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Abstract

Although stress is often related to substance use, it remains unclear whether sub-

stance use is related to individual differences in how adolescents respond to stress.

Therefore the present study examined associations between substance use and

daily emotional reactivity to stress within a year across adolescence. Adolescents

(N = 330; Mage = 16.40, SD = 0.74 at study entry; n = 186 female; n = 138 Latine;

n = 101 European American; n = 72 Asian American; n = 19 identifying as another

ethnicity including African American and Middle Eastern) completed a longitudinal

study, including three assessments between the 10th grade and 3‐years post‐high

school. At each assessment, participants reported frequency of alcohol and

cannabis use and the number of substances they had ever used. They also

completed 15 daily checklists, in which they reported the number of daily argu-

ments and their daily emotion. Multilevel models suggested that more frequent

alcohol and cannabis use were related to attenuated positive emotional reactivity to

daily stress (i.e., smaller declines in positive emotion on days when they experienced

more arguments) for both male and female adolescents. Associations for negative

emotional reactivity to stress varied by sex; more frequent alcohol use and use of

more substances in one's lifetime were related to greater anxious emotional reac-

tivity to stress among female adolescents, whereas more frequent alcohol and

cannabis use and higher lifetime substance use were related to attenuated

depressive emotional reactivity to stress among male adolescents. Taken together,

substance use was related to emotional reactivity to daily stress within the same

year during adolescence, although associations differed by valence and adoles-

cent sex.
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1 | INTRODUCTION

Substance use tends to increase during middle to late adolescence, or

the period spanning from puberty onset to age 24 (Sawyer

et al., 2018), potentially due to heightened exposure and social

pressure to use (Gallegos et al., 2021; Miech et al., 2020). Late

adolescence includes the transition from high school, during which

youth continue to show heightened substance use that is related to

stress and emotional distress (Danzo et al., 2021; Hoffmann, 2016;

Neppl et al., 2023; Stone et al., 2012). Frequent substance use during

adolescence is related to greater risk for problematic substance use

and poorer mental health later in adulthood (e.g., Magee & Con-

nell, 2021; McCambridge et al., 2011; Merrin & Leadbeater, 2018;

Miettunen et al., 2014).

The developmental psychopathology framework highlights

characterizing multiple levels of analysis, including individuals' daily

experiences, and to address the pathways by which certain youth are

positioned for heightened psychopathology risk (Cicchetti &

Cohen, 1995; Cichetti & Rogosch, 2002). Youth are often motivated

to use due to social stress and beliefs that substances can improve

emotion (Kuntsche et al., 2015), and polysubstance use is related to

greater distress concurrently across adolescence (Felton et al., 2015).

In line with experimental evidence relating substance use to stress

and biological responses to stress (Chaplin et al., 2018; Rahal

et al., 2023), frequent use may confer risk for later use by impacting

how youth respond to stress in daily life, termed their emotional

reactivity to stress. Greater reactivity to stress has been related to

psychopathology including depressive symptoms (Bai et al., 2020),

with emerging evidence that associations may differ by sex (Chaplin

et al., 2019). However, few studies have assessed whether substance

use can modulate how youth respond to subsequent day‐to‐day

stressors. Therefore the present study examined how use of sub-

stances is related to differences in daily emotional responses to

interpersonal stress, as both exaggerated and attenuated emotional

responses to stress are related to psychopathology including

depressive symptoms, and whether associations differed by sex.

1.1 | Emotional reactivity in adolescence

Adolescents show heightened emotional intensity and fluctuations in

emotion compared to adults (Larson et al., 2002; Maciejewski

et al., 2015). Neurobiological development following puberty onset

can promote sensitivity to both rewarding and threatening stimuli,

and adolescents' emotional well‐being tends to improve after posi-

tive peer and family interactions and worsen following negative in-

teractions (Steinberg et al., 2018). Adolescents develop strategies for

regulating emotion following stress and consequently show attenu-

ated fluctuations in emotion as they age (Maciejewski et al., 2015;

Steinberg et al., 2018). Youth can show heightened emotional fluc-

tuations due to heightened reactivity or difficulties regulating a

response (Bradley, 2003). Emotional reactivity refers to an in-

dividual's predisposition for mounting an emotional response to a

stimulus and is fundamentally distinct from emotion regulation,

which refers to the process by which individuals attempt to alter the

intensity and duration of their emotion (Gross, 1998; Reeck

et al., 2016), although individuals might be able to adjust their re-

sponses to a stimulus when using regulatory strategies and therefore

might show lower emotional reactivity.

An individuals' capacity for responding to stressors (i.e.,

emotional reactivity to stress) may be related to health in ways that

are distinct from their responses to other social or rewarding daily

experiences. Stressors such as conflict tend to elicit intense increases

in negative emotion and decreases in positive emotion, such that

larger responses to daily stressors can gradually degrade health

(Almeida, 2005). Emerging evidence suggests that greater emotional

reactivity to negative stimuli is associated with greater depressive

symptoms in children and adults (e.g., Bai et al., 2020; Herres

et al., 2016), suggesting that fluctuations in emotion following daily

stressful experiences may be pivotal for health. Therefore, emotional

reactivity to stress may be an important but understudied aspect of

daily emotion processes that is related to substance use.

1.2 | Substance use and emotional reactivity to
stress

Substance use and emotional reactivity to stress could be related

across adolescence due to bidirectional associations (Weiss

et al., 2017). Both acute and regular, intense use of substances can

alter psychobiological stress responses (Wemm & Sinha, 2019). Acute

use of substances, most notably alcohol, in social situations can

promote positive emotion and emotional stability on a given day for

young adults (De Leon et al., 2020; Sayette et al., 2012), as well as

dampen stress responses by disrupting negative cognitive appraisals

(Levenson et al., 1980; Sayette, 1993). However, frequent use can

also contribute to less stable emotions and more stressful interper-

sonal and physical consequences that elicit negative emotion (e.g., De

Leon et al., 2020; Jones et al., 2020). For instance, disagreements

regarding substance use elicit distress in adult couples (Rodriguez

et al., 2014), and disagreements related to discordant use and

repeated consequences of substance use may similarly elicit daily

stressors by straining adolescents' relationships with friends and

family (Boman et al., 2013; Jones et al., 2020). Frequent substance

use and experimentation in adolescence may carry over to alter how

youth emotionally react to daily stressors, irrespective of their use on

a given day, although research has not empirically tested this.

Given sex differences in substance use aetiology and motives

(Danzo et al., 2021; Kuntsche et al., 2015), as well as socialization of

responses to stress, it has been posited that pathways relating

emotional reactivity to stress and substance use differ by sex

(Chaplin et al., 2018). Male youth with attenuated emotional re-

sponses to stress may not be stimulated by daily experiences and

therefore pursue risky behaviours including substance use, in line

with reinforcement sensitivity theory and sensation seeking models

of substance use (Zuckerman, 2007). In turn, exaggerated responses
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to stress may suggest difficulties coping with stress for female youth,

which could thereby relate to one's propensity for psychopathology

and substance use. It is possible that substance use may similarly

contribute to difficulties with stress sensitivity, which may manifest

as attenuated emotional responses to stress in male adolescents and

exaggerated responses to stress in female adolescents.

Although few studies have tested associations with emotional

reactivity to stress, studies have related substance use to other as-

pects of the stress response. Both exaggerated and attenuated psy-

chobiological responses (i.e., cortisol, autonomic nervous system

responses) to laboratory‐based social stress are associated with more

frequent and polysubstance use later in adolescence (e.g., Evans

et al., 2016; Rahal et al., 2023). One study found that harsher

parenting was related to greater neural responses to negative stimuli

in female adolescents, which were related to substance use, versus

blunted neural responses in male adolescents (Chaplin et al., 2019).

These studies have been limited to laboratory‐based stressors, and

similar associations may emerge between substance use and

emotional reactivity to stress in daily life, which may be easier for

clinicians to evaluate than biological or neural responses and deepen

our understanding of how these processes carryout in daily life in line

with a developmental psychopathology perspective. One survey‐
based study found that college students who reported generally

experiencing greater immediate and sustained emotional reactivity

to stress also reported greater tobacco use (Dvorak & Simons, 2008).

Use of daily experience sampling, which is less susceptible to self‐
report bias than surveys, is needed to clarify associations between

substance use and emotional reactivity to daily stress.

1.3 | Present study

Motivated by a developmental psychopathology framework (Cic-

chetti & Cohen, 1995; Cichetti & Rogosch, 2002), the present study

investigated whether substance use was related to emotional reac-

tivity to daily stress among male and female adolescents. We spe-

cifically assessed whether individuals who use more frequently over

the past year or use more substances show differences in their daily

emotional reactivity to stress, as opposed to testing daily associations

between emotional processes and substance use, due to aspects of

the study design. Adolescents from the greater Los Angeles area

completed up to three assessments over 6 years, for which they re-

ported whether they had ever used varied substances and how

frequently they had used alcohol and cannabis, licit substances in

California at the time of study that are also the most commonly used

substances nationally and in California during adolescence (Austin

et al., 2016; Miech et al., 2020), over the past year. Participants also

reported daily arguments as one common interpersonal stressor and

their positive, anxious, and depressive emotion each night for

15 days. Whereas prior studies have examined self‐reported stress

responses and psychobiological reactivity to acute stress (Dvorak &

Simons, 2008; Rahal et al., 2023), we examined emotional responses

to daily stressors as an ecologically valid indicator of daily stress

processes that is less prone to self‐report bias than metacognitive

surveys regarding one's general predisposition for emotional reac-

tivity. Emotional reactivity to stress in daily approaches refers to the

daily linkage between experiencing a daily stressor such as an

argument and daily emotion (Bolger & Zuckerman, 1995; Cohen

et al., 2005). Analytically, this approach contextualizes whether daily

emotion differs between stressful days (i.e., days with more stressors)

versus stress‐free days (days with fewer or no stressors). Associa-

tions were tested within a year because research has not charac-

terized associations between substance use daily emotional

reactivity to arguments. Evidence for within‐year associations across

adolescence can inform the development of prospective studies

testing mechanisms over time.

To provide a robust test of how substance use relates to

emotional reactivity to daily stress, we examined different aspects of

daily emotion and substance use. We examined positive emotion

because it is fundamentally distinct from negative emotion and

independently related to health behaviours including substance use

(Dora et al., 2023; Kuntsche et al., 2015; Pressman et al., 2019;

Russell, 1980) and examined anxiety and depressive emotion as

distinct aspects of developmental psychopathology. We hypothesized

that adolescents would report lower positive emotion and higher

anxious and depressive emotion on days when they have more ar-

guments, in line with the extant literature (Almeida, 2005), and that

these daily associations would differ by substance use.

