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Abstract

Objective. Substance use (SU) is often characterized as an affect regulation strategy. Yet,
evidence is mixed for SU’s acute affect regulation function, particularly in clinical populations and
substances beyond cannabis and alcohol. We examined the affective antecedents and consequences
surrounding use of alcohol, cannabis, and other substances among a high-risk clinical population.

Method. Recently suicidal adults receiving psychiatric inpatient care (A = 95) completed baseline
measures followed by 28-days of ecological momentary assessment after discharge. Seven daily
surveys assessed current negative and positive affect (NA and PA, respectively) and SU.

Results. Within-person increases in affective intensity predicted any SU; any SU then predicted
decreased affective intensity. When alcohol, cannabis, and other SU were analyzed separately,
elevated NA predicted cannabis and other SU, while decreased NA predicted alcohol use. Further,
alcohol use predicted subsequent increased NA, while cannabis use predicted decreased NA,

and other SU predicted decreased PA. Sensitivity analyses were mixed, wherein the relationship
between any SU and affect became somewhat more robust, while results considering each
substance separately became non-significant.

Conclusions. Although affective antecedents are consistent with SU as an aftempt at affect
regulation, use itself did not reliably improve affect in this high-risk clinical sample, highlighting
the va;ie of other affect regulation strategies as intervention targets given the risks of SU. Future
research should examine real-time changes in affect to understand the reinforcement properties
of various substances, and to explore the drivers and outcomes of the potential affect regulatory
function of cannabis use in high-risk adults.
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Suicidal thoughts and behaviors (STBs) remain a nationwide concern with approximately
2.2 million U.S. adults attempting suicide in 2024 alone (National Institute of Mental
Health, 2025). Despite stabilization efforts during admission, approximately 50% of
admitted psychiatric inpatients report recent STBs (Qiesvold et al., 2012), making them

a particularly high-risk clinical population. Alarmingly, nearly 55% of suicide deaths occur
in the week following inpatient psychiatric discharge (Bickley et al., 2013), suggesting acute
risk during this time. Higher risk for suicide during this acute period may be explained

by other common risk factors experienced by those with STBs. For example, alcohol and
substance use disorders (SUDs) significantly increases vulnerability to STBs (Wilcox et al.,
2004), and more than half of psychiatric inpatients are estimated to have SUDs (Lehman et
al., 1994).

Among adults with serious mental illness, rates of substance use (SU) tend to be highest
within 30 days of psychiatric hospitalization (Bahorik et al., 2013). Beyond increasing risk
for STBs v increased psychological distress, SU may also heighten capability for suicide via
increased impulsivity and exposure to environmental factors associated with risky behavior
(Conner & llgen et al., 2011). Notably, SU and some STBs (e.g., preparatory behavior)
may be used as affect regulation strategies among high-risk populations (Baker et al.,
2004). SU behaviors may be positively reinforced when they are perceived to work (i.e.,
the aversive emotion state is improved following use of a substance), thereby increasing
the long-term risk for recurrent SU and STBs (including suicide attempts; Cho et al.,

2019; Kuehn et al., 2022). These findings underscore the central roles of affect and SU

for populations characterized by particularly heightened acute STB risk, such as recently
discharged psychiatric inpatients.

Substance Use and Affect

SU has been directly linked to both positive affect (PA) and negative affect (NA) intensity
(i.e., strength of experience of emotional states from very low to very high; APA, 2018). The
role of affect in SU is captured by several theories within the SU literature, evolving from
the Self-Medication Hypothesis to the Affect Regulation Hypothesis (ARH).

Self-Medication Hypothesis (SMH).

Developed in the 1970’s from clinical observations and rooted in a psychodynamic
perspective, the Self-Medication Hypothesis (SMH) developed by Khantzian (1974, 1987,
2003) posited that attempts to alleviate distress and psychiatric symptoms are the primary
driver of maladaptive SU. At a time when many researchers focused on pleasure-seeking
or self-destructive aspects of SU, the SMH argued that problematic SU was less purposed
to increase PA and more so purposed to reduce dysphoria (Tronnier, 2015). Of note, the
SMH postulated that one’s substance of choice was largely dependent on the specific
pharmacological effects of the drug and its impact on the type of NA it was intended to
address. The SMH offered a compelling explanation for the close link between SU and
psychiatric disorders and quickly dominated the SU literature, evinced by an exponential
uptick in use of the term “self-medication” in publications following its introduction
(Lembke, 2012).
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However, the SMH has been criticized for its inability to fully capture the complex
etiological processes associated with SU disorders (Tronnier, 2015; Lembke, 2012) and

an overall lack of evidentiary support, often impacted by the challenges associated with self-
reported retrospective assessments (Tronnier, 2015). In one case, for instance, 42% of people
endorsed depressive symptoms while drinking alcohol, though this rate dropped to merely
6% after four weeks of abstinence, suggesting a pathway from alcohol use to depressive
symptoms rather than vice versa (Brown & Schukit, 1988). The intuitive nature of the

SMH is often reflected in how individuals characterize, in aggregate, their experienced
relationships between emotional distress and SU, but is not routinely supported when
prospective assessment of symptoms and use is incorporated, likely related to difficulty
discerning between substance-induced and psychiatric symptoms. Overall, criticisms of the
SMH called for a focus on more comprehensive explanations of maladaptive SU from
biopsychosocial perspectives (Tronnier, 2015), and even more bluntly, reconsideration of

a more parsimonious idea: perhaps individuals with SU disorder use substances for the

same reasons all individuals use substances, including “pleasure, fun, social pressure,
environmental triggers, access, reinforcement, and addiction” (Lembke, 2012). In any

case, the SMH has had a significant impact on the SU literature and brought emotional
dysregulation to the forefront of study as a key process that may be implicated in SU, paving
the way for the ARH developed in the 1990’s (Gross, 1998).

