network model configuration applied to this sample was identical to
that of patients who attempted suicide. Network models were com-
pared in a relative sense using the aforementioned standardized central-
ity measures. Centrality scores over 0 in both models indicate a
stronger influence of the variable within the network, whereas scores
below 0 indicate a relatively weaker effect (Epskamp, Borsboom, &
Fried, 2018). As with RDSEM models, an assumption of multilevel
vector autoregressive models is that variables exhibit stationarity to
provide reliable modeling estimates. Tests for stationarity have been
presented in the online supplemental materials, with the majority of
patient data meeting stationarity assumptions, as well as sensitivity
analyses removing cases which violated stationarity tests. Various esti-
mation methods can be applied within mlVAR; however, correlated
contemporaneous and temporal effects were found to best suit the
data. Comparisons of centrality metrics with fixed and orthogonal esti-
mation have been presented in the online supplemental materials.

Modeled Variables

Several models were developed consistent with combinations
used in MSEM/RDSEM models for both groups. The presentation

of mlVAR models within the main manuscript primarily focus on
data including interpersonal, hopelessness, and wish to live items,
in order to determine which broad factors may be interconnected
from day-to-day (n= 43). However, models using individual items
from theWHO-5 and DI-5 scales have been reported in detail within
the online supplemental materials and discussed in-text (n= 96),
while the models using total factor scores from these scales are
shown in online supplemental materials only (n= 96).

Missing Data

Questionnaire completion rates at the hospital historically ranged
from 55% to 77% of patients on a given day. The average percent of
questionnaires completed per patient over an entire visit was 54.2%
for patients who attempted suicide (SD= 34.5%), and 64.7% for
patients who did not attempt suicide (SD= 34.3%). Overall, patients
on average completed 16.85 daily questionnaires (SD= 14.76).
There was found to be no statistically significant correlation between
level of missing data and age (r=−.01, p= .832), nurse rated self-
harm risk (r= .08, p= .236), general mental health (r= .02,
p= .766) as measured by the Mental Health Questionnaire
(MHQ-14), and depression (r= .08, p= .236), anxiety (r=−.03,
p= .707), and stress (r= .04, p= .587) as measured by the
Depression Anxiety and Stress Scale. There was small, but significant
correlations between the level of missing data and gender (r= .15,
p= .023), with females having slightly higher levels of missing data,
and suicidal ideation at admission (r= .17, p= .018), with higher sui-
cidal ideation associated with marginally higher levels of missing data.

Several approaches were trialed to impute missing data, such as
multiple imputation, linear models and linear mixed-effects models,
nearest neighbor, moving average, interpolation, random walk,
smoothing, and a Kalman filter. To evaluate performance, 10% of
completed questionnaire data points were randomly converted to
missing and imputed figures were compared against actual scores.
A Kalman filter approach was found to produce the lowest amount
of error (based on mean absolute error and root-mean-square
error). This approach uses observed values and the underlying
dynamics of the time series to estimate the missing values, and iter-
atively updates its estimate based on the current measurement and
the previous estimate. Imputation was conducted using the
imputeTS package in R (Moritz & Bartz-Beielstein, 2017). For
mlVAR models, results have been presented with missing data
imputed. For RDSEM models in Mplus, a Kalman filter is the
default method of imputation Mplus, while full information maxi-
mum likelihood is used in MSEM models.

Transparency and Openness

Data are not made publicly available due to agreements with the
research hospital, although analysis code can be shared upon
request. This study was not preregistered.

Results

Sample Characteristics

In total, 110 patients attempted suicide, with 124 SAs occurring in
total (Table 1). The sample was predominantly female and not in a
relationship at the time of admission. The historical average length
of stay for the hospital is approximately 16 days, reflecting the
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severity of the current sample with an average length of stay of
24.9 days. For patients who attempted suicide, 54.4% were trans-
ferred to an external medical facility and 29.8% required enhanced
observation. The demographic characteristics of the matched sample
are reported in Table S1 in the online supplemental materials.
Patients who attempted suicide completed questionnaires on roughly
54% of days during their stay. Among patients who attempted sui-
cide, the primary diagnosis was an affective disorder (59.1%), neu-
rotic (18.2%), or personality disorder (10.0%). Correlations between
predictors and average scores on each item/scale on the day of an
attempt, the day prior, and every other day at the hospital have
been reported in the online supplemental materials.

