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ABSTRACT. Objective: Although stress is a well-known predictor of 
alcohol use lapses among individuals seeking recovery from alcohol use 
disorder (AUD), most research has relied on retrospective self-report 
using conventional questionnaires that explore stress effects at the level 
of the mean. Ecological momentary assessment (EMA) overcomes many 
of the shortcomings of questionnaire-based, retrospective self-report 
by using real-time, in-the-environment evaluations for the acquisition 
of ecologically valid data that can also capture stress variability. The 
present investigation used EMA to disentangle stress effects on alcohol 
lapses among individuals in the first year of an AUD recovery attempt 
by exploring associations between mean-level stress, stress variability, 
and subsequent alcohol use. Method: Participants (N = 42) completed 
6 days of EMA monitoring and were then followed up 90 days later to 

assess alcohol use. Putative associations were explored using hierarchical 
regression controlling for demographic factors and pre-baseline alcohol 
use, with percentage days abstinent from alcohol at follow-up as the 
outcome variable. Results: An interaction effect was observed such that 
the combination of high mean stress level and high stress variability was 
associated with the lowest percentage of days abstinent. For those with 
high mean stress levels, this relationship was attenuated as stress vari-
ability decreased. Conclusions: The findings support previous research 
linking stress to alcohol use lapses; however, these results indicate that 
the stress/alcohol use relationship is more nuanced than previously 
described. Our findings suggest that stress variability should also be 
considered in clinical contexts when assessing risk conferred by mean-
level stress. (J. Stud. Alcohol Drugs, 82, 623–628, 2021)
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SUSTAINING ABSTINENCE from alcohol and, with 
it, remission from alcohol use disorder (AUD) is a 

persistent challenge, even among those with high motiva-
tion to recover (Miller et al., 2001; Moos & Moos, 2006). 
Accordingly, identifying factors that increase AUD relapse 
vulnerability remains an important objective. Stress—a 
state of mental strain and homeostatic perturbation driven 
by demanding circumstances and exacerbated by affective 
vulnerabilities (Folkman, 1986; Sinha, 2001)—has received 
research attention because it is known to drive maladaptive 
behaviors associated with lapses among individuals in AUD 
recovery (Eddie et al., in press; Eddie et al., 2021; Noone et 
al., 1999; Sinha, 2007).
 Although the experience of stress is a well-known predic-
tor of alcohol lapses among individuals overcoming AUD 
(Brady & Sonne, 1999; Sinha, 2007), most research has 
relied on retrospective self-report of stress. A limitation of 
this approach is that it typically requires stress to be reported 