Affect Regulation Hypothesis.

Where the SMH focuses more specifically on SU as an external, behavioral, maladaptive
coping mechanism for distress and psychological symptoms (Blume et al., 2000), the ARH
provides a more general perspective on both adaptive and maladaptive internal processes
intended to regulate affect applicable to a wide range of affect-regulating behaviors. Within
the ARH, dysregulated behaviors, including SU, may be used as affect regulation strategies
(i.e., to alleviate aversive emotion states; Baker et al., 2004). This hypothesis relies on

two components: the antecedent and the consequence. The antecedent hypothesis examines
affective states that precede dysregulated behaviors; if these behaviors are used to regulate
one’s emotions, we should observe NA increases before engagement in dysregulated
behaviors, such as alcohol use (Dvorak et al., 2014) and STBs (Kuehn et al., 2022).

For example, findings from Stasiewicz and colleagues’ (2013) randomized control trial
demonstrated that facilitating more adaptive affect regulation strategies in the treatment of
alcohol use disorder (AUD) led to greater reductions in alcohol consumption, suggesting
that individuals with AUD perceived alcohol use as a means of alleviating NA and benefit
from adopting alternative regulation strategies. The consequence hypothesis examines what
occurs affectively following the engagement in such behaviors; if ARH is accurate, these
behaviors should be followed by within-person decreases in aversive emotional states.

This process then acts as automatic negative reinforcement (whereby the removal of an
undesirable stimulus serves to increase a behavior; Skinner, 1963), which increases the
likelihood that someone will turn to the same dysregulated behavior as a future response to
changes in affective intensity.

However, as outlined by Dora and colleagues (2024), the story of the ARH is similar
to that of the SMH. Self-report studies yield strong support for the ARH: individuals
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frequently report using substances as a way to regulate their emotions (Kuntsche et al.,
2005; Lee et al., 2007), and greater self-reported motivation to use substances to cope is
linked to greater SU (Bresin & Mekawi, 2019). That said, retrospective self-report studies
may be limited by inaccurate recall, especially for clinical populations. Specifically, among
those with depressive symptoms, recall and attentional bias tend to be skewed towards
negative, intense events (Gotlib et al., 2004). Emotional experiences are frequently under-
or over-estimated when recalled (Ottenstein & Lischetzke, 2020), particularly for those
with low levels of emotional clarity (Vine & Aldao, 2014) commonly associated with
psychopathology where SU is a concern (Lieble & Snell, 2004). Specifically, as SU is

a largely within-person phenomenon, global self-reports—often retrospective estimates of
one’s past emotions, behaviors, or motivations—may not accurately capture how SU is
actually related to affective alterations. For example, individuals self-reporting reasons for
SU may inadvertently misreport reasons for SU in an attempt to conform with social
desirability (Gmel et al., 2012). To address limitations of global reports, researchers have
shifted to “real-time” methods (Davidson et al., 2017).

Real-Time Assessment Methods to Evaluate the ARH

Ecological momentary assessment (EMA) involves gathering real-time data in an
individual’s natural environment (Shiffman et al., 2008), capturing moment-to-moment
fluctuations in affective and other states. Many teams have begun using EMA approaches

to measure the ARH; in fact, in a 2023 meta-analysis, Dora and colleagues (a) synthesized
evidence for daily and momentary associations of alcohol use in relation to both PA and NA
across 69 EMA studies. Findings overwhelmingly suggested that people are not more likely
to drink on days they experience NA,; in fact, they are more likely to drink heavily on days
high in PA, counter to previous findings (Park et al., 2004). However, such findings lack
clarity as to whether affective intensity at the day-level are consistent with patterns observed
for momentary fluctuations in affect preceding SU, with existing findings inconsistent. For
example, when examining both daily and momentary affective states among a sample of
psychiatric outpatients, alcohol use was more robustly associated with increased PA at both
the momentary and day levels than NA (Trull et al., 2015). Alternatively, among moderate
drinkers, some research supports an affect regulation motivation of alcohol use, where
momentary NA preceded alcohol use (Dvorak et al., 2014), while other research finds little
to no evidence of the ARH, with only PA predicting next-moment alcohol consumption
(and NA being associated with decreased next-moment alcohol consumption; Duif et al.,
2020). Some additional findings reveal no association between affective states and alcohol
use (Littlefield et al., 2012), while others revealed increases in PA following alcohol use,
which is again, in favor of the ARH (Courtney & Russel, 2021).