We also applied a developmental lens to examine risky substance

use in adolescence. Frequency of alcohol use was the primary

outcome because alcohol use is common and related to differences in

stress responses (De Leon et al., 2020; Kuntsche et al., 2015; Say-

ette, 1993; Sayette et al., 2012). Use was also operationalized with

respect to frequency of cannabis use as well as lifetime number of

substances used, a common metric for accounting for illicit substance

use. Greater experimentation with substances suggests that youth

are exposed to various substances in potentially risky environments,

in addition to alcohol in the home (e.g., Goldenson et al., 2017;

Gustavson et al., 2017; McLarnon et al., 2014), and is a risk factor for

greater use in adulthood (e.g., Merrin et al., 2018; Merrin & Lead-

beater, 2018). Just as youth can discontinue alcohol use from

adolescence to adulthood, use of multiple substances is not deter-

ministic but is consistently related to poorer outcomes on average

including lower rates of high school completion and more frequent

substance use in adulthood (Kelly et al., 2015; Merrin & Lead-

beater, 2018). Taken together, these models provide a nuanced test

of how aspects of substance use relate to emotional reactivity to

daily stress.

Greater substance use (i.e., more frequent use of alcohol and

cannabis over the past year, use of more substances in one's lifetime)

was hypothesized to be associated with attenuated emotional reac-

tivity to stress with respect to positive, anxious, and depressive

emotion in male adolescents, and greater emotional reactivity to

stress among female adolescents in line with posited mechanisms

(Chaplin et al., 2018). We assessed associations at each year of

assessment, with participant's reports of substance use for that year

RAHAL ET AL. - 3 of 17

 15322998, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

i.3420 by U
niversity O

f C
alifornia, L

os, W
iley O

nline L
ibrary on [20/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



statistically modelled as modulating the daily association between

arguments and emotion (see Figures S1‐S2 for a visual depiction of

the study design and analytic modelling).

2 | METHOD

2.1 | Participants

The larger study included 350 total participants from the greater Los

Angeles area (55.8% female; n = 147 Latine, 42.0%; n = 106 Euro-

pean American, 30.3%; n = 75 Asian American, 21.4%; n = 22 iden-

tifying as another ethnicity including African American and Middle

Eastern, 6.3%; median annual income of $65,000). Primary caregivers

reported the highest level of education achieved by each parent

(1 = some elementary school; 2 = completed elementary school; 3 = some

junior high school; 4 = completed junior high school; 5 = some high school;

6 = graduated from high school; 7 = trade or vocational school; 8 = some

college; 9 = graduated from college; 10 = some medical, law, or graduate

school; 11 = graduated from medical, law, or graduate school). For youth

in two‐parent households, parental education was averaged across

both parents. Across the sample, 18.5% of participants had parents

who did not graduate from high school, 16.4% had parents who

graduated high school, 23.8% had parents who graduated from a

trade or vocational school, 20.5% had parents who completed some

other form of college, and 20.8% had parents who graduated from

college or higher education as their highest form of education.

This study used an accelerated longitudinal design, including two

cohorts staggered 1 year apart and followed across three waves,

each 2 years apart (Figure S1). During the first wave of the study, 316

participants were recruited from 10th and 11th grade classrooms at

four public high schools in the greater Los Angeles area through in‐
class presentations, mailings, and flyers from October 2011 to June

2012. Participants then had the option to complete additional waves

of data collection two (73.1%) and four years later (64.3%). Because

of attrition between the first and second waves, an additional 34

participants (26 12th graders and eight students who were 1‐year

post‐high school) were recruited at the second wave. These partici-

pants did not differ from adolescents recruited at the first wave with

respect to ethnicity, college attendance, or income, all ps > 0.20. By

incorporating two cohorts 1 year apart, with waves staggered 2 years

apart, the study included data from all years from 10th grade to

3 years post‐high school. This study design enabled us to examine

associations between substance use and emotional reactivity to

stress in a given year throughout adolescence.

To be included in the present study, participants needed to

complete reports of substance use in the survey and to complete the

daily checklist protocol in at least one wave. They also needed to

have provided data regarding their age, sex, and parents' education.

This resulted in 330 of the 350 participants being retained in ana-

lyses (56.4% female; n = 138 Latine, 41.8%; n = 101 European

American, 30.6%; n = 72 Asian American, 21.8%; n = 19 identifying as

another ethnicity including African American and Middle Eastern,

5.8%; median annual income of $65,000). These participants did not

differ from the full sample with respect to sex, ethnicity, parents'

education, daily emotion, daily stress, or substance use, all ps > 0.30.

2.1.1 | Missing data analyses

Participants completed 658 total waves (M = 1.99, SD = 0.85) and

8773 daily observations (M = 14.33, SD = 4.71 out of 15 possible per

wave; M = 29.58, SD = 11.85 per participant). For each participant,

we calculated the percentage of waves completed out of three

possible waves if they initially entered in the first wave of the study

or out of two possible waves if they initially entered in the second

wave of the study. We tested whether participation in the study

differed by sex using a t‐test; ethnicity using ANOVA; parents' edu-

cation using correlation; substance use measures, daily emotion, and

daily stressors using multilevel models with percentage of possible

waves as the predictor, controlling for age. Participation did not

differ by sex, substance use, daily emotion, or daily stressors, all

ps > 0.05. ANOVA indicated ethnic differences in participation, F

(326,3) = 4.17, p = 0.0064, and Tukey's post‐hoc tests indicated that

Asian Americans participated in a lower percentage of possible waves

than all other ethnic groups; M = 0.58, SD = 0.28 for Asian Ameri-

cans; Ms = 0.71–0.73, SDs = 0.27–0.28 for other ethnic groups.

Lastly, higher parental education was weakly correlated with higher

participation, r(328) = 0.12, p = 0.03.

2.1.2 | Cohort differences

We tested for differences in participation and demographic informa-

tion by cohort (10th vs. 11th grade at study entry). There were no

differences in participation, ethnicity, sex, family income, parents' ed-

ucation, by whether their mother versus another family member was

the caregiver, the schools that students attended, family size, fre-

quency of alcohol or cannabis use, lifetime use, or average levels of

emotion at study entry by cohort, all ps > 0.05. The only tested variable

that significantly differed by cohort was age, as expected, p < 0.001.

2.2 | Procedures

At each assessment, research staff visited participants' homes. Both

adolescents and a primary caregiver completed online psychosocial

questionnaires using an iPad or laptop, and each earned $50, $75,

and $120 at each of the three assessments. Participants reported

their sex and ethnicity at study entry, and all participants identified

as either male or female. Caregivers also reported family income and

parents' education as part of this survey. All procedures were

approved by the University of California, Los Angeles Institutional

Review Board. Participants had the option to complete a 2‐week

daily protocol in which they reported whether they experienced

various daily events and the extent to which they had felt positive
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and negative emotion at bedtime each night for 15 nights. They

received an electronic stamper to mark the time at which they

completed each checklist. The vast majority of checklists were

completed in a timely manner (98%). Participants were given paper

checklists during the in‐person visit and instructed to begin the daily

protocol the following day in order to minimize time between the

survey and checklists. Despite the slight lag, daily checklists are

ecologically valid and intended to capture experiences that are

representative of that individual's daily life beyond the designated

period (Shiffman, 2009).

2.3 | Substance use measures

2.3.1 | Frequency of alcohol and cannabis use

As part of the psychosocial survey, participants reported whether

they had ever used any of the following seven substances: cigarettes,

alcohol, cannabis, cocaine, crystal meth, illegal drugs, or any pre-

scription drugs without a valid prescription. If participants had ever

drunk alcohol, they reported how often they had at least one drink of

alcohol over the past year using a 10‐point scale (1 = Never in the past

year, 2 = 1 or 2 days in the past year, 3 = 3 to 11 days in the past year,

4 = 1 day amonth, 5 = 2 to 3 days a month, 6 = 1 day a week, 7 = 2 days a

week, 8 = 3 to 4 days a week, 9 = 5 to 6 days a week, 10 = Every day).

Participants who had never drank alcohol were coded as never using it

in the past year (54.7% at first wave, 38.4% at second wave, 21.5% at

third wave). If participants ever had used cannabis, they reported how

many days they used cannabis over the past year on the same scale.

Participants who had never used were coded as never using in the past

year (75.6% at first wave, 59.8% at second wave, 46.8% at third wave).

Both items were taken from the Youth Risk Behaviour Surveillance

System, a large‐scale national dataset. Substance use rates are com-

parable to prior studies of youth (e.g., Miech et al., 2020).

2.3.2 | Lifetime substance use

Because rates of illicit substances were low within the sample, pre-

cluding assessment of frequency of illicit use, we calculated lifetime

use as the number of substances a participant had ever used

(0 = never used any substances, 7 = used all seven substances in their

lifetime). Studies with similar measures have found that higher life-

time substance use in adolescence predicts more frequent use in

adulthood (Merrin et al., 2018; Merrin & Leadbeater, 2018).

2.4 | Daily checklist measures

2.4.1 | Daily stress

Each day, adolescents reported whether they: argued with their

mother or father about something, argued with another family

member about something, had an argument with a close friend or

partner, or had an argument or were punished by an adult at school

(0 = no, 1 = yes). Drawing from the daily stress process model

(Almeida, 2005), we selected these items because interpersonal ar-

guments and tensions constitute the domain of stressors in the Daily

Inventory of Stressful Experiences that people experience most

frequently in daily life (Almeida et al., 2002). Prior studies of adults

have used similar items to index emotional reactivity to interpersonal

arguments (e.g., Birditt et al., 2011). A sum was calculated for each

day for each participant (0 = no stressors, 4 = all four stressors), with

higher values indicating more daily stressors. We assessed arguments

as a common, intense daily stressor using checklists, in line with daily

approaches to measuring emotional reactivity to stress (e.g.,

Almeida, 2005; Bai et al., 2020; Bolger & Zuckerman, 1995). Greater

emotional reactivity to arguments is thought to indicate an in-

dividual's predisposition for emotionally responding to common

stressors throughout the day.

2.4.2 | Daily emotion

Participants reported their daily emotion using items from the Profile

of Mood States (POMS; McNair et al., 1989) and Positive and

Negative Affect Schedule (PANAS; Watson et al., 1988). Using a scale

from 1 (not at all) to 5 (extremely), adolescents reported how much

they experienced positive emotion (interested, excited, cheerful,

enthusiastic, attentive), anxious emotion (worried, on edge, uneasy,

nervous), and depressive emotion (discouraged, hopeless, sad)

throughout the day. These scales have been used in previous studies

of adolescents (e.g., Yip & Fuligni, 2002). Subscales showed moderate

reliability across items each day (αs = 0.65–0.81, Table S1). Partici-

pants reported moderate positive emotion and low negative emotion

in line with prior samples of adolescents (Allan et al., 2015).