Concurrent Associations With SAs

Univariate associations between SAs and suicidal ideation, and
negative and positive affect were first assessed for 110 patients
(3,018 observations; Table 2). Increases in suicide ideation and
negative affect were significantly associated with attempting sui-
cide during the same day, accounting for 10% of variance in SAs.
However, in the multivariate model only suicidal ideation
remained significantly associated with SAs. When assessing indi-
vidual items from the negative affect scale (DI-5) together in one
model, higher-than-usual feelings of depression were signifi-
cantly associated with SAs on the same day above and beyond

the effect of suicide ideation (β= .18, 95% credibility interval
[CI]= [.02, .34]). No univariate associations for positive affect
items (WHO-5) were statistically significant (Tables S4 and S5
in the online supplemental materials).

We subsequently evaluated whether interpersonal difficulties,
hopelessness, and wish to live were associated with making a SA
during the same day for the 52 patients who attempted suicide and
completed assessments of these factors during their inpatient stay
(1,058 observations). This revealed that suicidal ideation, perceived
burdensomeness and hopelessness were concurrently associated
with higher probability of SAs, while wish to live was negatively
associated in univariate models. In a subsequent multivariate
model only perceived burdensomeness remained a significant pre-
dictor. The pseudo R2 statistic indicates that the predictors explained
16% of within-level variance in SAs. When running models only for
patients that completed at least 50% of their daily diaries (80.7%
average completing rate overall), there were no significant differ-
ences in models results, with burdensomeness remaining the only
significant predictor (β= .15, 95% CI= [.01, .30]).

Time-Lagged Associations With SAs

Univariate associations between suicidal ideation, negative and
positive affect, and next-day SAs were first assessed for 96 patients
in the sample with over 7 days of daily data (2,932 observations;

Table 1
Demographic Characteristic of the Total Sample (N= 110) and Data Available From 2017 Onward (N= 52)

Demographic characteristic

Total sample N= 110 2017 onward sample N= 52

Frequency or M
Proportion
or SD Frequency or M

Proportion
or SD

Sex
Female 86 78.2% 34 72.3%
Male 24 21.8% 13 27.7%

Marital status
Single 59 78.3% 32 68.1%
Widow/widower — — — —

Divorced 7 6.4% 2 4.3%
Separated 9 8.2% 3 6.4%
Married/defacto 35 31.8% 10 21.3%

Age 35.3 (min= 14, max= 77) (SD= 15.8) 32.6 (min= 14, max= 77) (SD= 15.2)
Average length of stay 24.9 days (min= 1 max= 78) (SD= 19.0) 19.5 days (min= 1 max= 58) (SD= 12.9)
Diagnosis (ICD-10 classification)
Adult personality disorder 11 10.0% 6 12.8%
Mood affective disorders 65 59.1% 31 66.0%
Behavioral disorder — — — —

Behavioral/emotional disorder with childhood/
adolescence onset

1 0.9% — —

Neurotic, stress-related 20 18.2% 4 8.5%
Disorders of psychological development — — — —

Other 1 0.91%
Schizophrenic 7 6.4% 2 4.3%
Substance disorder 5 4.5% 4 8.5%

Prior inpatient suicide attempts 14 15.6% 7 14.9%
Nurse rated self-harm risk (HONOS)—prior 2 weeks
None 19 17.3% 6 12.8%
Fleeting 16 14.5% 7 14.9%
Low 18 16.4% 8 17.0%
Moderate 33 30.0% 13 27.7%
Serious 24 21.8% 13 27.7%
Average percent of self-reports completed 54.2% (min= 0% max= 100%) 34.54% 64.7% (min= 4.5% max= 100%) 34.3%