Likewise, there are mixed findings regarding the ARH in relation to cannabis use. In line
with the ARH, some studies, across adult and young-adult samples, suggest that increased
NA (Buckner et al., 2012; 2013; Shrier et al., 2014) and decreased PA (Testa et al., 2019)
precedes cannabis use. Other studies have reported opposite effects, wherein cannabis use
is less likely to occur after NA, but is more likely after PA (Dora et al., 2022). Within a
clinical sample with AUDs, results indicates that within-person elevations in NA (but not
PA\) predicted increased odds and quantity of drinking later in the day (Walsh et al., 2023).
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Overall, studies examining affect in relation to SU have yielded mixed results. Importantly,
existing research has been conducted largely among college-student samples or community
samples, with less emphasis placed on clinical samples (Dora et al., 2023a) where the stakes
for appropriate identification of factors contributing to the etiological processes of SU are
arguably higher and the negative-affect-substance use pathway is most relevant (Koob &

Le Moal, 2008). In addition, little EMA research has examined the ARH in relation to
multiple types of SU or substances beyond that of cannabis and alcohol (Singh & Bjoérling,
2019; Serre et al., 2012). More comprehensive EMA data on specific SU types can provide
useful information for treatment planning and can identify risk and protective factors for SU
engagement in this high-risk population.

Purpose and Hypotheses

Methods

Taken together, prior work suggests that patients recently discharged from inpatient
psychiatric treatment are at a higher likelihood for intense affective states and dysregulated
behaviors. Theories suggest these intense emotions may contribute to SU, though evidence
largely derived from college students and community samples (Dora et al., 2023a) has
provided mixed support for this hypothesis. That said, few studies have examined frequent
affective changes and SU as they unfold over brief periods in daily life among a higher-risk
sample of recently discharged psychiatric inpatients. Further, few studies have examined
how the use of multiple substance types (i.e., alcohol, cannabis, and other substances) may
evince unique patterns of affective change, as suggested by self-report discrepancies on the
motives and functions of, for instance, alcohol and cannabis use (Patterson et al., 2020).
Thus, it is currently unclear to what extent momentary changes in PA and NA following
discharge from inpatient psychiatric care are related to ongoing SU among this population.

Therefore, the purpose of the current study is to examine the antecedent and consequence
components of the ARH surrounding alcohol, cannabis, and use of other substances using
EMA methods. We hypothesize that SU will be predicted by within-person changes in
affect, relative to one’s average affect. Further, we hypothesize that SU will in turn predict
subsequent changes in affect from pre-SU and from one’s own affective baseline. Given
mixed findings in the extant literature related to general SU and the ARH, no a priori
hypotheses were made for specific directional change in affect or for affective changes as
related to individual substances.

Participants and Procedures

Participants (V= 95) were adults between the ages 18-67 (M= 35.47, SD = 12.38) admitted
to two general adult inpatient psychiatric units in the southwestern United States with
reported past-week suicidal thoughts or behaviors. Most participants were female (51.6%,
n=49), and non-Hispanic White (50.5%, n= 48); remaining participants were Hispanic/
Latinx (20.0%, n=19), biracial, multiracial, or another racial identity (18.9%, n= 18),
Black or African-American (8.4%, n = 8), and Asian or Asian-American (1.1%, n=1).
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This study used a subset of data from a preexisting data set collected to examine the
predictive utility of several proximal risk factors for STBs, including near-term affective
experiences and SU, as they related to suicide risk in daily life. Methods for the larger study
were pre-registered on OSF (https://osf.io/2hz48/). however, no hypotheses or data analytic
plan for the current study were pre-registered. The authors’ university Institutional Review
Board approved all study procedures, as did research review entities at both hospitals.
Based upon primary study aims, all adult inpatients with past week STBs were eligible for
inclusion, whether or not STBs were the reason for admission.

Enrollment Procedures. Potentially eligible patients were identified by members of

the hospitals’ treatment teams and were asked for verbal consent by unit staff for a

research team member to approach them. Following verbal consent, research staff then
approached identified patients to determine eligibility and obtain written informed consent
for study participation. Research team members did not directly approach participants based
on medical records or other data to ensure separation between clinical care and study
procedures. At the time of enrollment, participant eligibility criteria were assessed; in
addition to past week STBs as an inclusion criteria, participants were required to be at

least 18 years old (this was also the minimum age at both units for admission) and be able to
communicate effectively in English. Participants with cognitive or symptomatic impairment
that precluded completion of study procedures (e.g., acute mania, significant physiological
symptoms from substance detoxification) were excluded, but no exclusions were made on
the basis of diagnosis or other clinical indicators. Further details on eligibility screening and
enrollment have been published elsewhere (Victor et al., 2022).

Baseline. Enrolled participants then completed a baseline session (lasting approximately
3 hours) including semi-structured interview measures of lifetime and recent STBs and

SU, a variety of self-report measures, and a computer task assessing cognitive inhibitory
control. Following the completion of all baseline measures, participants were provided with
instructions for the EMA portion of the study, as well as a loaner phone, if needed, to
participate.