2.5 | Analytic plan

All models were tested in Stata 16.1 in a multilevel framework.

See Figure S2 for a visual depiction of analytic models. We used

multilevel models to examine demographic differences in primary

study variables: positive emotion, anxious emotion, depressive

emotion, daily stress, frequency of alcohol use, frequency of

cannabis use, and lifetime substance use. Multilevel models assume

normality of residuals at each level of analysis, do not impose

distributional assumptions on predictors, and are generally robust

to slight deviations from assumptions (Schielzeth et al., 2020).

Models used maximum likelihood to account for missing data and

allowed for all participants who completed at least one wave of

data to be incorporated in the analysis. Re‐testing models with

restricted maximum likelihood and Bayesian estimates did not

change the pattern of results. Three‐level models with days (Level

1) within waves (Level 2) within adolescents (Level 3) were used

for daily emotion, and two‐level models with waves (Level 1)

RAHAL ET AL. - 5 of 17

 15322998, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

i.3420 by U
niversity O

f C
alifornia, L

os, W
iley O

nline L
ibrary on [20/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



nested within adolescents (Level 2) were used for substance use

measures.

Next, we tested whether individuals who used more frequently

and used more substances showed differences in their emotional

reactivity to stress across days. We could not assess how substance

use related to emotional reactivity on a given day because we

measured substance use each wave rather than each day, but we

leveraged estimates of emotional reactivity across days to test as-

sociations between substance use and emotional reactivity to stress

within a given year. Three‐level models with days (Level 1) nested

within years (Level 2) within adolescents (Level 3) were used to

model emotional reactivity, with separate models for positive,

anxious, and depressive emotion. Number of stressors was reported

daily (Level 1) and centered at the participant's mean at that age, and

this coefficient represented the predicted difference in adolescents'

emotion on days when they experienced more stressors relative to

their mean level at that age. Daily stressors were included as a

random slope in all models, and the random slope of the association

between daily arguments and end‐of‐day emotion measures indi-

vidual differences in emotional reactivity. This technique for model-

ling individual differences in emotional reactivity, with respect to

daily linkages between daily stressors and emotion reported at the

end of the day, has been extensively used (e.g., Almeida, 2005; Herres

et al., 2016). Although stressors could theoretically occur at any point

in the day and the end‐of‐day emotion is likely affected by varied

daily experiences, this technique leverages the multiple daily reports

to reliably measure individual differences in the magnitude of this

linkage.

To determine whether substance use was related to emotional

reactivity to stress, models tested the cross‐level two‐way Substance

Use (Level 2) � Daily Stress (Level 1) interaction as a predictor of

emotion (Equation 1). Substance use measures were reported at each

study assessment, and values were grand mean‐centered. Separate

models were tested for frequency of alcohol use over the past year,

frequency of cannabis use over the past year, and lifetime substance

use. Significant interactions would indicate that the degree to which

daily stress related to emotion (i.e., the magnitude of the association

between daily stress and emotion) varied by substance use. In-

teractions were probed at levels of substance use (never used, used

3–11 days, used 2–3 days/month in the past year for frequency

measures; 0, 2, and 4 substances for lifetime substance use). The

potentially arbitrary values of the mean and the mean � one stan-

dard deviation were rounded to concrete scale values to facilitate

interpretation, clinical relevance, and replicability of findings (Fin-

saas & Goldstein, 2021), and result in a nearly identical pattern of

associations. Regions of significance were also identified using the

Johnson–Neyman technique (Johnson & Fay, 1950). Models were

repeated including the Age � Daily Stress interaction to avoid biasing

the Substance Use � Daily Stress interaction, which resulted in a

nearly identical pattern of results. The Age � Daily Stress interaction

was consistently nonsignificant, suggesting that daily emotional

reactivity to stress did not differ by participants' age, and therefore

omitted from presented results.

Because this is among the first studies of emotional reactivity to

stress and substance use, we were primarily interested in how these

variables relate to each other at a given year. Models tested asso-

ciations at a given time point and utilized the multiple assessments to

test associations within the same year across adolescence. Although

associations may be bidirectional, substance use was the statistical

predictor in models because there were several observations of

emotion across days per wave. We therefore statistically modelled

substance use (Level 2) as the predictor and emotion (Level 1) as the

outcome, in line with past studies (e.g., Bai et al., 2020; Rahal

et al., 2022, 2023; Shirtcliff & Essex, 2008). This approach includes all

observations within the analysis by testing daily emotion as the

outcome, accurately estimates residuals, and does not assume

normality of predictor variables (i.e., substance use).

Equation 1 (i = a given day, j = a given wave, k = a given indi-

vidual, u = differences by a given wave for a given individual,

r = differences for a given individual):

L1 : dEmotionijk ¼ β0jk þ β1jk
�
Argumentijk

�

þ β2jk
�
Previous Day0s Emotionijk

�

L2 : β0jk ¼ γ00k þ γ01k
�
Substance Usejk

�
þ γ02k

�
Agejk

�
þ u0jk

β1jk ¼ γ10k þ γ11k
�
Substance Usejk

�
þ u1jk

β2jk ¼ γ20k þ u2jk

L3 : γ00k ¼ π000 þ π001ðSubstance Usek Þ þ π002ðAgekÞ

þ π003ðFemaleÞ þ π004ðAsian AmericanÞ

þ π005ðEuropean AmericanÞ

þ π006ðDifferent Ethnic BackgroundsÞ

þ π007ðParental EducationÞ þ r00k

γ01k ¼ π010 þ r01k

γ10k ¼ π100 þ π101ðSubstance UsekÞ þ r10k

γ11k ¼ π110 þ r11k

Models then tested whether associations between emotional

reactivity to stress and substance use differed by sex. Models were

repeated including a three‐way Sex (Level 3) � Substance Use (Level

2) � Daily Stress interaction (Level 1; Equation 2). Significant three‐
way interactions would suggest that the Substance Use � Daily

Stress interaction (i.e., the index of the association between

emotional reactivity to stress and substance use) differed between

male and female adolescents. In line with existing guidelines (Curran

et al., 2004), we decomposed a three‐way interaction by estimating

the two‐way interaction at each level of the third variable (sex;

dummy‐coded 0 = male, 1 = female). This approach is needed

because a significant three‐way interaction could emerge despite

neither two‐way interaction being significant. This approach revealed

whether the two‐way interaction was significant for each sex (i.e.,

whether substance use was significantly related to emotional reac-

tivity to arguments). Significant two‐way interactions for either male

or female adolescents were then further probed as well.
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Equation 2:

L1 : dEmotionijk ¼ β0jk þ β1jk
�
Argumentijk

�

þ β2jk
�
Previous Day0s Emotionijk

�

L2 : β0jk ¼ γ00k þ γ01k
�
Substance Usejk

�
þ γ02k

�
Agejk

�
þ u0jk

β1jk ¼ γ10k þ γ11k
�
Substance Usejk

�
þ u1jk

β2jk ¼ γ20k þ u2jk

L3 : γ00k ¼ π000 þ π001ðSubstance Usek Þ þ π002ðAgekÞ

þ π003ðFemaleÞ þ π004ðAsian AmericanÞ

þ π005ðEuropean AmericanÞ

þ π006ðDifferent Ethnic BackgroundsÞ

þ π007ðParental EducationÞ þ r00k

γ01k ¼ π010 þ π011ðFemaleÞ þ r01k

γ10k ¼ π100 þ π101ðSubstance UsekÞ þ π102ðFemaleÞ þ r10k

γ11k ¼ π110 þ π111ðFemaleÞ þ r11k

Analyses in the present study assessed individual differences in

emotional reactivity by testing moderation of daily associations, in

line with current practices (e.g., Bai et al., 2020; Rahal et al., 2022,

2023; Shirtcliff & Essex, 2008). When considering interaction terms,

it is important to recognize that moderated associations tend to be

much smaller in magnitude than main effects (e.g., Aguinis

et al., 2005; Chaplin, 1991). In a cross‐level interaction, the level‐2
moderator (substance use) is predicting how the level‐1 predictor

(arguments) randomly differs across individuals, which can contribute

to the small magnitude of the coefficient. Standardized coefficients

for cross‐level interactions must be contextualized with proportions

of variance accounted for by the interaction (e.g., Aguinis

et al., 2013). We therefore provide standardized coefficients (0.10

represents a small effect, 0.30 represents a medium effect), as well as

two indications of the variance accounted for by a significant cross‐
level interaction (i.e., the predictor of interest): the f2 statistic as an

indicator of the degree of variability in the outcome that is accounted

for by the interaction term, which is similar to an adjusted R2 value in

a regression model (0.02 represents a small effect, 0.15 represents a

medium effect), and the proportion of variance in the random slope

of arguments that is accounted for by substance use in two‐way in-

teractions, as well as sex in three‐way interactions.

Because we leveraged data from an existing longitudinal dataset,

we used sensitivity power analysis to identify the magnitude of two‐
way interactions that could be detected in the sample and separately

in male and female adolescents (Enders et al., 2023). Monte Carlo

simulations with 2000 replications and accounting for nesting within

waves and participants indicated that models were fully powered

(100%) to detect associations with an f2 above 0.0075 (Table S2).

Substance use (grand mean‐centered), daily stress (wave mean‐
centered), age (grand mean‐centered), sex (dummy‐coded, male as

reference group), ethnicity (dummy‐coded, Latine as reference

group [largest ethnic group in sample]), parents' education (grand

mean‐centered), and previous day's emotion were tested as pre-

dictors (wave mean‐centered). Ethnicity is covaried because Asian

youth are less likely to use substances than other groups (Miech

et al., 2020).

3 | RESULTS

3.1 | Descriptive models

Descriptive statistics and correlations between study variables are

presented in Table S3. Multilevel models were used to test whether

sex, ethnicity, parents' education, and age related to daily emotion,

daily stress, and substance use. Participants reported high levels of

positive emotion and low levels of anxious and depressive emotion

that did not change with age, ps > 0.40. Results indicated that female

adolescents were lower in positive emotion, B = −0.15, SE = 0.07,

p = 0.026, 95% Confidence Interval (CI) [−0.28, −0.02], β = −0.09,

f2 = 0.02, and higher in depressive emotion, B = 0.09, SE = 0.04,

p = 0.042, 95% CI [0.003, 0.18], β = 0.06, f2 = 0.02, than male ado-

lescents. Adolescents with higher parents' education reported higher

positive emotion, B = 0.04, SE = 0.02, p = 0.031, 95% CI [0.004, 0.08],

β = 0.10, f2 = 0.02, and higher depressive emotion, B = 0.03,

SE = 0.01, p = 0.043, 95% CI [0.0008, 0.05], β = 0.08, f2 = 0.02.