Note. ICD= International Classification of Diseases; HONOS=Health of the National Outcome Scale.
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Table 2). Only suicidal ideation was significantly associated with
SAs, accounting for 6% of variance in SAs. When assessing individ-
ual items from the negative (DI-5) and positive affect (WHO-5),
only suicidal ideation exhibited a significant univariate association
with SAs (see online supplemental materials). Further, this associa-
tion remained when rerunning the model for patients with a length of
stay of 10 or more days (wCL= .25, 95% CI= [.12, .37]).
Table 3 shows prospective results for 43 patients who attempted

suicide and completed assessments of interpersonal difficulties,
hopelessness, and wish to live during their inpatient stay (at least
7 days; 1,020 observations). Perceived burdensomeness and hope-
lessness were associated with a higher probability of SAs on the
next day, while wish to live was associated with lower risk. In a sub-
sequent multivariate model, only hopelessness remained a signifi-
cant predictor for a SA on the next day. The pseudo R2 statistic
indicates that the predictors explained 15% of within-level variance
in SAs. When running models only for patients that completed at
least 50% of their daily diaries (81.6% average completing rate over-
all), there were no significant differences in models results, with
hopelessness remaining the only significant predictor (wCL= .27,
95%CI= [.02, .58]). Further, this association remained when rerun-
ning models for patients with a length of stay of 10 or more days
(wCL= .33, 95% CI= [.02, .57]).

Connectedness Between Predictors

Multilevel network models were fit to the data to examine the
interconnectedness between positive and negative affect scores,
and suicidal ideation, interpersonal, hopelessness, and wish to live
data for patients who attempted suicide (Figure 1A) and those who
did not (Figure 1B). Additional models were also fit to the data
using individual items from the DI-5 and WHO-5 scales, as well
as total negative and positive affect scores.

For the model that was fit to data for patients who attempted sui-
cide, suicidal ideation and hopelessness exhibited higher centrality
relative to other variables among patients who attempted suicide
(n= 43; Figure 2). Hopelessness exhibited high betweenness and
closeness, while suicidal ideation exhibited high closeness. Both
variables exhibited higher out-strength, which suggests they have a
strong direct influence on other variables within the network. For
instance, hopelessness predicted higher next-day suicidal ideation,
burdensomeness, and negative affect. These were notably higher
than in the network of patients who did not attempt suicide during
their stay (n= 43). In addition, perceived burdensomeness exhibited
relatively higher in-strength among patients who attempted suicide,
indicating it is more susceptible to activation from other nodes
amongst these individuals. Contemporaneous and between-level

Table 2
MSEM Univariate and Multivariate Probit Regression Models Assessing Standardized Within-Level Concurrent (Left Panel; N= 110) and
Time-Lagged (Right Panel; N= 96) Predictors of Suicide Attempts

Predictors (T)

Same day suicide attempt (T) Next-day suicide attempt (T + 1)

Univariate Multivariate Univariate Multivariate

Std. estimate [95% CI] SE Std. estimate [95% CI] SE Std. estimate [95% CI] SE Std. estimate [95% CI] SE

Suicidal ideation .29 [.16, .40]* .062 .30 [.13, .46]* .092 .17 [.08, .27]* .049 .17 [.08, .27]* .049
Negative affect .19 [.06, .33]* .068 −.02 [−.20, .16] .082 .07 [−.04, .18] .056 — —

Positive affect −.04 [−.17, .09] .066 — — −.07 [−.19, .06] .066 — —

R2= .10 R2= .06

Note. Variableswith nonsignificant univariate associationswith suicide attemptswere not included in thefinalmodel. Statistically significant associations are boldfaced.
Note that data for 14 patients were not included in residual dynamic structural equationmodelingmodels due to an insufficient length ofModel 4, leaving a total sample of
96 patients. Time (current length of stay) is included as a covariate in each model. MSEM=multilevel structural equation model; Std.= standardized.
* Statistically significant parameter, as indicated by the 95% credibility interval not including 0.

Table 3
Univariate and Multivariate Probit Regression Models Assessing Standardized Within-Level Concurrent (Left Panel; N= 52) and
Time-Lagged (Right Panel; N= 43) Predictors of Suicide Attempts

Predictors (T)

Same day suicide attempt (T ) Next-day suicide attempt (T + 1)

Univariate Multivariate Univariate Multivariate

Std. estimate [95% CI] SE Std. estimate [95% CI] SE Std. estimate [95% CI] SE Std. estimate [95% CI] SE

Suicidal ideation .24 [.08, .40]* .083 .07 [−.17, .31] .123 .16 [−.04, .37] .107 — —