as an average over some pre-determined period. Although 
helpful, this approach lacks granularity and only allows for 
associations between mean-level stress and outcomes. This 
is an important limitation given research shows that affec-
tive variability may be a greater risk factor for both drink-
ing (Jahng et al., 2011) and AUD symptoms (Simons et al., 
2014) compared with overall mean-levels of affect. Thus, 
clarity around the stress/alcohol use relationship has the 
potential to inform more targeted AUD relapse prevention 
efforts.
 Ecological momentary assessment (EMA) overcomes 
many of the shortcomings of retrospective self-report by 
using repeated, real-time, in-the-environment evaluations 
delivered via mobile devices for the acquisition of ecologi-
cally valid data (Ebner-Priemer & Trull, 2009; Shiffman et 
al., 2008; Stone et al., 2007). EMA yields data with high 
temporal sensitivity because the same participants gener-
ate data across multiple time points, either through random 
sampling or event-contingent sampling in which individuals 
record their responses to specific events as they naturally 
arise (Ebner-Priemer et al., 2009). Multiple state assessments 
can be captured and aggregated across time to make reliable 
trait measures of emotional functioning that are not subject 
to retrospective recall biases (e.g., Thomas & Diener, 1990). 
Alternatively, variability indices can be calculated to capture 
state volatility (e.g., Selby et al., 2015). Ultimately, if aggre-
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gate measures of affective states derived from EMA predict 
distal behavior, they would provide important individual-level 
information to inform clinical care (Ram & Gerstorf, 2009).
 Although one study has successfully used EMA to study 
affect in individuals transitioning from inpatient to outpatient 
treatment for substance use disorders (Moore et al., 2014), 
EMA alcohol research has largely focused on drinking be-
haviors in social and at-risk drinkers (Kashdan et al., 2010; 
Morgenstern et al., 2014) and, to a lesser degree, AUD inpa-
tient treatment completers (Lincoln et al., 2011; Litt et al., 
1998) and those in outpatient treatment (Wemm & Sinha, 
2019). This is unfortunate because EMA has tremendous 
potential for testing and refining theoretical models of AUD 
and AUD recovery (Morgenstern et al., 2014; Shiffman, 
2009), and because it is deployed in natura, it has great util-
ity for studying affect in this population.
 To fill this gap in the stress/AUD literature, the present 
study examined associations between perceived stress and 
alcohol use in a sample of individuals in the first year of 
a current AUD recovery attempt who underwent 6 days of 
EMA, and a follow-up at 90 days post-EMA that included 
past-90-day Timeline Followback (TLFB) assessment of al-
cohol use. Both mean-level stress (i.e., average stress across 
the EMA period) and stress variability (mean squared suc-
cessive differences index) were calculated from EMA data. 
We hypothesized that greater EMA-measured, mean-level 
stress would independently predict greater alcohol use over 
90-day follow-up. However, given the paucity of research 
studying the relationship between stress variability and alco-
hol use among individuals in early AUD recovery, this aspect 
of the study was treated as exploratory. We hypothesized that 
mean-level stress and stress variability would interact to pre-
dict alcohol use over follow-up. Specifically, that the combi-
nation of high mean stress and high stress variability would 
predict greater alcohol use over follow-up in comparison to 
high mean stress in combination with low stress variability.

Method

Participants

 Participants were recruited from the greater Boston area 
through internal Mass General Brigham hospital group study 
pool networks, online postings, flyers, handouts, and targeted 
mail to AUD treatment programs, sober homes, medical 
facilities, and local psychology departments. Inclusion cri-
teria were (a) meeting Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5; American Psy-
chiatric Association, 2013), AUD criteria; (b) endorsing a 
current goal of alcohol abstinence; (c) being in the first year 
of a current AUD recovery attempt; and (d) being engaged 
in outpatient treatment for AUD (e.g., partial hospital pro-
grams), mutual-help programs (e.g., Alcoholics Anonymous), 
or individual treatment (e.g., therapist). Because the parent 

study included physiological monitoring, participants were 
required to have 2 weeks of alcohol and other drug absti-
nence before enrolling in the study to minimize the influence 
of physiological withdrawal symptoms.

Procedure

 Study eligibility was determined with a phone screen. 
Eligible participants completed an intake appointment in 
which they completed baseline questionnaire measures and 
were oriented to the EMA application on their smartphone. 
Participants then completed 6 days of EMA monitoring with 
both random and self-initiated EMA surveys. To encourage 
random EMA survey completion, participants were given a 
$30 bonus for completing at least 90% of the surveys. Final-
ly, 90 days following the end of the 6-day EMA monitoring 
period, participants were remotely assessed for past-90-day 
alcohol use. This research was approved by the Mass General 
Brigham Institutional Review Board.

Baseline measures

 Alcohol use disorder severity. Baseline AUD severity was 
measured using the Alcohol Dependence Scale (ADS; Skin-
ner & Horn, 1984). Scores on the ADS range from 0 to 47.
 Percentage days abstinent (PDA). TLFB (Sobell & Sobell, 
1992) was used to record the number of standard alcoholic 
drinks consumed over the past 30 days before study intake. 
Baseline PDA was calculated as the percentage of abstinent 
days in the past 30 days.