Adolescents also consistently reported few daily stressors, approxi-

mately two per week for each assessment. Daily stressors became

less frequent over time, B = −0.03, SE = 0.01, p < 0.001, β = −0.09,

f2 = 0.06, and female adolescents reported significantly fewer

stressors than male adolescents, B = 0.09, SE = 0.03, p = 0.004, 95%

CI [0.03, 0.14], β = 0.08, f2 = 0.05.

Past year frequency of alcohol and cannabis use and lifetime

substance use were low at study entry and increased over time

(Figure 1). Female adolescents used cannabis less frequently,

B = −0.47, SE = 0.20, p = 0.021, 95% CI [−0.87, −0.07], β = −0.10,

f2 = 0.03, and used fewer substances, B = −0.30, SE = 0.13, p = 0.020,

95% CI [−0.55, −0.05], β = −0.09, f2 = 0.02, than male adolescents.

Asian American adolescents reported less frequent alcohol use,

B = −0.66, SE = 0.22, p = 0.002, 95% CI [−1.09, −0.24], β = −0.13,

f2 = 0.03; less frequent cannabis use, B = −0.62, SE = 0.22, p = 0.005,

95% CI [−1.06, −0.18], β = −0.13, f2 = 0.04; using fewer substances,

B = −0.43, SE = 0.16, p = 0.006, 95% CI [−0.74, −0.12], β = −0.12,

f2 = 0.03; and fewer daily stressors, B = −0.15, SE = 0.04, p < 0.001,

95% CI [−0.23, −0.08], β = −0.11, f2 = 0.08, than Latine adolescents.

3.2 | Emotional reactivity to stress and
substance use

We investigated whether frequency of alcohol and cannabis use over

the past year and lifetime substance use (i.e., number of substances

ever used by that age) were related to daily emotional reactivity to

stress using three‐level multilevel models. Models predicting emotion

from daily stressors indicated that participants on average reported
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lower positive emotion and higher anxious and depressive emotion

on days when they had more arguments than their average. There-

fore, greater emotional reactivity to stress is indicated by a more

negative slope for positive emotion and a more positive slope for

anxious and depressive emotion.

Models included a Substance Use � Daily Stress cross‐level

interaction, which tested whether the daily association between

stress and each emotion differed by adolescents' past year frequency

of use and lifetime substance use. When interpreting interactions

with substance use, an interaction with a negative coefficient would

suggest that individuals with greater substance use had a more

negative daily slope (i.e., greater positive emotional reactivity to ar-

guments, attenuated negative emotional reactivity to arguments). A

positive coefficient would suggest that individuals with greater sub-

stance use had a more positive daily slope (i.e., attenuated positive

emotional reactivity to arguments, greater negative emotional reac-

tivity to arguments). We also tested whether associations between

substance use and daily emotional reactivity to stress differed by

adolescent sex by testing a three‐way Sex � Substance Use � Daily

Stress interaction. We report the percentage of variance in the

random slope (i.e., the daily association between arguments and

emotion) that is accounted for by substance use for each cross‐level

interaction.

Greater frequency of alcohol use, γ11k = 0.02, SE = 0.01,

p = 0.028, 95% CI [0.002, 0.03], β = 0.02, f2 = 0.04, 5.99% random

slope variance, and greater cannabis use over the past year,

γ11k = 0.02, SE = 0.01, p = 0.049, 95% CI [0.00003, 0.03], β = 0.02,

f2 = 0.04, 6.61% random slope variance, were both related to

attenuated positive emotional reactivity to stress (Table S4). Youth

who abstained from alcohol and cannabis use over the past year

reported the greatest declines in positive emotion on days when they

experienced more stressors (i.e., showed the highest degree of pos-

itive emotional reactivity to stress; Figure 2). In turn, adolescents

who use alcohol and cannabis more frequently over the past year had

a smaller decline in positive emotion on days when they experienced

more stressors, such that more frequent use was related to attenu-

ated positive emotional reactivity to stress. Importantly, as shown in

Figure 2, differences in positive emotion by alcohol frequency were

apparent on days when fewer stressors were experienced, as

opposed to days when more stressors were experienced. Specifically,

youth who used alcohol more frequently over the past year reported

lower positive emotion on days when fewer stressors were experi-

enced compared to youth who used substances less frequently,

despite comparable levels of positive emotion on days when more

stressors were experienced. When the Age � Daily Stress interaction

was included in the model, associations between frequency of alcohol

use and frequency of marijuana use with positive emotional reactivity

to daily stress were no longer significant (ps = 0.085 and 0.077,

respectively). Lifetime substance use was not related to positive

emotional reactivity (i.e., extent of decline in positive emotion) to

daily stress, γ11k = 0.02, SE = 0.01, p = 0.09, β = 0.01, f2 = 0.04, 3.67%

random slope variance. Associations between substance use mea-

sures and positive emotional reactivity to stress did not differ by sex,

ps > 0.50.

Substance use was related to exaggerated anxious emotional

reactivity to stress only among female adolescents (Table S5). The

association between frequency of alcohol use over the past year and

anxious emotional reactivity to stress significantly differed by sex,

π111 = 0.04, SE = 0.02, p = 0.043, 95% CI [0.001, 0.07], β = 0.02,

f2 = 0.07, 1.68% random slope variance. Simple slopes indicated that

more frequent alcohol use was associated with exaggerated anxious

emotional reactivity to stress in female adolescents, γ11k = 0.02,

SE = 0.01, p = 0.017, 95% CI [0.003, 0.03], β = 0.03, f2 = 0.06, 1.80%

random slope variance, but not male adolescents, γ11k = −0.01,

SE = 0.01, p = 0.4, 95% CI [−0.03, 0.01], β = −0.02, 0.004% random

slope variance (Figure S3a). Female adolescents who used alcohol

F I GUR E 1 Substance Use as a function of
Age. All ps < 0.001. Frequency of alcohol and

cannabis use over the past year were on a 10‐
point scale in which 1 represented no use, and
lifetime substance use was on a scale of 0–7.

CI, confidence interval.
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more frequently showed greater anxious emotion on days when they

experienced more daily arguments compared to female adolescents

who abstained from alcohol (Figure 3a). Similarly, associations be-

tween lifetime use and daily anxious emotional reactivity to stress

differed by sex, π111 = 0.05, SE = 0.02, p = 0.040, 95% CI [0.002,

0.10], β = 0.02, f2 = 0.08, 1.77% random slope variance. Female ad-

olescents who used more substances tended to show greater anxious

emotion on days when they experienced more arguments,

γ11k = 0.03, SE = 0.01, p = 0.007, 95% CI [0.008, 0.05], β = 0.04,

f2 = 0.05, 1.50% random slope variance (Figure 3b), and associations

were not significant for male adolescents, γ11k = 0.00, SE = 0.01,

p = 0.99, 95% CI [−0.03, 0.03], β = −0.01, 0.001% random slope

variance (Figure S3b). Cannabis use was unrelated to anxious

emotional reactivity to stress, p = 0.8, and this association did not

differ by sex, p = 0.3.

Finally, associations between daily substance use and depressive

emotional reactivity to stress differed by sex; π111 = 0.05, SE = 0.02,

p = 0.006, 95% CI [0.01, 0.08], β = 0.03, f2 = 0.09, 4.42% random

slope variance for frequency of alcohol use; π111 = 0.04, SE = 0.02,

p = 0.026, 95% CI [0.005, 0.08], β = 0.03, f2 = 0.10, 4.40% random

slope variance for frequency of cannabis use; π111 = 0.08, SE = 0.03,

p = 0.002, 95% CI [0.03, 0.13], β = 0.04, f2 = 0.09, 5.56% random

slope variance for lifetime substance use (Table S6). In contrast to

associations for anxious emotion, we found that greater substance

use was associated with attenuated depressive emotional reactivity

to stress in male adolescents (Figure 4). Although both male and

female adolescents generally showed significantly higher depressive

emotion on days when they experienced more stressors, male ado-

lescents who used alcohol and cannabis more frequently over the

past year and who used more substances also reported smaller

F I GUR E 2 Positive emotion as a function of daily stressors and frequency of alcohol use (a) and frequency of cannabis use (b).

Associations controlled for age, ethnicity, parents' education, and previous day's emotion. Frequency of alcohol use, and frequency of cannabis
use are continuous variables, and associations were probed at approximately one standard deviation below the mean, the mean, and one
standard deviation above the mean. Simple slope coefficients are presented next to the legend. Please note that it is common for confidence

intervals to overlap despite significantly different slopes (Schenker & Gentleman, 2001). Moderation indicates that the associations between
daily arguments and emotion significantly differ, not that the predicted values of emotion are necessarily different at all levels of daily
arguments. Participants generally showed a significant degree of emotional reactivity (i.e., lower positive emotion on days when they had more

arguments than average), and assessments of regions of significance using the Johnson–Neyman technique revealed that this association was
weaker for individuals with higher levels of substance use and no longer significant for individuals who had used alcohol 2 days per week and
who had used cannabis one day week. CI, confidence interval; SD, standard deviation. *p < 0.05; **p < 0.01; ***p < 0.001.
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increases in depressive emotion on days when they experienced

more daily stress; γ11k = −0.03, SE = 0.01, p = 0.001, 95% CI [−0.04,

−0.01], β = −0.04, f2 = 0.09, 5.43% random slope variance for fre-

quency of alcohol use; γ11k = −0.03, SE = 0.01, p = 0.001, 95% CI

[−0.04, −0.01], β = −0.04, f2 = 0.08, 6.10% random slope variance for

frequency of cannabis use, γ11k = −0.05, SE = 0.01, p < 0.001, 95% CI

[−0.08, −0.02], β = −0.04, f2 = 0.12, 5.59% random slope variance for

lifetime substance use. Among female adolescents, more frequent

past year alcohol use and greater lifetime use were associated with

marginally greater depressive emotional reactivity to stress in line

with associations for anxious emotional reactivity to stress. Female

adolescents who used alcohol more frequently, γ11k = 0.01, SE = 0.01,

p = 0.094, 95% CI [−0.002, 0.03], β = 0.02, 1.28% random slope

variance, and used more substances, γ11k = 0.02, SE = 0.01, p = 0.060,

95% CI [−0.0008, 0.04], β = 0.03, 1.78% random slope variance,

showed marginally greater increases in depressive emotion on days

when they experienced more arguments (Figure S4). Frequency of

cannabis use over the past year was not associated with daily

depressive emotional reactivity to arguments for female adolescents,

γ11k = 0.00, SE = 0.01, p = 0.620, 95% CI [−0.01, 0.02], β = 0.02,

0.001% random slope variance.