Negative affect .11 [−.06, .28] .087 — — .12 [−.06, .30] .092 — —

Positive affect .02 [−.13, .18] .069 — — −.13 [−.33, .06] .101 — —

Perceived burdensomeness .34 [.18, .49]* .079 .29 [.06, .48]* .108 .24 [.07, .41]* .086 .16 [−.07, .37] .113
Thwarted belongingness .17 [−.01, .32] .084 — — .14 [−.06, .30] .093 — —

Hopelessness .29 [.07, .48]* .106 .08 [−.21, .36] .147 .32 [.12, .50]* .099 .29 [.00, .53]* .136
Wish to live .26 [.05, .45]* .104 .05 [−.26, .30] .145 −.25 [−.44, −.05]* .101 −.05 [−.31, −.20] .132

R2= .16 R2= .15

Note. Variables with nonsignificant associations with suicide attempts were not included in the final model. Significant associations are boldfaced. Note that
data for nine patients were not included in residual dynamic structural equation modeling models due to an insufficient length of stay, leaving a total sample of 43
patients. Time (current length of stay) is included as a covariate in each model. Std.= standardized.
* Statistically significant parameter, as indicated by the 95% credibility interval not including 0.
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results have been presented in Figure 3. Among patients who
attempted suicide, wish to live was associated with lower same-day
ideation, while negative affect was associated with higher same-day
suicidal ideation. Affect was also interconnected with other cogni-
tive–affective states, such as higher burdensomeness, hopelessness,
and lower wish to live and positive affect.

Supplementary Models

For the model that fit individual items from the negative (DI-5) and
positive affect scales (WHO-5) for the 96 patients who attempted sui-
cide, feeling fresh and rested and feelings of anxiety exhibited high
betweenness centrality, indicating they act as a critical bridge or medi-
ator between other nodes in the network. For instance, feelings of anx-
iety were associated with a lower likelihood of feeling fresh and rested,
which in turn tended to be associated with feeling interested and active
on the next day. Feeling calm and relaxed exhibited higher closeness
and out-strength relative to other variables in the network, andwas asso-
ciated with lower feelings of not coping and suicidal ideation from
day-to-day. Feelings of anxiety exhibited relatively high in-strength,
suggesting it tended to be influenced directly by other variables more
than it influenced other variables. In the network of 96 patients who
did not attempt suicide, depressed mood had notably higher between-
ness and out-strength relative to the suicide sample.

Discussion

To our knowledge the current study is the first to prospectively
examine the daily within-person dynamics associated with SAs
(Aim 1). The study found that deviations in perceived burdensome-
ness were associated with same-day and next-day SAs. This is con-
sistent with prior evidence suggesting increases in perceived
burdensomeness are associated with prior SAs in cross-sectional

studies (Brezo et al., 2006; Hill & Pettit, 2014), and negative inter-
personal life events (specifically related to a romantic partner) tend
to precede SAs in retrospective recall research designs (Bagge et
al., 2013). In addition, we found that increased levels of hopeless-
ness predicted increased risk for SA on the next day. Both factors
may therefore be relevant risk factors to incorporate into dynamic
predictive models for SAs. Although increases in wish to live
and suicidal ideation exhibited significant univariate associations,
they became nonsignificant in the final multivariate models.

Various theories of suicide, most notably the interpersonal theory
of suicide (Joiner, 2005), posit that interpersonal problems, especially
when combined with hopelessness that interpersonal problems will
improve, are important drivers of short-term fluctuations in suicidal
ideation, and other dispositional factors are largely responsible for
the transition from thoughts to action (e.g., acquired capability). The
current study finds that increases in perceived burdensomeness are
predictive of SAs on the next-day beyond suicidal ideation, potentially
suggesting that its effect on SAs is not simply due to increased suicidal
thoughts; support for hopelessness emerged as well. However, there
may be other plausible explanations. Certain individuals may not dis-
close their suicidal thoughts leading up to or on the day of an event,
and other related variables may effectively capture suicidal intent.
Alternatively, given the variability of suicidal ideation within a single-
day, periods of diminished or heightened ideation may be missed
through daily assessments, and predictive utility differs dependent
on sampling densities (Coppersmith et al., 2023; Kleiman et al.,
2017). Nursing staff may also have acted to prevent some incidents
of suicide when suicidal ideation was reported by patients, which
means the associated between ideation and SAs may be attenuated.
Further, suicidal ideation may only represent part of a broader picture,
whereby other suicidogenic factors are critical in capturing short-term
risk of suicide (Bryan et al., 2022). In addition, certain potentially