EMA. Following their baseline session, participants were contacted daily by the research
team to determine when participants could begin the EMA portion of the study. Participants
began the EMA portion of the study between 0 and 11 days post discharge (M= 2.26, SD
=1.78, median = 2 days; see Supplementary Table 1 for relationships between days since
discharge and study variables). Once they confirmed discharge from the hospital, a member
of the research team scheduled their EMA surveys over a 4-week EMA interval during
which they were sent 7 pseudo-random surveys per day. Surveys were scheduled to be

sent between participants’ identified waking and bedtimes and were not sent during known
“black out” periods, which included times in which participants were unable to complete
surveys (e.g., at appointments, working without access to their phone). Survey links (hosted
on Qualtrics) were sent to participants via SMS messaging that would remain open for 30
minutes following the initial notification. If the link was not opened within 10 minutes of
the message, a reminder SMS was sent. During EMA, participants were contacted once

per week via text from a member of the research team for an “EMA check-in.” These
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check-ins included notifying the participant of how many surveys that had completed to
date, how much they had earned in compensation to date for the completion of those
surveys, and information regarding how many days they had left in the EMA protocol.
Additional check-ins were conducted on an as-needed basis following reported suicidal
behavior, consistent with study approved risk assessment and management protocols (Victor
et al., 2022). Throughout the EMA period 29.47% (n = 28) of participants were contacted
for risk assessment; of these, 24 were contacted only once. Although there is not strong
evidence that real-time monitoring of STBs directly impacts participant’s survey responses
(Bentley et al., 2024), we confirmed risk check-in frequency did not relate to our study
variables (see Supplementary Table 2 for associations between study variables and number
of risk check-ins).

Baseline. Demographic information was collected via self-report.

EMA. EMA surveys included items from the Positive and Negative Affect Schedule
(PANAS; Watson et al., 1988) to assess current affective states as well as items about
behaviors and behavioral urges (e.g., SU) having occurred since the last completed survey.
The version of the PANAS that was utilized in the current study was comprised of two
items assessing current (state, momentary) PA (happy, cheerful) and seven items assessing
current (state, momentary) NA (irritable, sad, afraid, blue, angry, nervous, hopeless), each
rated on a 1-5 Likert rating scale (where 1 = “not at all” and 5 = “very much”), producing
a composite score (i.e., an average) for PA and NA, separately, at each survey. Iltems were
selected from the PANAS-X, given its strong psychometric data and common usage. The
PANAS-X vyields four basic negative emotion scales and three basic positive emotion scales.
Given the need for brevity in EMA measures, we selected two items per scale for four
scales: joviality (happy, cheerful), fear (afraid, nervous), hostility (angry, irritable), and
sadness (sad, blue). We did not include items from the guilt or self-assurance subscales, as
other items on the survey assessed self-criticism and (low) self-compassion, as relevant to
broader study aims. We also did not include items from the attentiveness subscale, as these
were not applicable to broader study aims. For each subscale included, we used two items
to improve psychometric coverage. Lastly, we added a single item for “hopeless” given the
clinical relevance of hopelessness to understanding SITBs, which correlated significantly
and positively with all other NA items (r5= .42 to .69).

Three SU indicators were also gathered at each EMA survey, capturing presence (1) or
absence (0) of alcohol use, cannabis use, and “other substance” use since the last survey the
participant completed; participants were instructed to consider the entire period since the last
survey for which they provided a response, rather than the last survey prompt. We then used
responses to individual SU items to compute an “Any substance” (0 = no, 1 = yes) variable
if at least one substance category of use was endorsed.

Data Analytic Strategy and Preparation

Statistical Analysis. Multilevel dynamic structural equation modeling (DSEM) was
conducted in MPlus version 8 (Muthén & Muthén, 2017). DSEM was chosen as it allows
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for the simultaneous examination of within- and between-person effects by disaggregating
variance across levels of analysis, facilitating examination of effects across researcher-
specified time lags, and is robust to high rates of missing data (Hamaker et al., 2018).

As DSEM uses Bayesian estimation, no exact p-values are available, but 95% credibility
intervals (Cls) which do not cross zero are indicative of statistically significant effects for p
<.05. To examine the ARH, we ran two, separate, two-level fixed effects models to examine
whether changes in affect (relative to one’s own mean) predicted SU, and if SU then
subsequentially predicted changes in affect. Each of the two models yielded data relevant to
two separate parts of the ARH (i.e., the antecedent and consequence components); therefore,
the two models produced four sets of findings for interpretation. Fixed effects models were
examined given the lack of specific hypotheses regarding between-person differences in
affective processes surrounding SU. These models differed only in whether SU was captured
by a single, binary, “any substance” indicator, or by three separate, binary indicators for
each SU type; in the latter model, these different SU indicators were allowed to covary at
the within- and between-person levels. In each model, for the antecedent hypothesis, we
regressed SU reported “since the last survey” at time fonto NA and PA lagged at time

t1, capturing NA and PA at the survey prior to the reported SU. For the consequence
hypothesis, NA and PA reported “at this moment” at time fwere regressed on SU reported
“since the last survey” at time #to estimate changes in affect, relative to one’s own mean,
following SU. NA and PA were regressed on themselves from time -1 to time ¢, to capture
the auto-regressive stability effects of affect over time, and were allowed to covary with
each other at the same assessment interval (see Figures 1 and 2). Lastly, DSEM requires

the specification of a time lag of interest, therefore, we tested models using a 30-, 60-90-,
and 120-minute time lag intervals (see outputs on OSF). Based upon model convergence
(Potential Scale Reduction [PSR] parameters < 1.05; Muthén & Muthén, 2017), spread of
observed data, and scheduling parameters (e.g., surveys were never distributed less than

30 minutes apart, since each survey window was open for 30 minutes), we determined

that a 30-minute lag was most appropriate, as larger time lags exhibited greater iterations

to converge and generated warnings regarding observed data falling too frequently within,
rather than across, time intervals.