Significant associations were tested again controlling for

emotional variability (calculated as the individual standard deviation

across days) and mean number of daily stressors (wave mean‐
centered) to determine whether associations between substance use

and emotional reactivity to stress were unique from associations with

more general fluctuations in emotion and frequency of daily

stressors. These models also covaried for whether participants were

living with their parents (94% at Wave 2, 82% at Wave 3) or had a

romantic partner (27% at Wave 2, 42% at Wave 3) at each wave

Simple Slopes
= 0.07*, SE = 0.03, t=2.06, p=.039, 95% CI [0.003, 0.13], β=.04
= 0.16***, SE = 0.02, t=6.32, p<.001, 95% CI [0.11, 0.21], β=.10
= 0.25***, SE = 0.05, t=5.10, p<.001, 95% CI [0.15, 0.34], β=.16

Simple Slopes
= 0.09**, SE = 0.03, t=2.68, p=.007, 95% CI [0.02, 0.15], β=.06
= 0.13***, SE = 0.02, t=5.65, p<.001, 95% CI [0.09, 0.18], β=.09
= 0.18***, SE = 0.03, t=5.32, p<.001, 95% CI [0.11, 0.24], β=.12

F I GUR E 3 Anxious emotion as a function of daily stressors and frequency of alcohol use (a) and lifetime substance use (b) in female
adolescents. Associations controlled for age, ethnicity, parents' education, and previous day's emotion. Frequency of alcohol use and lifetime
substance use are continuous variables, and associations were probed at values approximately one SD below the mean, the mean, and one SD
above the mean. Simple slopes are presented next to the legend. Please note that it is common for confidence intervals to overlap despite

significantly different slopes (Schenker & Gentleman, 2001). Moderation indicates that the associations between daily arguments and emotion
significantly differ, not that the predicted values of emotion are necessarily different at all levels of daily arguments. Female participants
generally showed a significant degree of emotional reactivity (i.e., higher anxious emotion on days when they had more arguments than

average), and assessments of regions of significance using the Johnson–Neyman technique revealed that this association significant at all levels
of substance use, although stronger associations emerged for female individuals with higher levels of substance use. CI, confidence interval;
SD, standard deviation. *p < 0.05; **p < 0.01; ***p < 0.001.
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Simple Slopes  
= 0.18***, SE=0.04, t=5.02, p<.001, 95% CI [0.11, 0.25], β=.12 
= 0.12***, SE=0.03, t=3.84, p<.001, 95% CI [0.06, 0.19], β=.08 
= 0.07, SE=0.05, t=1.50, p=.135, 95% CI [-0.02, 0.16], β=.05 

Never Used Cannabis in the past year 
Used Cannabis 3-11 days in the past year 
Used Cannabis 2-3 days per month 

Simple Slopes  
= 0.22***, t=4.75, p<.001, SE = 0.05, 95% CI [0.13, 0.31], β=.14 
= 0.13***, t=4.04, p<.001, SE = 0.03, 95% CI [0.07, 0.19], β=.08 
= 0.03, t=0.61, p=.545, SE = 0.06, 95% CI [-0.08, 0.14], β=.02 

Simple Slopes 
= 0.21***, SE = 0.04, t=4.91, p<.001, 95% CI [0.13, 0.30], β=.14 
= 0.15***, SE = 0.03, t=4.74, p<.001, 95% CI [0.09, 0.21], β=.10 
= 0.09*, SE = 0.04, t=2.14, p=.032, 95% CI [0.01, 0.16], β=.06 

F I GUR E 4 Depressive emotion as a function of daily stressors and frequency of alcohol use (a), frequency of cannabis use (b), and lifetime
substance use (c) in male adolescents. Associations controlled for age, ethnicity, parents' education, and previous day's emotion. Frequency of

alcohol use, frequency of cannabis use, and lifetime substance use are continuous variables, and associations were probed at values
approximately one SD below the mean, the mean, and one SD above the mean. Simple slopes are presented next to the legend. Please note
that it is common for confidence intervals to overlap despite significantly different slopes (Schenker & Gentleman, 2001). Moderation indicates

that the associations between daily arguments and emotion significantly differ, not that the predicted values of emotion are necessarily
different at all levels of daily arguments. Male participants showed a significant degree of emotional reactivity (i.e., higher depressive emotion
on days when they had more arguments than average), and assessments of regions of significance using the Johnson–Neyman technique

revealed that this association was weaker for male individuals with higher levels of substance use and no longer significant for male individuals
who had used alcohol once per week or more, who had used cannabis 2–3 days per month or more, and who had used four or more substances.
CI, confidence interval; SD, standard deviation. *p < 0.05; **p < 0.01; ***p < 0.001.
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(0 = no, 1 = yes) to account for opportunity for arguments. Follow‐up

analyses resulted in a nearly identical pattern of results. All results

are summarized in Table S7.

4 | DISCUSSION

Guided by a developmental psychopathology framework (Cicchetti &

Cohen, 1995; Cichetti & Rogosch, 2002), we assessed how frequency

of alcohol and cannabis use in adolescence is related to individuals'

emotional reactivity to daily stressors. Results revealed that associ-

ations between substance use and emotional reactivity to daily stress

varied by emotional valence and sex. More frequent use of alcohol

and cannabis were related to attenuated positive emotional reac-

tivity to stress among male and female adolescents. When examining

two dimensions of negative emotional reactivity (i.e., anxious and

depressive emotion), we found that more frequent alcohol use over

the past year and greater lifetime substance use were associated

with exaggerated anxious emotional reactivity to stress in female

adolescents, whereas more frequent use of alcohol and cannabis over

the past year and greater lifetime substance use were associated

with attenuated depressive emotional reactivity to stress in male

adolescents. Associations for the substance use measure of primary

interest, frequency of alcohol use, were consistently replicated for

either frequency of cannabis use (for positive and depressive

emotional reactivity) or lifetime substance use (for anxious and

depressive emotional reactivity). Results suggest that substance use

in adolescence may be related to psychopathology including

depressive symptoms in adulthood because these youth are also

showing differences in daily emotional reactivity to stress. Study

results extend past findings relating acute emotional reactivity to

substance use risk by identifying concurrent associations between

substance use and daily emotional reactivity to stress, suggesting

that substance use may be tied to adolescents' daily experiences and

thereby incur risk. It is possible that use of substances can impact

how youth respond to subsequent daily experiences, which may also

contribute to greater substance use over time, in addition to poorer

social relationships and mental health.

4.1 | Substance use and emotional reactivity to
stress

From a developmental psychopathology framework (Cicchetti &

Cohen, 1995; Cichetti & Rogosch, 2002), findings suggest that sub-

stance use is related to daily emotion processes, which can be a

potential microsystem pathway relating substance use to psychopa-

thology risk and other outcomes. Repeated use of substances could

impact an adolescent's daily experiences including their emotion

regulation and capacity to respond to stress (Weiss et al., 2017).

Psychopathology could also be a mediating pathway, as mental health

problems that are often comorbid with substance use (e.g., greater

internalizing and externalizing problems, respectively) may similarly

relate to exaggerated and attenuated emotional reactivity to stress

through mutually reinforcing pathways (Danzo et al., 2021; Felton

et al., 2015).

More frequent substance use was associated with attenuated

positive emotional reactivity to stress for both male and female

youth. Statistical models also indicated that youth who used sub-

stances more frequently showed consistently lower positive emotion,

irrespective of daily stressors, whereas youth who used substances

less frequently tended to report higher positive emotion on days

when they experienced relatively fewer stressors. Results extend

prior findings that have largely emphasized high negative rather than

low positive emotion as a risk factor for substance use (Rusby

et al., 2019; Shadur et al., 2015). Participants on average did not

report the scale minimum of positive emotion, suggesting that youth

who used substances more frequently had both chronically lower

positive emotion and low positive emotional reactivity to daily stress.

It is possible that substance use was related to attenuated pos-

itive emotional reactivity because youth who are not stimulated by

daily experiences may be motivated to use substances to enhance

positive emotion (Zuckerman, 2007). Frequent substance use could

also disrupt adolescents' capacity for self‐regulation, impact well‐
being and daily experiences, and consequently shape their positive

emotional reactivity to stress (Parrish et al., 2016; Weiss et al., 2017),

which may explain associations with frequency but not lifetime

substance use. Associations also may not have emerged for lifetime

substance use because youth who used more substances may have

experimented with substances and then discontinued use. Although

statistical models predicted emotion from substance use, associations

are likely bidirectional. Difficulties with emotion regulation and

heightened chronic negative emotion could position adolescents to

be exposed to substances through deviant peers and more motivated

to use substances to cope with stress (e.g., Brook et al., 2011; Fox

et al., 2011; Gallegos et al., 2021).

4.2 | Sex differences in associations between
substance use and emotional reactivity to stress

Sex differences emerged in associations between substance use and

anxious and depressive emotional reactivity to stress, in agreement

with sex‐specific associations from other studies (e.g., Chaplin

et al., 2019). More frequent use of alcohol over the past year and

greater lifetime use were associated with exaggerated anxious

emotional reactivity among female adolescents. This result aligns

with prior findings that exaggerated emotional variability and

emotional reactivity incur risk for poor mental health including

depressive symptoms (Bai et al., 2020; Myin‐Germeys et al., 2003). A

somewhat consistent pattern of results—with more frequent alcohol

use over the past year and greater lifetime substance use relating to

exaggerated emotional reactivity to stress in female adolescents—

was marginally significant for depressive emotion as well. Sex dif-

ferences may have emerged because greater reactivity to interper-

sonal stress can result in internalizing problems, which are more
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prevalent and more related to substance use in female than in male

adolescents (e.g., Danzo et al., 2021). Greater stress and conflict also

tend to be more strongly related to substance use disorders among

female than male adolescents (Skeer et al., 2011). Cannabis use may

not relate to anxious emotional reactivity to stress because it relates

to differences in other aspects of anxious emotion, irrespective of

daily stress. For instance, more frequent cannabis use has been

related to greater anxious mood lability and anxiety in adolescence

and young adulthood (Epstein et al., 2015; Rusby et al., 2019).

Cannabis use was also low in this sample, limiting ability to detect

associations.