EMA measures

 Stress. Perceived stress was measured with a combina-
tion of random surveys and self-initiated surveys using the 
MetricWire EMA smartphone application (MetricWire, 
2016). Participants were instructed to report their feelings 
of stress using a scale ranging from 0 (no stress) to 10 (ex-
treme stress). Prompts cued participants to complete surveys 
three times randomly within 3-hour blocks each day (e.g., 
10 A.M.–1 P.M.). Participants were instructed to self-initiate 
a survey in moments when they felt high levels of stress, 
alcohol craving, or felt at risk for alcohol use. Mean stress 
and stress variability were derived from these data. Stress 
variability was measured using the mean squared succes-
sive difference index, calculated as the sum of differences 
between consecutive observations squared, then dividing the 
mean of that sum by two (Von Neumann et al., 1941).

Follow-up measures

 Drinking goal over follow-up. At the 90-day follow-up, 
participants were asked to describe their alcohol use goal 
over the majority of the follow-up period. Participants 
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chose from the following options: total abstinence, modera-
tion, no drinking goal, which were dummy coded as 0, 1, 2 
respectively.
 Follow-up percentage days abstinent. TLFB (Sobell & 
Sobell, 1992) was also used to record the number of standard 
alcoholic drinks over the 90 days following the end of the 
6-day EMA monitoring period. The 90-day follow-up was 
conducted using online forms and, if participants felt they 
needed additional guidance with the TLFB, a concurrent 
phone call. Research has shown that the TLFB provides ac-
curate measurements of alcohol consumption over the phone 
and online (Pedersen et al., 2012; Sobell & Sobell, 1992). 
Follow-up PDA was calculated as the percentage of days, in 
the past 90 days, in which no alcohol was consumed.

Results

 The sample (N = 42) was 61.90% male and ranged from 
ages 18 to 65 (M = 41.59, SD = 12.60). Participants were 
73.81% White/European American, 19.05% Black/African 
American, 4.76% Asian, and 2.38% other race/mixed race. 
In addition, participants had a mean of 84.71 (SD = 99.50) 
days since their last drink at baseline. Three participants 
were lost to follow-up.

Descriptive statistics

 Descriptive statistics and variable correlations are pre-
sented in Table 1. Participants’ mean ADS score was 24.2 
(SD = 8.8), indicative of a “substantial level of alcohol 
dependence” (Skinner & Horn, 1984). The sample had on 
average 87.78 PDA (SD = 18.5) over the 30 days immedi-
ately preceding study enrollment. On average, participants 
completed 16.3 of 18 random EMA surveys (90.60%) and 
5.5 self-initiated EMA surveys over the 6-day monitoring 
period. Over the 90-day follow-up period, participants aver-
aged 88.91 (SD = 20.50) percentage days abstinent, with 
84.62% endorsing a goal of alcohol abstinence over the 
follow-up period, and 15.38% endorsing a goal of alcohol 
use moderation. As expected, PDA at baseline and during 
the follow-up exhibited a strong positive association (r = 

.62, p < .001). Higher PDA at baseline was associated with 
lower stress levels (r = -.32, p = .049). Age was inversely 
associated with both overall stress level (r = -.45, p = .004) 
and stress variability (r = -.43, p = .007), such that younger 
individuals exhibited greater stress and stress variability.

Regression analyses

 To test the effects of mean stress and stress variability, 
as well as their potential synergistic effect on subsequent 
alcohol use, we estimated a set of hierarchical linear regres-
sion models in Stata 15 (StataCorp LP, College Station, 
TX). In these models, predictors were mean centered, and 
robust standard errors were calculated using Huber-White 
sandwich estimators to accommodate for heteroscedasticity 
(Croux et al., 2004). First, we estimated a main-effect-only 
model of focal variables and hypothesized covariates (i.e., 
sex, baseline drinking) predicting follow-up PDA, F(6, 32) 
= 13.88, p < .001, R2 = .77. As shown in Table 2, greater age 
and endorsing a moderation goal over the follow-up period 
were both associated with less follow-up PDA. In contrast, 
baseline PDA was positively associated with follow-up PDA. 
No other predictors were significant (ps > .05).
 Next, a Mean Stress × Stress Variability interaction was 
added. This was a significant addition to the model, F(1, 31) = 
4.50, p = .042, DR2 = .04. As depicted in Figure 1, the simple 
slopes revealed that mean stress had a conditional effect on 