Figure 1
mlVAR Network Models for Patients Who Attempted Suicide, and Those That Did Not

A) Within-Level Temporal B) Within-Level Temporal 

Suicide Attempt Sample No Suicide Attempt Suicide

Note. (A) Within-level temporal relationships between self-report items for patients who attempted suicide, including
interpersonal items, hopelessness, and wish to live. Circled arrows represent autoregressive associations. Straight arrows
indicate lagged associations between variables. (B)Within-level temporal relationships between self-report items for patients
who did not attempt suicide. In both graphs, green (dark gray in print) arrows indicate positive relationships, while red (light
gray in print) arrows suggest negative associations. mlVAR=multi-level vector autoregression; T.Belong= thwarted
belongingness; SI= suicidal ideation; Hope= hopelessness; Neg= negative affect; Pos= positive affect; P.Burden=
perceived burdensomeness; WTL=wish to live. See the online article for the color version of this figure.
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important aspects of suicidal ideation were not measured (e.g., intent,
intent with specific plans), and may account for more variance in SAs.
Regardless, among people with a history of SAs the daily fluctuation
in interpersonal difficulties may signal short-term, high-risk periods
for SAs that requires intervention.
Another important finding of the study was the identification of

hopelessness and suicidal ideation as the most central variables in net-
work analyses (Aim 2). This may point to the notion of a “suicide
mode,” whereby cognitive, affective, and behavioral subsystems are
activated in vulnerable individuals, and during a time-limited window
may exacerbate maladaptive beliefs (Beck, 1996; Rudd, 2000).
Further, the strong out-strength of hopelessness in the network sup-
ports the theoretical position that an acutely suicidal state is often char-
acterized by a degree of hopelessness (Beck, 1996; Rudd, 2000). In
other words, our findings provide preliminary evidence that “hope-
lessness” represents the central component of a “suicide mode.”
Hopelessness in the current study in part captures that one’s own prob-
lems are unsolvable due to personal deficiencies, and reflects

perspectives that identity-based hopelessness is central to the suicide
mode (Rudd, 2006; Rudd & Bryan, 2021).

Findings from the current study underscore the importance of rou-
tinely monitoring the thoughts and feelings of inpatients (beyond sim-
ply measuring suicidal ideation), which can inform clinicians’
interventions to prevent adverse events during hospital stays. The cur-
rent study focused on evaluating how daily fluctuations from typical
levels across all patients may be associated with SAs, and in practice
could signal periods of heightened risk. A person-centered approach
allows for identification of when particular risk and protective factors
deviate from normal levels for a particular individual. When data are
received on a daily basis, this information could be used to assist in
identifying individuals at risk of self-harm, and also provide targets
that can be integrated into therapy (Joiner et al., 2009). For instance,
whether hopelessness, suicidal thoughts, and/or burdensomeness are
elevated for an individual allows for specific feedback to clinicians.
Future research may look to incorporate more intensive self-report
assessments (i.e., multiple times daily) to examine more fine-grained

Figure 2
Centrality Metrics for the Models That Included Interpersonal Items, Hopelessness, and Wish to Live (n= 43)

Note. SI= suicidal ideation; WTL=wish to live; Pos= positive affect; Neg= negative affect; Hope= hopelessness; P.Burden= perceived burdensome-
ness; T.Belong= thwarted belonging. See the online article for the color version of this figure.
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temporal relationships with SAs, including day and night effects, and
to ensure high risk periods are captured. Further, other variables not
measured in the current study may be important to account for more
variance in SAs, such as entrapment, defeat, and unbearability
(Bryan et al., 2022; O’Connor, 2011).
When examining specific aspects of positive and negative affect in