In turn, greater past year frequency of use and lifetime substance

use were related to dampened depressive emotional reactivity to

stress in male adolescents. These results expand prior research that

has related attenuated emotional flexibility to depression and psy-

chopathy (e.g., Truedsson et al., 2019). Attenuated depressive

emotional reactivity to stress may indicate lower sensitivity to stress,

and under‐arousal from daily experiences could motivate later sub-

stance use (Zuckerman, 2007). Attenuated emotional reactivity to

positive and negative images has been associated with greater psy-

chopathology including externalizing problems and callous‐
unemotional traits, both of which have been related to greater sub-

stance use and tend to be higher in male than in female adolescents

(Hillege et al., 2010; Truedsson et al., 2019).

Differences in emotion socialization and motives for substance use

have also been theorized to contribute to sex differences in pathways

to substance use (e.g., Chaplin et al., 2018). Male adolescents are often

more socialized to avoid expressing their emotions than female ado-

lescents (Fivush et al., 2000). Therefore, difficulties with stress regu-

lation may be indexed by attenuated reactivity to stress in male

adolescents and exaggerated reactivity in female adolescents. Motives

also differ by sex such that male adolescents are more likely to report

motives to use substances to promote sociability and to enhance

arousal, whereas female adolescents are more likely to use substances

to reduce distress (Kuntsche et al., 2015). It may be that youth who use

substances to promote arousal may also be less influenced by social

stressors and consequently show attenuated emotional reactivity to

stress. In turn, youth who are motivated by beliefs that substances can

reduce distress may also be more sensitive, and thus responsive, to

stress. Future studies will need to investigate whether these factors

account for sex‐based differences in associations.

4.3 | Study implications

Associations were small in magnitude, highlighting that substance use

is related to emotional reactivity as onedistinct aspect of emotion, over

and above overall levels of emotion, and that many factors beyond

substance use and arguments relate to daily positive and negative

emotion. Therefore emotional reactivity to stress could be targeted as

an avenue for intervention, but it would likely be targeted in

conjunction with other pathways. The modest effect sizes suggest that

it is possible that substance use and emotional reactivity may relate to

one another through another variable, such as psychopathology. Study

findings may have implications for sex‐specific substance use treat-

ment and for identifying youth at early risk of substance use. Substance

use may incur consequences by altering adolescents' responses to

stress, and substance use treatment programs for youth may also

benefit from incorporating trainings regarding coping with stress,

including aspects of mindfulness and acceptance (Broderick, 2013).

Emerging evidence also suggests that cultivating a sense of purpose

can promote emotion regulatory skills, dampen emotional reactivity to

positive and negative events, and reduce risk of substance use (Hill

et al., 2022; Minehan et al., 2000), suggesting that interventions, ac-

tivities, or discussions that cultivate purpose might reduce substance

use and emotional reactivity to stress.

Family‐ and school‐based interventions can incorporate discus-

sions regarding how to respond to stress and openly address how

substance use can be a tempting but counterproductive means of

responding to stress, acknowledging potential differences in how

male and female youth may be inclined to respond to stress. Parents

can observe and track their children's general emotional reactivity to

daily stressors. Interventions may also alter emotional reactivity to

stress among at‐risk youth by incorporating positive parenting

practices that have been previously associated with differences in

negative emotional reactivity to daily stressors, including higher

parental warmth and better communication (e.g., Lippold et al., 2016).

4.4 | Limitations

The study was limited by the measurement of daily emotions and

substance use. Findings could be strengthened by measuring discrete

emotions (e.g., anger) and emotional arousal. We used an extensively

used and well‐validated method for assessing daily linkages between

stressors and emotion (Almeida, 2005; Herres et al., 2016), although

it is possible that external factors could influence emotion reported

at the end of the day or that emotion could contribute to interper-

sonal stress. The daily protocol was technically administered shortly

after reports of substance use, although daily protocols typically

capture general patterns of individuals' daily experiences (Shiff-

man, 2009), and we would not expect estimates of emotional reac-

tivity from checklists to greatly deviate across the span of weeks or

months. Although the present study assessed argument frequency,

arguments can vary in intensity. Future studies can account for how

intense an argument was using subjective ratings of intensity or

perceived stressfulness.

There were also limitations to the accelerated longitudinal design

of the study. There was attrition across the study, and youth of lower

parental education and Asian American backgrounds had higher

attrition compared to other participants. The 2‐year interval between

assessments precluded rigorous examination of directionality of as-

sociations, and future longitudinal studies with more frequent as-

sessments (e.g., yearly) can examine prospective and bidirectional

associations between emotional reactivity to stress and substance

use. Finally, participants' first reports were collected between 2011
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and 2012, and vaping has since become more prevalent and should

be measured in future studies. The COVID‐19 pandemic also influ-

enced both adolescents' substance use and emotion, such that as-

sociations between emotional reactivity to stress and substance use

may have shifted during this unique period.

5 | CONCLUSION

Although emotion and stress are related to substance use, limited

research has examined whether substance use relates to emotional

reactivity to daily stress during adolescence, a period when youth

show increasing substance use (Miech et al., 2020). The present study

found that greater substance use, with respect to frequency of

alcohol and cannabis use over the past year and lifetime substance

use, were related to emotional reactivity to stress among adoles-

cents, over and above emotional variability, with associations

differing by sex and emotional valence. More frequent use of alcohol

and cannabis was related to attenuated positive emotional reactivity

to daily stress among male and female adolescents. More frequent

alcohol use over the past year and greater lifetime use were related

to exaggerated anxious emotional reactivity to stress among female

adolescents, whereas greater substance use frequency and lifetime

use were related to attenuated depressive emotional reactivity to

stress among male adolescents. These findings support conceptual

models that relate emotional reactivity to stress to substance use

differentially by sex (Chaplin et al., 2018). Further research is needed

to identify how emotional reactivity to stress relates to substance

use, the temporality of associations, and whether differences in

emotion socialization or substance use motives may explain sex‐
specific patterns of associations.

ACKNOWLEDGEMENTS

We would also like to thank the participants and research staff for their

time and efforts. This research was supported by NIH National Center

for Advancing Translational Science (NCATS) UCLA CTSI

(UL1TR001881) and funding from the Eunice Kennedy Shriver Na-

tional Institute of Child Health and Human Development (R01‐
HD062547), the UCLA California Center for Population Research

(P2C‐HD041022), the UCLA Older Americans Independence Center

(P30‐AG028748), and the USC/UCLA Center for Biodemography and

Population Health (P30‐AG017265). Danny Rahal was supported by

National Institutes of Health grants 1 F31 DA051181‐01A1 and T32

DA017629.

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no conflict of interest.

DATA AVAILABILITY STATEMENT

Data were collected as part of a longitudinal study. Data are available

upon request. Code and materials are provided at https://osf.io/

53kry.

REFERENCES

Aguinis, H., Beaty, J. C., Boik, R. J., & Pierce, C. A. (2005). Effect size and

power in assessing moderating effects of categorical variables using

multiple regression: A 30‐year review. Journal of Applied Psychology,
90(1), 94–107. https://doi.org/10.1037/0021‐9010.90.1.94

Aguinis, H., Gottfredson, R. K., & Culpepper, S. A. (2013). Best‐practice

recommendations for estimating cross‐level interaction effects us-

ing multilevel modeling. Journal of Management, 39(6), 1490–1528.

https://doi.org/10.1177/0149206313478188

Allan, N. P., Lonigan, C. J., & Phillips, B. M. (2015). Examining the factor

structure and structural invariance of the PANAS across children,

adolescents, and young adults. Journal of Personality Assessment,
97(6), 616–625. https://doi.org/10.1080/00223891.2015.1038388

Almeida, D. M. (2005). Resilience and vulnerability to daily stressors

assessed via diary methods. Current Directions in Psychological Science,
14(2), 64–68. https://doi.org/10.1111/j.0963‐7214.2005.00336.x

Almeida, D. M., Wethington, E., & Kessler, R. C. (2002). The daily inventory

of stressful events: An interview‐based approach for measuring daily

stressors. Assessment , 9(1), 41–55. https://doi.org/10.1177/

1073191102091006

Austin, G., Polik, J., Hanson, T., & Zheng, C. (2016). School climate, sub-
stance use, and student well‐being in California, 2013‐2015. Results of
the fifteenth Biennial Statewide Student Survey, Grades 7, 9, and 11.

WestEd Health & Human Development Program.

Bai, S., Robles, T. F., Reynolds, B. M., & Repetti, R. L. (2020). Daily mood

reactivity to stress during childhood predicts internalizing problems

three years later. Journal of Abnormal Child Psychology, 48(8),

1063–1075. https://doi.org/10.1007/s10802‐020‐00650‐7
Birditt, K. S., Cichy, K. E., & Almeida, D. (2011). Age differences in expo-

sure and reactivity to interpersonal tensions among black and white

individuals across adulthood. Race & Social Problems, 3, 225–239.

https://doi.org/10.1007/s12552‐011‐9058‐y
Bolger, N., & Zuckerman, A. (1995). A framework for studying personality

in the stress process. Journal of Personality and Social Psychology,
69(5), 890–902. https://doi.org/10.1037/0022‐3514.69.5.890

Boman IV, J. H., Stogner, J., & Lee Miller, B. (2013). Binge drinking,

marijuana use, and friendships: The relationship between similar and

dissimilar usage and friendship quality. Journal of Psychoactive Drugs,
45(3), 218–226. https://doi.org/10.1080/02791072.2013.803646

Bradley, S. J. (2003). Affect regulation and the development of psychopa-
thology. Guilford Press.

Broderick, P. C. (2013). Learning to BREATHE. New Harbinger.

Brook, D. W., Brook, J. S., Rubenstone, E., Zhang, C., & Saar, N. S. (2011).

Developmental associations between externalizing behaviors, peer

delinquency, drug use, perceived neighborhood crime, and violent

behavior in urban communities. Aggressive Behavior, 37(4), 349–361.

https://doi.org/10.1002/ab.20397

Chaplin, T. M., Niehaus, C., & Gonçalves, S. F. (2018). Stress reactivity and

the developmental psychopathology of adolescent substance use.

Neurobiology of Stress, 9, 133–139. https://doi.org/10.1016/j.ynstr.

2018.09.002

Chaplin, T. M., Poon, J. A., Thompson, J. C., Hansen, A., Dziura, S. L.,

Turpyn, C. C., Niehaus, C. E., Sinha, R., Chassin, L., & Ansell, E. B.