TABle 1. Descriptive statistics and correlation matrix

Variable M SD 1. 2. 3. 4. 5. 6.

1. Sex
2. Age 41.59 12.60 -.24
3. Drinking goal 0.15 0.37 -.05 .003
4. Baseline PDA 87.78 18.89 -.31 .07 -.31
5. Follow-up PDA 88.91 20.50 -.14 -.10 -.73*** .62***
6. Stress variability 5.94 3.22 .07 -.43** -.18 .08 .04
7. Stress level 3.36 2.08 .12 -.45** -.17 -.32* -.24 .25

Notes: Analyses included n = 39, sex (1 = men, 2 = women); drinking goal = drinking goal over 90-day follow-up period (0 = abstinence, 1 
= moderation); PDA = percentage days abstinent; stress variability = mean squared successive difference scores; stress level = person-mean 
aggregate.
*p < .05; **p < .01; ***p < .001.

TABle 2. Final regression model of percentage days abstinent

 Robust
Variable β SE p

Sex 0.08 3.11 .305
Age -0.27 0.17 .013
Drinking goal -0.56 7.41 <.001
Baseline PDA 0.42 0.13 .001
Stress variability -0.17 0.56 .060
Stress level -0.09 0.88 .980
Stress Variability × Stress Level -0.20 0.28 .042

Notes: n = 39; sex (1 = men, 2 = women); drinking goal = drinking goal 
over 90-day follow-up period (0 = abstinence, 1 = moderation); β = 
standardized beta coefficient; PDA = percentage days abstinent; stress 
variability = mean squared successive difference scores; stress level = 
person-mean aggregate.
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FiGure 1. Simple slopes analysis of Mean Stress × Stress Variability interaction on percentage of days abstinent at mean and +/– 1 SD in the 
stress variability.

the follow-up period PDA. As expected, at high levels of 
stress variability (+1 SD above the mean), mean stress was 
associated with less PDA, and this effect was attenuated as 
stress variability decreased (M, -1 SD below the mean). The 
final model estimates were, F(7, 31) = 14.27, p < .001, R2 = 
.81.

Discussion

 Existing literature links stress to alcohol use among indi-
viduals seeking recovery from AUD (Brady & Sonne, 1999; 
Sinha, 2007). The present investigation sought to extend 
work that has largely relied on conventional retrospective 
self-report of mean-level stress by monitoring real-time 
perceived stress using EMA, and testing for the individual 
effects of mean-level stress, stress variability, and their in-
teractive effects on subsequent alcohol use. Although main 
effects of mean stress and stress variability on alcohol use 
were not observed, a synergistic effect was found, such that 
the combination of greater mean-level stress with greater 
stress variability during the EMA monitoring period was as-