Transparency and Openness

All data, analysis code, and research materials for the current study are available at: https://
osf.io/2hz48/. Data were analyzed using MPlus version 8.11 (Muthén & Muthén, 2017).
These analyses were not pre-registered.

Missing Data. Affect scores were calculated by taking an average of the answered PA and
NA items (two items for PA and seven items for NA) per EMA survey; therefore, missing
data were permitted for affect items within a survey by taking the average of all completed
items. Surveys with partially missing PA items were retained, and PA scores were calculated
using the completed items only. In 59 surveys (0.9%), one PA item was missing; in these
cases, the available PA item was used as the observed PA score. Missing data for EMA
reported SU behavior were handled through our data analytic approach, as DSEM is robust
to high rates of missing data and has several other advantages when analyzing EMA data
(Hamaker et al., 2018).
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Statistical Power. Sample size was determined based on an a priori power analysis for
the lager project (Victor et al., 2022). An a priori power analysis was conducted based on

N =100, which yields 80% power to detect moderate effects with as few as 50 repeated
measures per participant for chosen analyses (DSEM). However, an N =130 was the goal for
the larger study due to expected variability in EMA compliance. For the larger study, 130
participants were enrolled, however, 95 of those participants were eligible for and enrolled
in the EMA portion of the study. Thus, the sample size for the current study was N = 95.

Of note, power analyses for primary study aims involved more complex, random effects
models, such that we are likely to have more statistical power for these models than those
from the larger study; however, initial study power analyses did not include binary variables,
which may reduce statistical power. No EMA data were excluded for valid participants, and
no data were manipulated.

Considered Covariates. Prior to conducting our main analyses, we examined several
baseline characteristics as potentially relevant covariates, given their previously observed
relationships to SU and affective processes. Specifically, we examined biological sex (0 =
male, 1 = female), race (0 = non-Hispanic/White, 1 = other), and age as potential covariates.
After running preliminary analyses, none of our covariates of interest were associated with
any of our outcome variables (i.e., PA, NA, or SU), and therefore, were not included in our
final models.

Out of 196 possible surveys, participants completed a mean of 77.97 (SD = 63.33, range
=110 196, total = 7,407, see Supplementary Tables 3 and 4 for further descriptive data

on EMA completion and timing). 56.4% of participants completed at least 50 surveys. Any
SU was reported by 65.3% of participants (n7 = 65) on 826 surveys (11.2%); of those, most
reported use of a single rather than multiple substances (see Supplementary Tables 5 and 6).
Participants with no EMA-reported SU were retained in models to contribute to estimation
of NA and PA covariances and auto-regressive effects. Alcohol use was reported on 230
(3.1%) surveys, cannabis use was reported on 585 (7.9%) surveys, and “other substance”
use was reported on 133 (1.8%) surveys (see Supplementary Table 7 for write-in “other
substance” responses). SU data was missing on 473 (6.4%) surveys. Across EMA surveys,
average NA was 1.78 (SD = .91, missing = 428 surveys) and average PA was 2.53 (SD = 1.3,
missing = 445 surveys).

Modeling Any Substance Use

The two-level fixed-effects model of NA and PA in relation to the “any substance” variable
(see Table 1 and Figure 1) showed significant auto-regressive (stability) effects for both NA
and PA (8= .85; 95% CI =[.84, .87] and 5= .83; 95% CI = [.81, .84], respectively) which
were significantly inversely associated with each other at the same time point (8= -.28, 95%
Cl = [-.31, -.25]). Controlling for these effects, higher NA and PA relative to one’s own
mean both was positively associated with later SU over a 30 minute interval (8= .30, 95%
Cl =1[.23,.36] and £=.29; 95% CI = [.23, .35], respectively). SU itself predicted lower
levels of subsequent NA (8= -.1; 95% CI = [-.14, -.06]) and PA (8= -.12; 95% CI =
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[-.16, -.08]), relative to one’s own mean, providing partial support for the ARH when SU is
treated as a unitary construct. At the between-person level, aggregated (person-mean) levels
of EMA-rated NA and PA were negatively associated (8= -.43; 95% CI = [-.6, =.24]), but
overall rate of any SU was not associated with overall NA (8= .17; 95% CI = [-.1, .37]) or
PA (8=-.12; 95% CI = [-.34, .11]).

Modeling Use of Specific Substances

When examining alcohol, cannabis, and other SU as separate constructs (see Table 2 and
Figure 2), we continued to observe significant auto-regressive (stability) effects for both NA
(8=.9; 95% CI = [.85, .95]) and PA (5= .82; 95% CI = [.8, .85]), which were, again,
significantly inversely related at the same time point (8= -.28; 95% CI = [-.33, -.22]).
Further, use of all three substance types were significantly related to each other at the same
time point. Alcohol and cannabis use were the most strongly related (5= .64; 95% CI

=[.5, .8]) followed by significant, but weaker associations between alcohol and other SU
(8=.24; 95% CI =[.03, .43]) and between cannabis and other SU (8= .22; 95% CI =

[.05, .4]). Controlling for these effects, elevated NA predicted higher odds of subsequent
cannabis use (£ =".16; 95% CI =[.06, .27]) and other SU (£ =.23; 95% CI =[.08, .37]),
while fower NA predicted higher odds of alcohol use (8= -.14; 95% CI = [.06, .27]) over

a 30-minute interval. PA did not significantly predict increased or decreased odds of any
type of SU. Alcohol use since last survey predicted subsequent within-person increases in
momentary NA (8= .23; 95% CI = [.14, .35]), while cannabis use since last survey predicted
a subsequent decrease in momentary NA (8= -.18; 95% CI = [-.32, —.07]). Further, other
SU predicted a subsequent decrease in PA (8= -.04; 95% CI = [-.15, .08]).