network models, feeling fresh and rested, and calm and relaxed exhib-
ited high centrality. These models were fit to data from a broader sam-
ple (i.e., all 110 patients) than the aforementioned results, which do not
allow for direct comparison. Nonetheless, findings also suggest these
parameters potentially represent key risk-reduction factors, malleable
by targeted interventions. Feeling fresh and rested and anxiety exhib-
ited higher in-strength than for patients who did not attempt suicide,
suggesting that it was more likely to be affected by other risk and pro-
tective factors from day-to-day when compared with patients who did
not attempt suicide, and are therefore more susceptible to activation
among patients who attempt suicide. A key point from a clinical per-
spective is therefore directing resources toward factors which can be
targeted with greatest efficiency; this may warrant mindfulness-based
therapy and dialectical behavior therapy (Linehan et al., 1999) which

bolster feelings of coping and being calm and relaxed. Alternatively,
sleep-based interventions, such as psychopharmacology and cognitive-
behavior therapy for insomnia including sleep hygiene, may help
patients to feel fresh and rested from day to day. However, if negative
affective states diminish sleep quality, then such interventions may
prove ineffective if the root cause of the disruption is not targeted.
Our observational findings may embody important clinical implica-
tions, as treatments enhancing and promoting these factors can poten-
tially be helpful; however, causal relationships can only be established
by randomized intervention trials.

Predictive models based on routinely collected patient data may
also aid timely decision making in clinical settings which are
often limited by available resources. Incorrect treatment of at-risk
patients can have significant costs, including those required to attend
to patients (i.e., addressing wounds, increased observation, updating
incident registers) and potential litigation. An important caveat to the
current study’s findings is that the performance of factors in the cur-
rent study have not been evaluated in a real-world context among all
patients (i.e., including patients who did not attempt suicide) and in
different psychiatric settings. Among patients who attempted suicide

Figure 3
Contemporaneous Associations Indicate Same-Day Associations, While Between-Level Represent
Associations Between Averages in Variables Across Patients

Suicide A�empt No Suicide A�empt 

Contemporaneous Contemporaneous 

Between Between 

Note. T.Belong= thwarted belongingness; SI= suicidal ideation; Hope= hopelessness; Neg= negative affect;
Pos= positive affect; P.Burden= perceived burdensomeness; WTL=wish to live. See the online article for the
color version of this figure.
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only 15% of within-person variance was accounted for, indicating
that a number of other unmeasured or unmeasurable factors may
influence suicidal behaviors from day-to-day, including such factors
as opportunity to attempt, which may be somewhat limited in set-
tings like the current one, and which can be challenging to operation-
alize. Further, the impacts of risk and protective factors may not
always be heterogeneous, and development of personalized models
(e.g., group iterative multiple model estimation; see Kaurin et al.,
2022) may be a logical progression of research aiming to leverage
the power of routinely collected patient data.
It is important to note that the current study consisted of a select

sample of 110 patients who had attempted suicide throughout their
stay out of a significantly larger sample of patients who did not attempt
suicide. This approach provides an indication of when an individual is
likely to attempt suicide, rather than simply who is at-risk like prior
research. As the vast majority of patients do not attempt suicide, pre-
dicting SAs using a limited set of daily predictors will likely result in a
large number of false positives. That is, many patients will experience
fluctuations in burdensomeness and affect, but for only a limited num-
ber of patients will this result in a SA. In practice, prediction of SAs
requires an understanding of both the who and when to produce accu-
rate models with low false-positive rates (Kessler, 2019). Prediction of
suicide to date has suffered from overinclusive predictive models that
suggest an individual will self-injure, when no such attempt actually
occurs (Large & Ryan, 2014). This may lead to inefficiencies in the
allocation of clinical resources, whichmay result in a failure to prevent
SAs or result in the containment of individuals at low risk. A two-step
approachmay be beneficial: firstly, identifying trait-like predictors that
capture a high proportion of individuals likely to attempt suicide at
some point, such as prior self-harm and low distress tolerance; sec-
ondly, monitoring dynamic state-like factors that may indicate immi-
nent high-risk periods, as is done in the current study. This approach
has been outlined in the fluid vulnerability theory of suicide (Bryan &
Rudd, 2016; Rudd, 2006), which assumes that there are nonlinear
dynamics between trait and state risk/protective factors for suicide.
For instance, recent research has found that clinical inpatients with
lower distress tolerance were more likely to experience suicidal
thoughts on days when experiencing interpersonal adversity (Kyron
et al., 2022). The current study provides an indication of factors that
act as state-like risk factors for suicide that can be integrated in future
research assessing interactions with distal or trait-like risk factors.