(2019). Sex‐differentiated associations among negative parenting,

emotion‐related brain function, and adolescent substance use and

psychopathology symptoms. Social Development, 28(3), 637–656.

https://doi.org/10.1111/sode.12364

Chaplin, W. F. (1991). The next generation of moderator research in

personality psychology. Journal of Personality, 59(2), 143–178.

https://doi.org/10.1111/j.1467‐6494.1991.tb00772.x

Cicchetti, D., & Cohen, D. J. (1995). Perspectives on developmental psy-

chopathology. In D. Cicchetti & D. J. Cohen (Eds.), Developmental
psychopathology, Vol. 1. Theory and methods (pp. 3–20). John Wiley &

Sons.

14 of 17 - RAHAL ET AL.

 15322998, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

i.3420 by U
niversity O

f C
alifornia, L

os, W
iley O

nline L
ibrary on [20/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Cicchetti, D., & Rogosch, F. A. (2002). A developmental psychopathology

perspective on adolescence. Journal of Consulting and Clinical Psy-
chology, 70(1), 6–20. https://doi.org/10.1037/0022‐006X.70.1.6

Cohen, L. H., Gunthert, K. C., Butler, A. C., O'Neill, S. C., & Tolpin, L. H.

(2005). Daily affective reactivity as a prospective predictor of

depressive symptoms. Journal of Personality, 73(6), 1687–1714.

https://doi.org/10.1111/j.0022‐3506.2005.00363.x

Curran, P. J., Bauer, D. J., & Willoughby, M. T. (2004). Testing main effects

and interactions in latent curve analysis. Psychological Methods, 9(2),

220–237. https://doi.org/10.1037/1082‐989X.9.2.220

Danzo, S., Connell, A. M., & Stormshak, E. (2021). Pathways between

alcohol use and internalizing symptoms across emerging adulthood:

Examination of gender differences in interpersonal and intraper-

sonal processes. Emerging Adulthood, 9(4), 347–359. https://doi.org/

10.1177/2167696820936066

De Leon, A. N., Dvorak, R. D., Kramer, M. P., Peterson, R., Pinto, D. A.,

Leary, A. V., & Magri, T. D. (2020). Daily patterns of emotional

functioning on drinking and nondrinking days. Alcoholism: Clinical and
Experimental Research, 44(12), 2598–2610. https://doi.org/10.1111/

acer.14480

Dora, J., Piccirillo, M., Foster, K. T., Arbeau, K., Armeli, S., Auriacombe, M.,

Gottfredson, N. C., King, K., Blumenstock, S. M., Bold, K., Bonar, E. E.,

Braitman, A., Carpenter, R. W., Creswell, K. G., De Hart, T., Dvorak,

R. D., Emery, N., Enkema, M., & Fairbairn, C. E. (2023). The daily

association between affect and alcohol use: A meta‐analysis of in-

dividual participant data. Psychological Bulletin, 149(1–2), 1–24.

https://doi.org/10.1037/bul0000387

Dvorak, R. D., & Simons, J. S. (2008). Affective differences among daily

tobacco users, occasional users, and non‐users. Addictive Behaviors,
33(1), 211–216. https://doi.org/10.1016/j.addbeh.2007.09.003

Enders, C. K., Keller, B. T., & Woller, M. P. (2023). A simple Monte Carlo

method for estimating power in multilevel designs. Psychological
Methods. https://doi.org/10.1037/met0000614

Epstein, M., Hill, K. G., Nevell, A. M., Guttmannova, K., Bailey, J. A., Abbott,

R. D., Kosterman, R., & Hawkins, J. D. (2015). Trajectories of mari-

juana use from adolescence into adulthood: Environmental and in-

dividual correlates. Developmental Psychology, 51(11), 1650–1663.

https://doi.org/10.1037/dev0000054

Evans, B. E., Greaves‐Lord, K., Euser, A. S., Thissen, S., Tulen, J. H., Franken,

I. H., & Huizink, A. C. (2016). Stress reactivity as a prospective

predictor of risky substance use during adolescence. Journal of
Studies on Alcohol and Drugs, 77(2), 208–219. https://doi.org/10.

15288/jsad.2016.77.208

Felton, J. W., Kofler, M. J., Lopez, C. M., Saunders, B. E., & Kilpatrick, D. G.

(2015). The emergence of co‐occurring adolescent polysubstance

use and depressive symptoms: A latent growth modeling approach.

Development and Psychopathology, 27(4), 1367–1383. https://doi.org/

10.1017/S0954579414001473

Finsaas, M. C., & Goldstein, B. L. (2021). Do simple slopes follow‐up tests

lead us astray? Advancements in the visualization and reporting of

interactions. Psychological Methods, 26(1), 38–60. https://doi.org/10.

1037/met0000266

Fivush, R., Brotman, M. A., Buckner, J. P., & Goodman, S. H. (2000). Gender

differences in parent–child emotion narratives. Sex Roles, 42(3),

233–253. https://doi.org/10.1023/A:1007091207068

Fox, C. L., Towe, S. L., Stephens, R. S., Walker, D. D., & Roffman, R. A.

(2011). Motives for cannabis use in high‐risk adolescent users. Psy-
chology of Addictive Behaviors, 25(3), 492–500. https://doi.org/10.

1037/a0024331

Gallegos, M. I., Zaring‐Hinkle, B., Wang, N., & Bray, J. H. (2021). Detach-

ment, peer pressure, and age of first substance use as gateways to

later substance use. Drug and Alcohol Dependence, 218, 108352.

https://doi.org/10.1016/j.drugalcdep.2020.108352

Goldenson, N. I., Leventhal, A. M., Stone, M. D., McConnell, R. S., &

Barrington‐Trimis, J. L. (2017). Associations of electronic cigarette

nicotine concentration with subsequent cigarette smoking and

vaping levels in adolescents. JAMA Pediatrics, 171(12), 1192–1199.

https://doi.org/10.1001/jamapediatrics.2017.3209

Gross, J. J. (1998). The emerging field of emotion regulation: An inte-

grative review. Review of General Psychology, 2(3), 271–299. https://

doi.org/10.1037/1089‐2680.2.3.271

Gustavson, D. E., Stallings, M. C., Corley, R. P., Miyake, A., Hewitt, J. K., &

Friedman, N. P. (2017). Executive functions and substance use:

Relations in late adolescence and early adulthood. Journal of
Abnormal Psychology, 126(2), 257–270. https://doi.org/10.1037/

abn0000250

Herres, J., Ewing, E. S. K., & Kobak, R. (2016). Emotional reactivity to

negative adult and peer events and the maintenance of adolescent

depressive symptoms: A daily diary design. Journal of Abnormal Child
Psychology, 44(3), 471–481. https://doi.org/10.1007/s10802‐015‐
0043‐6

Hill, P. L., Sin, N. L., Almeida, D. M., & Burrow, A. L. (2022). Sense of

purpose predicts daily positive events and attenuates their influence

on positive affect. Emotion, 22(3), 597–602. https://doi.org/10.1037/

emo0000776

Hillege, S., Das, J., & de Ruiter, C. (2010). The Youth Psychopathic Traits

Inventory: Psychometric properties and its relation to substance use

and interpersonal style in a Dutch sample of non‐referred adoles-

cents. Journal of Adolescence, 33(1), 83–91. https://doi.org/10.1016/j.

adolescence.2009.05.006

Hoffmann, J. P. (2016). Cumulative stress and substance use from early

adolescence to emerging adulthood. Journal of Drug Issues, 46(3),

267–288. https://doi.org/10.1177/0022042616638492

Johnson, P. O., & Fay, L. C. (1950). The Johnson–Neyman technique, its

theory and application. Psychometrika, 15(4), 349–367. https://doi.

org/10.1007/BF02288864

Jones, A., Crawford, J., Rose, A., Christiansen, P., & Cooke, R. (2020).

Regret me not: Examining the relationship between alcohol con-

sumption and regrettable experiences. Substance Use & Misuse,
55(14), 2379–2388. https://doi.org/10.1080/10826084.2020.

1817084

Kelly, A. B., Evans‐Whipp, T. J., Smith, R., Chan, G. C., Toumbourou, J. W.,

Patton, G. C., Hemphill, S. A., Hall, W. D., & Catalano, R. F. (2015). A

longitudinal study of the association of adolescent polydrug use,

alcohol use and high school non‐completion. Addiction, 110(4),

627–635. https://doi.org/10.1111/add.12829

Kuntsche, E., Wicki, M., Windlin, B., Roberts, C., Gabhainn, S. N., van der

Sluijs, W., Aasvee, K., Gaspar de Matos, M., Dankulincová, Z., Hublet,

A., Tynjälä, J., Välimaa, R., Bendtsen, P., Vieno, A., Mazur, J., Farkas,

J., & Demetrovics, Z. (2015). Drinking motives mediate cultural dif-

ferences but not gender differences in adolescent alcohol use.

Journal of Adolescent Health, 56(3), 323–329. https://doi.org/10.

1016/j.jadohealth.2014.10.267

Larson, R. W., Moneta, G., Richards, M. H., & Wilson, S. (2002). Continuity,

stability, and change in daily emotional experience across adoles-

cence. Child Development, 73(4), 1151–1165. https://doi.org/10.

1111/1467‐8624.00464

Levenson, R. W., Sher, K. J., Grossman, L. M., Newman, J., & Newlin, D. B.

(1980). Alcohol and stress response dampening: Pharmacological

effects, expectancy, and tension reduction. Journal of Abnormal Psy-
chology, 89(4), 528–538. https://doi.org/10.1037/0021‐843X.89.

4.528

Lippold, M. A., Davis, K. D., McHale, S. M., Buxton, O. M., & Almeida, D. M.

(2016). Daily stressor reactivity during adolescence: The buffering

role of parental warmth. Health Psychology, 35(9), 1027–1035.

https://doi.org/10.1037/hea0000352

Maciejewski, D. F., van Lier, P. A., Branje, S. J., Meeus, W. H., & Koot, H. M.

(2015). A 5‐year longitudinal study on mood variability across

adolescence using daily diaries. Child Development, 86(6),

1908–1921. https://doi.org/10.1111/cdev.12420

RAHAL ET AL. - 15 of 17

 15322998, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

i.3420 by U
niversity O

f C
alifornia, L

os, W
iley O

nline L
ibrary on [20/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Magee, K. E., & Connell, A. M. (2021). The role of substance use coping in

linking depression and alcohol use from late adolescence through

early adulthood. Experimental and Clinical Psychopharmacology, 29(6),

659–669. https://doi.org/10.1037/pha0000436

McCambridge, J., McAlaney, J., & Rowe, R. (2011). Adult consequences of

late adolescent alcohol consumption: A systematic review of cohort

studies. PLoS Medicine, 8(2), e1000413. https://doi.org/10.1371/

journal.pmed.1000413

McLarnon, M. E., Darredeau, C., Chan, J., & Barrett, S. P. (2014). Motives

for the non‐prescribed use of psychiatric medications: Relationships

with psychopathology, other substance use and patterns of use.