At the between-person level, person-mean EMA NA and PA were inversely related (8=
-.42; 95% CI = [-.6, —.23]). NA was positively associated with alcohol use (8= .31; 95%
Cl =[.07, .51]), but not other SU; PA was not associated with SU. We observed positive
associations between use of cannabis and other substances (8= .64; 95% CI = [ .4, ,81]),
alcohol and cannabis (5= .33; 95% CI = [.04, .57]), and alcohol and other substances (5=
.37, 95% CI = [.04, .64]).

Robustness Checks in Exploratory Models

After consideration of reviewer feedback, we examined supplementary models that account
for relative stability (autoregression) of SU over time, as well as including time-relevant
covariates, as affective states and substance use patterns may vary by time of day or day of
week (Bu et al., 2025; Liang and Chikritzhs, 2015). To keep sample size and the number

of parameter estimates relatively stable across these exploratory models, we incorporated
these potentially relevant factors via manipulation of observed variables. Specifically, when
considering stability of SU over time, we considered an alternative model in which SU

was coded as “1” (present) only for a survey when SU was endorsed after SU was denied
at the prior survey; this effectively ensures that tests of the antecedent hypothesis involve
prediction of SU from NA and PA that were not, themselves, reported following SU at a
prior time interval. We also examined models in which all variables (NA, PA, SU) were
regressed on two binary time indicators, one for evening status (0 = before 5 PM, 1 =5 PM
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onward) and one for weekend status (0 = Monday to Friday, 1 = Saturday or Sunday) before
being entered into our models for hypothesis testing.

When the Any SU variable was coded for only new onset use, results did not change from
initial models (see Supplementary Table 8), whereas models with variables residualized to
account for timing of surveys either partially or fully rendered previously observed effects
non-significant and very close to zero (Supplementary Tables 9, 10). In models examining
specific SU types separately, coding these variables to reflect only new onset use yielded a
model which did not stably converge, likely due to reduced statistical power related to the
observed endorsement of each SU type (e.g., modeling 171 surveys as “yes” for alcohol
use versus 230 in initial models, 359 cannabis new use surveys versus 585 cannabis use
total, 91 other new use surveys versus 133 other use total). When model variables were
residualized to account for survey timing, but not for new versus all use, results for alcohol
and cannabis use were no longer significant, while other substance use affective patterns
remained significant (see Supplementary Table 11). A model capturing new SU only and
residualizing variables for timing did converge (likely because the residualization process
yields variables which are dimensional, not binary), and all results were non-significant and
close to zero (Supplementary Table 12).

Discussion

Results from the any substance model suggest that higher affective intensity for both NA
and PA is indicative of momentary risk for SU, but aggregated levels of NA and PA

did not indicate between-person risk for SU in general. Additionally, any SU predicted
subsequent lower NA and PA intensity. Results of the specific substance model somewhat
mirror those of the any substance model, where changes in NA (but not PA) intensity

also predicted alcohol, cannabis, and other SU. However, NA intensity preceeding and
following SU differed across substances. Specifically, elevated NA predicted cannabis use,
and cannabis use then predicted decreased NA, suggesting that cannabis use has affect
regulation properties, consistent with existing literature and the ARH (Buckner et al., 2012;
2013; Shrier et al., 2014). In regards to other SU, we saw partial support for the ARH where
elevated NA predicted other SU; however, other SU did not predict decreases in NA, but
rather decreases in PA. Of all three substance types examined, alcohol use yielded findings
most inconsistent with the ARH, where lower NA predicted alcohol use, and alcohol use
then predicted increases in NA.

Differences in results between models indicate that it is critical to examine specific SU
types and their affective correlates at the within-person level. On a between-person level,
one model would suggest that “typical” affect is not indicative of SU risk. However, at

the between-person level in our second model, elevated “typical” NA is associated with
increased alcohol use, but is not cannabis or other SU. The need to consider specific SU
processes is particularly evident when examining the differing within-person effects across
models. At face value, our any substance model mirrors previous meta-analytic findings on
the ARH in alcohol use (Tovmasyan et al., 2022), at least with respect to NA. The problem
with both this model and Tovmasyan and colleagues’ findings, however, are that findings
are collapsed, either by SU type or by capturing daily, rather than momentary, affect. As
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the ARH inherently involves potentially rapid shifts in affect, momentary-level approaches
are especially needed to provide time-accurate clarity as opposed to broad snapshots at the
daily or longer level, which may conflate affective triggers and responses to SU. Further, our
second model highlights the need for substance type specificity in testing the ARH, as we
observed support for this hypothesis only for cannabis use.