Limitations and Directions for Future Research

The current study has several important limitations that provide
pathways for future research. Firstly, the sample was predominantly
female, which likely reflects the relatively higher proportion of
females with mood disorders and hence the numbers referred to
the hospital for therapy, limiting generalizability to wider (nonclin-
ical) populations. Second, due to the low prevalence of SAs (124
attempts across 110 patients), we observed large credibility intervals
around estimates. Therefore, the present findings should be consid-
ered preliminary, with future work with larger samples required to
replicate these findings. To our knowledge, however, the current
study is the first to examine daily associations with SAs and provides
an important indication of short-term risk factors. Third, the findings
from the current study should be interpreted within an inpatient con-
text, and may not necessarily reflect circumstances in an outpatient
context. Relatedly, it is unclear the extent to which suicidal ideation

may be used instrumentally by patients to avoid or receive desired
clinical contact. Further, safety protocols within a clinical environ-
ment may have prevented SAs despite increases in risk factors and
reductions in protective factors, thus potentially attenuating effects
identified in the current study. Similar research should be conducted
with other non-inpatient samples to confirm these findings. Fourth,
nursing staff may have incorrectly coded SAs as nonsuicidal self-
injury, or vice versa. Although it is not possible to determine
whether such classification errors were made, several practices are
in place at the hospital to mitigate the likelihood of these errors
(e.g., training, daily suicide risk assessment forms, discussions
with the patient, other nurses and psychiatrists following self-
injury). Fifth, due to the limited number of patients who attempted
suicide, it was not feasible to conduct analyses by sex and different
age groups. However, the associations between risk and protective
factors and SAs may differ between groups and should be explored
in future research. Lastly, single-itemmeasures were used for several
constructs, including hopelessness, wish to live, and suicidal idea-
tion. These variables are multifaceted, and particular components
were prioritized based on theory and prior research. This includes
a focus on active, rather than passive suicidal ideation (Joiner et
al., 2009), and a focus on identity-based hopelessness consistent
with Rudd and Bryan (2021). For example, other aspects of suicidal
ideation, such as intent, method, and plan, may be important aspects
differentiating who will attempt suicide on particular days.
Relatedly, four items were used to develop a “negative affect”
score, a short-hand label which was used to be consistent with
Kyron et al. (2023) and conceptually were defined to reflect poten-
tially transient emotional states. However, these particular items
(i.e., worthlessness) may also encapsulate broader aspects of psycho-
logical distress, particularly if persistent, and therefore results should
be interpreted with this in mind. Further, specific items also captured
aspects of daily life that may operate differently within an inpatient
setting (e.g., I have felt supported, I have felt close to others), given
the more restricted contact outside of the hospital. Although results
should be interpreted within the context of an inpatient setting,
patients were still allowed visits and calls to family or friends, and
these items still exhibited high variability from day-to-day. Results
should therefore be interpreted with these limitations in mind, as
the brevity required for daily assessments within psychiatric care
limit the ability to explore a wider range of constructs and also mul-
tiple components of specific constructs. It is also important to note
that the length of stay of the current sample differs from those that
may be evident within other settings globally, with differences
noted between public and private psychiatric settings, and across
countries. For instance, the maximum reported mean length of
stay in the United States in a systematic review of 30 studies was
24.9 days, which matches the current sample (Navarro et al., 2021;
Tulloch et al., 2011), while in a review of high-income European
nations the average length of stay for hospitalized psychiatric
patients was 39.4 days (ranging from 17.9 mean days to 55).

Conclusion

The current study explored the same and next-day associations
between a range of risk and protective factors for SAs in a clinical
sample. Fluctuations in perceived burdensomeness, suicidal idea-
tion, and hopelessness were significantly associated with near-term
SAs. The high connectedness of hopelessness in SA networks
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suggests it may also be an effective target during therapy to prevent
patients attempting suicide. Fluctuations in cognitive–affective
states, and suicidal ideation, may therefore provide a warning sign
for SAs and targets during therapy. Incorporating measures of trait-
like risk/protective factors is an important direction for future
research, as well as further understanding the time scale in which
risk and protective factors affect risk of SAs.
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