Journal of Substance Use, 19(6), 421–428. https://doi.org/10.3109/

14659891.2013.845697

McNair, D., Lorr, M., & Droppleman, L. (1989). Profile of mood States

(POMS).

Merrin, G. J., & Leadbeater, B. (2018). Do classes of polysubstance use in

adolescence differentiate growth in substances used in the transi-

tion to young adulthood? Substance Use & Misuse, 53(13),

2112–2124. https://doi.org/10.1080/10826084.2018.1455702

Merrin, G. J., Thompson, K., & Leadbeater, B. J. (2018). Transitions in the

use of multiple substances from adolescence to young adulthood.

Drug and Alcohol Dependence, 189, 147–153. https://doi.org/10.

1016/j.drugalcdep.2018.05.015

Miech, R. A., Johnston, L. D., O'Malley, P. M., Bachman, J. G., Schulenberg,

J. E., & Patrick, M. E. (2020). Monitoring the future national survey
results on drug use, 1975‐2019. Institute for Social Research. https://

doi.org/10.3998/2027.42/162578

Miettunen, J., Murray, G. K., Jones, P. B., Mäki, P., Ebeling, H., Taanila, A.,

Joukamaa, M., Savolainen, J., Törmänen, S., Järvelin, M. R., Veijola,

J., & Moilanen, I. (2014). Longitudinal associations between child-

hood and adulthood externalizing and internalizing psychopathology

and adolescent substance use. Psychological Medicine, 44(8),

1727–1738. https://doi.org/10.1017/S0033291713002328

Minehan, J. A., Newcomb, M. D., & Galaif, E. R. (2000). Predictors of

adolescent drug use: Cognitive abilities, coping strategies, and pur-

pose in life. Journal of Child & Adolescent Substance Abuse, 10(2),

33–52. https://doi.org/10.1300/J029v10n02_04

Myin‐Germeys, I., Peeters, F. P. M. L., Havermans, R., Nicolson, N. A.,

DeVries, M. W., Delespaul, P. A. E. G., & Van Os, J. (2003). Emotional

reactivity to daily life stress in psychosis and affective disorder: An

experience sampling study. Acta Psychiatrica Scandinavica, 107(2),

124–131. https://doi.org/10.1034/j.1600‐0447.2003.02025.x

Neppl, T. K., Diggs, O. N., Neppl, A. K., & Denburg, N. L. (2023). Adolescent

predictors of psychiatric disorders in adulthood: The role of

emotional distress and problem drinking in emerging adulthood.

Development and Psychopathology, 1–11. https://doi.org/10.1017/

S0954579423000081

Parrish, K. H., Atherton, O. E., Quintana, A., Conger, R. D., & Robins, R. W.

(2016). Reciprocal relations between internalizing symptoms and

frequency of alcohol use: Findings from a longitudinal study of

Mexican‐origin youth. Psychology of Addictive Behaviors, 30(2),

203–208. https://doi.org/10.1037/adb0000138

Pressman, S. D., Jenkins, B. N., & Moskowitz, J. T. (2019). Positive affect

and health: What do we know and where next should we go? Annual
Review of Psychology, 70(1), 627–650. https://doi.org/10.1146/

annurev‐psych‐010418‐102955

Rahal, D., Alkon, A., Shirtcliff, E., Gonzales, N., Fuligni, A., Eskenazi, B., &

Deardorff, J. (2023). Dampened autonomic nervous system re-

sponses to stress and substance use in adolescence. Stress and
Health, 39(1), 182–196. https://doi.org/10.1002/smi.3173

Rahal, D., Shirtcliff, E. A., Fuligni, A., Kogut, K., Gonzales, N., Johnson, M.,

Eskenazi, B., & Deardorff, J. (2022). Dampened psychobiological

responses to stress and substance use in adolescence. Development
and Psychopathology, 35(3), 1497–1514. https://doi.org/10.1017/

S0954579422000244

Reeck, C., Ames, D. R., & Ochsner, K. N. (2016). The social regulation of

emotion: An integrative, cross‐disciplinary model. Trends in Cognitive
Sciences, 20(1), 47–63. https://doi.org/10.1016/j.tics.2015.09.003

Rodriguez, L. M., Neighbors, C., & Knee, C. R. (2014). Problematic alcohol

use and marital distress: An interdependence theory perspective.

Addiction Research and Theory, 22(4), 294–312. https://doi.org/10.

3109/16066359.2013.841890

Rusby, J. C., Westling, E., Crowley, R., Mills, K. L., & Light, J. M. (2019).

Associations between marijuana use and anxious mood lability

during adolescence. Addictive Behaviors, 92, 89–94. https://doi.org/

10.1016/j.addbeh.2018.12.029

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality
and Social Psychology, 39(6), 1161–1178. https://doi.org/10.1037/

h0077714

Sawyer, S. M., Azzopardi, P. S., Wickremarathne, D., & Patton, G. C. (2018).

The age of adolescence. The Lancet Child & Adolescent Health, 2(3),

223–228. https://doi.org/10.1016/S2352‐4642(18)30022‐1
Sayette, M. A. (1993). An appraisal‐disruption model of alcohol's effects

on stress responses in social drinkers. Psychological Bulletin, 114(3),

459–476. https://doi.org/10.1037/0033‐2909.114.3.459

Sayette, M. A., Creswell, K. G., Dimoff, J. D., Fairbairn, C. E., Cohn, J. F.,

Heckman, B. W., Kirchner, T. R., Levine, J. M., & Moreland, R. L.

(2012). Alcohol and group formation: A multimodal investigation of

the effects of alcohol on emotion and social bonding. Psychological
S c i e n c e , 23 ( 8 ) , 8 6 9 – 8 7 8 . h t t p s : / / d o i . o r g / 1 0 . 1 1 7 7 /

0956797611435134

Schenker, N., & Gentleman, J. F. (2001). On judging the significance of

differences by examining the overlap between confidence intervals.

American Statistician, 55(3), 182–186.

Schielzeth, H., Dingemanse, N. J., Nakagawa, S., Westneat, D. F., Allegue,

H., Teplitsky, C., Réale, D., Dochtermann, N. A., Garamszegi, L. Z.,

Araya‐Ajoy, Y. G., & Araya‐Ajoy, Y. G. (2020). Robustness of linear

mixed‐effects models to violations of distributional assumptions.

Methods in Ecology and Evolution, 11(9), 1141–1152. https://doi.org/

10.1111/2041‐210x.13434

Shadur, J. M., Hussong, A. M., & Haroon, M. (2015). Negative affect

variability and adolescent self‐medication: The role of the peer

context. Drug and Alcohol Review, 34(6), 571–580. https://doi.org/10.

1111/dar.12260

Shiffman, S. (2009). Ecological momentary assessment (EMA) in studies of

substance use. Psychological Assessment, 21(4), 486–497. https://doi.

org/10.1037/a0017074

Shirtcliff, E. A., & Essex, M. J. (2008). Concurrent and longitudinal asso-

ciations of basal and diurnal cortisol with mental health symptoms in

early adolescence. Developmental Psychobiology: The Journal of the
International Society for Developmental Psychobiology, 50(7), 690–703.

https://doi.org/10.1002/dev.20336

Skeer, M. R., McCormick, M. C., Normand, S. L. T., Mimiaga, M. J., Buka,

S. L., & Gilman, S. E. (2011). Gender differences in the association

between family conflict and adolescent substance use disorders.

Journal of Adolescent Health, 49(2), 187–192. https://doi.org/10.

1016/j.jadohealth.2010.12.003

Steinberg, L., Icenogle, G., Shulman, E. P., Breiner, K., Chein, J., Bacchini, D.,

Chang, L., Chaudhary, N., Giunta, L. D., Dodge, K. A., Fanti, K. A.,

Lansford, J. E., Malone, P. S., Oburu, P., Pastorelli, C., Skinner, A. T.,

Sorbring, E., Tapanya, S., Tirado, L. M. U., …, & Takash, H. M. S.

(2018). Around the world, adolescence is a time of heightened

sensation seeking and immature self‐regulation. Developmental Sci-
ence, 21(2). https://doi.org/10.1111/desc.12532

Stone, A. L., Becker, L. G., Huber, A. M., & Catalano, R. F. (2012). Review of

risk and protective factors of substance use and problem use in

emerging adulthood. Addictive Behaviors, 37(7), 747–775. https://doi.

org/10.1016/j.addbeh.2012.02.014

Truedsson, E., Fawcett, C., Wesevich, V., Gredebäck, G., & Wåhlstedt, C.

(2019). The role of callous‐unemotional traits on adolescent positive

16 of 17 - RAHAL ET AL.

 15322998, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

i.3420 by U
niversity O

f C
alifornia, L

os, W
iley O

nline L
ibrary on [20/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



and negative emotional reactivity: A longitudinal community‐based

study. Frontiers in Psychology, 10, 573. https://doi.org/10.3389/

fpsyg.2019.00573

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation

of brief measures of positive and negative affect: The PANAS scales.

Journal of Personality and Social Psychology, 54(6), 1063–1070.

https://doi.org/10.1037/0022‐3514.54.6.1063

Weiss, N. H., Bold, K. W., Sullivan, T. P., Armeli, S., & Tennen, H. (2017).

Testing bidirectional associations among emotion regulation stra-

tegies and substance use: A daily diary study. Addiction, 112(4),

695–704. https://doi.org/10.1111/add.13698

Wemm, S. E., & Sinha, R. (2019). Drug‐induced stress responses and

addiction risk and relapse. Neurobiology of Stress, 10, 100148. https://

doi.org/10.1016/j.ynstr.2019.100148

Yip, T., & Fuligni, A. J. (2002). Daily variation in ethnic identity, ethnic

behaviors, and psychological well–being among American adoles-

cents of Chinese descent. Child Development, 73(5), 1557–1572.

https://doi.org/10.1111/1467‐8624.00490

Zuckerman, M. (2007). Sensation seeking & risky behavior. American Psy-

chological Association.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Rahal, D., Bower, J. E., Irwin, M. R., &

Fuligni, A. J. (2024). Associations between emotional

reactivity to stress and adolescent substance use: Differences

by sex and valence. Stress and Health, e3420. https://doi.org/

10.1002/smi.3420

RAHAL ET AL. - 17 of 17

 15322998, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

i.3420 by U
niversity O

f C
alifornia, L

os, W
iley O

nline L
ibrary on [20/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