Other takeaways from our findings include 1) affect drives SU even outside of laboratory
settings, striking down potential previous hypotheses that this effect may not be
ecologically valid and could be attributable to the facilitated substance access and reduced
responsibilities characterized by a lab setting (Dora et al., 2023b); and 2) though previous
research has suggested that affective intensity predicts SU regardless of affective valence
(i.e., whether affect was positive or negative in content; Tovmaysan et al., 2022), we posit
that affective valence does appear to matter given the observed differential relationships
between affective valence and type of SU. Specifically, we found that an increase in NA
predicted cannabis and other SU, while a decrease in NA predicted alcohol use, while
changes in PA intensity did not significantly predict any type of SU. Thus, we disagree
with Tovmasyan and colleagues’ call for the ARH and other affect regulation models to
be subsumed under a single affective intensity regulation model that emphasizes regulation
of affective intensity with less focus on valence and instead encourage researchers to use
time-lagged models that attend to specific types of SU and affective valence.

When considering supplemental analyses testing the sensitivity of our findings, results were
mixed. Inclusion of timing variables generally led results to become non-significant, which
could be driven by a variety of factors. It is, of course, possible that previously observed
effects are driven by the timing of surveys (e.g., SU and NA may more often occur in

the evenings), but this hypothesis is rendered less plausible by the fact that antecedent and
consequence models yielded different results, when the timing of these surveys was often
the same before and after SU (e.g., weekend surveys would be weekend surveys both before
and after a SU event). Non-significant findings may also be explained by reduced variance in
variables of interest.

Considering SU only when SU was not reported at the prior survey allowed us to more
accurately test the antecedent aspect of the ARH, the results of which for the Any SU model
became somewhat more robust in these sensitivity analyses. Unfortunately, results for the
three SU models became non-significant, highlighting the limitations inherent in relatively
sparse data on each specific SU type in this sample. Further work is needed to more clearly
differentiate between affect experienced immediately prior to SU initiation, relative to affect
during the acute intoxication phase of SU, and affect after a SU episode is complete.

Findings from the current study should be interpreted in the context of multiple limitations.
First, the “other” substances category encompassed a wide range of substances including
stimulants, inhalants, hallucinogens, and opioids (see Supplementary Table 7). Each
substance may have distinct and unique effects on participants’ affective states. Second,
the current study did not analyze quantity of substances used. Based on prior findings
(Tovmasyan et al., 2022), quantity of SU may differentially impact affective experiences
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and vice versa. Future studies would benefit from capturing both instance and quantity of
SU to enhance sensitivity of substances used. Third, it is possible that lumping different
levels of arousal into measures potentially obscured the true effect of affective states (Dora
etal., 2023a). Fourth, in our study PA was made up of fewer items than NA, reducing
variability and potentially limiting observable effects for PA; this limitation may partially
explain the differential results seen for NA and PA predicting SU between both models.
Moreover, we tested models using 30-minute time lag as this most adequately captured our
data based on model convergence parameters and data collection procedures (i.e., surveys
stayed open for 30-minutes). However, results may differ with different time intervals (i.e.,
specifying different intervals of time may reveal varying degrees of association between
affective intensity and SU, particularly over shorter intervals, which could be captured in
the future using burst designs). Further, we assessed SU as occurring since the last survey
and affect at the current survey, thus we are unable to conclude that SU occurred as an
immediate antecedent (e.g., within the last 30-minutes) to affect in current study.

A number of methodological decisions also limit interpretations from the present study.
First, although EMA methods improve ecological validity through real-time responding,

we know that self-monitoring of behaviors can influence actual behavioral engagement
(Chen et al., 2017). Therefore, it is possible that participant’s reporting of SU may have
influenced SU itself during the study, limiting overall reported rates of SU, and thereby
reducing overall power. As noted above, statistical power was estimated for the larger, parent
study, but not these analyses, which may have yielded reduced observed power due to the
use of binary indicators for SU. We did not model overall time enrolled in EMA or EMA
compliance as between-person covariates, which have been associated with affective states
in prior research. As participants with sparser data would have larger time lags between
completed surveys, this may have implications for observed SU patterns, as SU was assessed
in relation to the last survey the participant completed, not the last survey prompt sent.
Relatedly, our compliance rate (i.e., 39.78% on average), rate falls below the recommended
compliance rate; however, this is in line with previous research (44% in Mackesy-Amiti

& Donenberg, 2020), especially considering that high-risk samples (including those with
high rates of substance use) have lower compliance rates (Jones et al., 2019). Further,
although DSEM methods are robust to missingness, it is possible that our missing data is
missing not at random (i.e., participants missed surveys due to ongoing SU or high-intensity
affective states), which introduces bias. We also used fixed (versus random) effects models,
due to a lack of a priori hypotheses about between-person moderators; however, random
effects models are more robust when within-person processes may differ by person, as is
the case for models testing ARH. Finally, due to our limitations with power we were unable
to include an auto-regressive parameter for SU itself in both models; however, sensitivity
analyses allowed us to examine how tests of the antecedent component of the ARH differ
when modeling “true” SU onset for a particular SU episode.

Although the current sample was ethnically diverse and consisted of a broad age range,
it consisted of a high-risk sample which in many ways increases the importance of our
findings but also limits their generalizability. Individuals who were recently receiving
inpatient services following self-reported suicide ideation may exhibit uniquely severe
patterns of affect and SU, as such findings may not generalize to lower-risk groups.
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Further, we were unable to report on the gender identity status of the current sample

due to an issue with our gender identity variable. Lastly, data for the current study were
collected prior to the passage of the state’s hemp bill, legalizing < 0.3% THC, which may
limit generalizability to the present legal landscape or other areas with varying cannabis
availability. Despite this study’s limitations, its findings highlight the role of SU as being
significantly related to affective intensity among individuals recently discharged from
inpatient psychiatric treatment.