sociated with greater alcohol use over a subsequent 90-day 
follow-up period, after controlling for demographic factors 
and participants’ alcohol use goal.
 Relapse prevention interventions have long emphasized 
the importance of stress monitoring and effective stress man-
agement. These findings support previous research linking 
stress to alcohol lapses (Wemm & Sinha, 2019). However, 
our results suggest that this relationship is more nuanced 
than previously described.
 These findings indicate that the interaction between 
mean stress level and stress variability confers greatest 
risk. Specifically, those with a high level of mean stress and 
high stress variability exhibited the greatest proportion of 
drinking days, and this relationship was attenuated as stress 
variability decreased. In fact, those with a high mean stress 
and low stress variability combination appeared to drink the 
least over the follow-up period. Interestingly, those with low 
levels of mean stress and low stress variability also exhibited 
a low proportion of days abstinent, and this was attenuated 
as stress variability increased. Further, for those with scores 
close to the sample mean of stress variability, mean stress 
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level appeared to have no effect on drinking, suggesting that 
stress variability is an important determinant of subsequent 
alcohol use in this sample. The exact reasons for this pattern 
of results are unknown. Future research would benefit from 
attempts to isolate the exact mechanisms at play here.
 Although the observed pattern of results is complex and 
varies across mean levels of stress, these findings highlight 
the significant role of affective variability in the development 
and maintenance of AUD (Simons et al., 2014). Affect vari-
ability is considered an individual difference characteristic 
with clear importance for predicting behavioral outcomes 
(Eid & Diener, 1999; Kuppens et al., 2007; Larsen, 1987). 
In alcohol research, it is suggested that frequent and intense 
shifts in affect strengthen the associations between affective 
arousal and drinking that are conditioned over time through 
repeated pairings (Gottfredson & Hussong, 2013; Simons 
et al., 2014). In addition, rapid spikes in emotional arousal 
can impair deliberative control mechanisms and increase 
reflexive automatic processes, such as attentional bias (Baker 
et al., 2004; Lieberman, 2007; McCarthy et al., 2010). As 
a result, variable emotion sets the stage for drinking that is 
compulsive and poorly controlled, a hallmark characteris-
tic of AUD. This is, in part, because of alcohol’s ability to 
dampen physiological and subjective stress reactivity (Buck-
man et al., 2015; Greeley & Oei, 1999; Sher et al., 2007). 
Thus, it makes sense that individuals with both high levels 
of stress and stress variability would be a greatest risk, and 
that as variability is reduced, so is risk, such that average or 
lower levels of stress variability confer little risk and in fact 
might be beneficial.
 What is less clear is how low stress and low variabil-
ity combine to confer risk. It is possible that this reflects 
alexithymia (de Haan et al., 2014) or blunted stress reactiv-
ity (Lovallo et al., 2019). Despite this, these findings are in 
line with research underscoring the functional role of stress 
(Keeley et al., 2008) and suggest that a certain amount of 
stress may not be detrimental to AUD recovery success. With 
regard to clinical practice, this suggests clinicians treating 
AUD and mobile health recovery support tools that use 
ambulatory monitoring of affect should track stress variabil-
ity in addition to mean stress levels. Individuals with high 
mean-level stress in combination with high stress variability 
may be at greatest risk for return to alcohol use and could 
potentially benefit most from stress management approaches.
 Despite numerous strengths, several limitations in this 
study should be discussed. First, a subset of participants (n = 
6) changed their goal from abstinence to moderation over the 
90-day follow-up period, which was associated with greater 
drinking over follow-up. Although statistically controlled 
for, this could have influenced the results in unknown ways. 
In addition, the sample was small, which limited the ability 
to test more complex models. Last, the EMA protocol was 
relatively short. Replication over longer sampling periods 
would be beneficial.

Conclusion and future directions

 This is the first study to examine the conditional effects 
of mean stress and stress variability on alcohol use among 
individuals seeking recovery from AUD. Results support 
previous research linking stress to alcohol use lapses; how-
ever, the present findings indicate that the stress/alcohol 
use relationship is more nuanced than previously described. 
These findings suggest that stress variability should also be 
considered in clinical contexts when assessing risk conferred 
by mean-level stress.
 Future research would benefit from inclusion of this in-
teraction when studying the effects of stress on behavioral 
health outcomes. In addition, because direct effects of daily 
stress on substance use can be nuanced (Burgess-Hull & 
Epstein, 2021; Wemm & Sinha, 2019), future studies should 
explore stress effects on day-level substance use while ex-
ploring potential mediators like craving.
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