Research and Clinical Implications

A variety of factors may contribute to disparate findings by SU type. Different substances
may have differential subjective physiological effects, and may be consumed in different
social contexts (Gunn et al., 2021), which may result in varying affective responses.

Future work should consider additional environmental and intrapersonal factors that may
contribute to, or follow from, specific SU, in association with affective changes. Additional
nuance is needed when capturing “other” SU types in research, as the affective context

of substances within this umbrella (e.g., stimulants, inhalants, hallucinogens, opioids) may
be quite different. Specificity is also needed within the umbrellas of NA and PA, as prior
research has suggested that, in driving SU, not all emotions are created equal, even when
they are of the same valence (e.g., though both of negative valence, sadness but not disgust is
linked to greater craving for cigarettes and cigarette-smoking; Dorison et al., 2020). Finally,
personality traits such as impulsivity are also implicated in the relationship between affect
and risky behaviors like SU (Dinc & Cooper, 2015) and considering potential moderators
such as these will likely also be helpful in extricating the effects of affect on SU across
diverse populations.

Further, the current findings indicate the need for research on affection regulation and

SU to continue among high-risk clinical samples using ecologically valid methodologies.
Currently, literature on the ARH is mixed, but would likely become more consistent

with greater incorporation of time-lagged models, as they are better purposed to

examine momentary affective states, which is necessary to properly evaluate the ARH as
recommended by previous research (Littlefield et al., 2012). Taking this aim even further,
using different lengths of time lags and burst sampling approaches to model affective
changes over shorter intervals will further elucidate the exact nature of the relationship
between affect and SU, as the affective consequences of some substances may change
based on dosage and amount of time since use (e.g., the biphasic effects of alcohol include
euphoria and stimulation at lower dosages but greater depressant effects as dosage increases;
Addicott et al., 2007).

With respect to clinical implications, affective severity and SU are particularly crucial
areas for consideration for recently discharged psychiatric inpatients given their propensity
for high-risk behavior (e.g., suicide attempt; Bickley et al., 2013). The current findings
underscore the need for ongoing monitoring of SU post-discharge for substances beyond
alcohol and cannabis. Individuals who have been recently discharged from inpatient
psychiatric care may benefit from targeted intervention which addresses both affective
antecedents and consequences to SU, which could include real-time monitoring. For
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example, self-monitoring of affective intensity, otherwise known as affective labeling, may
be a useful strategy, as affective labeling has been shown to function as a form of emotion
regulation (Kashdan et al., 2010). Interventions designed to facilitate coping with distress
may also be helpful; among those with alcohol use disorder, low distress tolerance is
associated with high levels of emotion dysregulation, often contributing to motivations for
alcohol use (Zaorska et al., 2023). For example, distress tolerance strategies from dialectical
behavior therapy (Linehan, 1993), which are meant to help individuals manage and survive
highly intense or crisis situations without worsening the situation via impulsive behavior,
may be worth exploring in high-risk clinical populations. Though our findings for the
consequence hypothesis are mixed and varied by substance type, our results broadly indicate
that SU is not a reliable affect regulation strategy. Thus, the aforementioned strategies may
be particularly valuable in providing more adaptive ways to manage intense affective states
among those at higher risk for SU, such as individuals recently released from psychiatric
inpatient units. Lastly, psychiatric inpatients may benefit from psychoeducation prior to
discharge that meaningfully conveys the present findings. Specifically, patients may benefit
from pre-discharge psychoeducation that highlights the tendency to overestimate the affect-
regulatory benefits of SU as well as the likely outcomes related to substance-specific use and
subsequent affective experiences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public Health Significance Statement:

This study indicates that changes in affective intensity significantly predict all types
of SU, however, the affective consequences of SU vary largely by type of substance.
Therefore, future research should seek to examine the affect regulation properties of
specific types of SU, as distinct substances may yield different clinical implications.
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Figure 1. Any substance

Note. Standardized betas, all paths significant p < .05. Curved arrows = covariances, single
straight arrows = beta paths. Substance use assessed “since last survey” at time t, affect

assessed “at this moment” at time t and t-1
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Figure 2. Specific substances
Note. Standardized betas, significant paths marked by an asterisk, see notes above,

covariances between substances were all significant and positive but not shown here for
ease of visualization (see Table 3 for parameter estimates)
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Table 1

Any Substance Results (N = 95)

Antecedent Hypothesis

Consequence Hypothesis

Within-Person Level

t-1 t
B [95% CI
Affective Intensity Substance Use
NA intensity .30 [.23, .36]
PA intensity .29 [.23, .35]
t t
B [95% ClI
Substance Use Affective Intensity
Any substance NA intensity  -.10 [-.14, -.06]
Any substance PAintensity  -.12 [-.16, -.1]

Between-Person Level

B [95% CI
Affective Intensity  Overall Substance Use
NA intensity 17 [-.1,.37]
PA intensity -.12[-.34, .11]

Page 23

Note. NA = negative affect, PA = positive affect; 95% Cl = 95% credibility interval; Bolded parameters are statistically significant at p < .05
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