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Do negative feelings in general trigger addictive behavior, or do
specific emotions play a stronger role? Testing these alternative
accounts of emotion and decision making, we drew on the
Appraisal Tendency Framework to predict that sadness, specifically, rather than negative mood, generally, would 1) increase
craving, impatience, and actual addictive substance use and 2) do
so through mechanisms selectively heightened by sadness. Using a
nationally representative, longitudinal survey, study 1 (n = 10,685)
revealed that sadness, but not other negative emotions (i.e., fear,
anger, shame), reliably predicted current smoking as well as relapsing 20 years later. Study 2 (n = 425) used an experimental
design, and found further support for emotion specificity: Sadness, but not disgust, increased self-reported craving relative to
a neutral state. Studies 3 and 4 (n = 918) introduced choice behavior as outcome variables, revealing that sadness causally increased
impatience for cigarette puffs. Moreover, study 4 revealed that
the effect of sadness on impatience was more fully explained by
concomitant appraisals of self-focus, which are specific to sadness,
than by concomitant appraisals of negative valence, which are
general to all negative emotions. Importantly, study 4 also examined the topography of actual smoking behavior, finding that experimentally induced sadness (as compared to neutral emotion)
causally increased the volume and duration of cigarette puffs inhaled. Together, the present studies provide support for a more
nuanced model regarding the effects of emotion on tobacco use,
in particular, as well as on addictive behavior, in general.
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Valence-based models emphasize generalized affect (e.g., ref.
18) and would predict that 1) all—or nearly all—negative emotions have approximately equivalent relationships with substance
use, and 2) any given negative emotion state (e.g., sadness) should
increase substance use behaviors primarily because of the emotion’s underlying negative valence.
In contrast, emotion-specific models, such as the Appraisal
Tendency Framework (ATF) (19, 20) emphasize the importance
of distinguishing a broader array of cognitive appraisal dimensions than just valence. Cognitive appraisals (i.e., the way people
interpret and make sense of their environments) (10) persist
throughout the experience of an emotion. Such emotion-related
appraisal tendencies, in turn, define how specific emotions color
subsequent choices by prioritizing specific concerns. The ATF
would hypothesize that 1) only a subset of negative emotions should
predict substance use and 2) negative valence (i.e., unpleasantness)
is 1 of multiple cognitive appraisal dimensions that might mediate
an emotion’s effect on substance use. In sum, the ATF aims to add
predictive power by hypothesizing that the conceptual match between the cognitive appraisals of the specific emotion and the
target decision, as opposed to the valence of the emotion alone,
determines the effect of the emotion on the target choice.
Sadness and Reward Seeking. Sadness typically arises from experiences of irrevocable loss (21). Such losses may occur in a wide
range of domains, including relationships (e.g., loss of a loved one),
material possessions (e.g., loss of a home), or social/occupational
roles (e.g., loss of a job). In turn, sadness implicitly prioritizes
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cholarly papers examining the ways in which emotion influences decision making have more than doubled in recent
years (for reviews, see refs. 1–4). One key insight emerging from
this corpus is the value of linking specific emotions (as opposed
to global positive/negative moods) to specific choice outcomes in
order to increase predictive power and precision in decision
models (for reviews, see refs. 1, 2, and 5–13).
Yet at least 1 gap remains, despite its potential theoretical and
practical import. Research has not yet systematically examined
the influence of specific emotions on harmful health decisions,
generally, and addictive substance-use decisions, specifically (for
reviews, see refs. 14–17). Indeed, influential models of substanceuse behavior have long concluded that undifferentiated “negative
affect is the prototypic setting event for drug use and relapse in the
addicted drug user” (18). Whether such undifferentiated negative
affect provides the best model has not been systematically tested.
A metaanalysis by Heckman et al. (15), which included all experiments examining the effect of affective manipulations on
cigarette cravings, concluded that extant research “could not delineate the influence of . . . discrete aversive emotions (e.g., disgust, shame) upon smoking motivation, as all but one of the
negative affect manipulations . . . were nonspecific” (15).

The epidemic of deaths attributable to addictive substances,
including tobacco, highlights the need to better understand ways
in which emotions drive substance craving and consumption. In a
test of alternative theories of emotion and decision making, we
found that sadness, specifically, rather than negative mood,
generally, increased addictive substance use. In a nationally representative, longitudinal sample, sadness—but not other negative emotions—reliably predicted current smoking and relapse
20 y later. In laboratory experiments with real smokers, sadness
increased both impatience for cigarette puffs and actual volume
of puffs taken. Results provide not only theoretical implications
but also policy implications for the design of antismoking public
service announcements, which could unintentionally increase
cigarette cravings among smokers if they trigger sadness.
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Theoretical Aims. The present paper aims to examine whether a

valence-based model versus an emotion-specific model best
predicts decision making for addictive substance use outcomes.
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choices that replace loss (i.e., provide rewards) over choices that
reduce uncertainty (21). Indeed, research reveals that sadness,
more than other negative emotions, tends to trigger rewardseeking behavior (21–23). Importantly, some negative emotions
do not appear to trigger reward seeking at all. Sadness, but not
disgust, increases how much decision makers are willing to pay in
order to acquire goods (23, 24) and increases impatience for financial rewards (i.e., individuals in a sad state choose immediate,
smaller sums rather than waiting for later, larger sums) (25).
Attentional focus. Studies have yet to comprehensively identify the
mechanisms linking sadness to reward seeking. Initial evidence,
however, highlights a key (likely nonconscious) role for the appraisal
dimension of attentional focus. In addition to evidence linking depression to self-focus (26), multiple studies have found that sadness
(but not other negative emotions, such as anger) triggers heightened
attentional focus on the self (27–29). Such self-focus can activate
brain regions associated with reward-related processing (30) and also
mediate the effect of sadness on reward seeking (31). Indeed, prior
research found that the more decision makers in a sad state focused
on themselves, the more they subsequently spent on consumer goods
(31). Thus, sadness, which arises from irrevocable loss, may have
especially strong associations with reward seeking, generally, and
substance use, specifically. Moreover, this association may be mediated in part by concomitant attentional focus (dwelling) on the self.
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The Present Research. The present studies examined reward seeking
in the form of cigarette smoking. We chose smoking as the key
behavioral outcome for 3 reasons. First, smoking remains the
leading cause of preventable death in the United States (32).
Second, the United States government spends over $500 million
annually on antismoking campaigns (33). Third, given its legal
standing, smoking is 1 of the few addictive behaviors that is ethically feasible to investigate in controlled laboratory settings.
Study overview. Study 1 tested whether sadness—but not every
negative emotion—would correlate with smoking behavior in a
nationally representative, longitudinal sample across 20 y of data
collection. Study 2 tested whether sadness, but not another negative
emotion, would increase self-reported craving for cigarettes among
smokers as compared to a neutral state. Study 3 and its independent
replication developed a novel behavioral–economic paradigm to
assess the causal effects of sadness on smokers’ impatience for hypothetical cigarette puffs. Finally, in a laboratory study with (biochemically verified) abstinent smokers, study 4 examined whether
sadness would increase impatient choices for real smoking reward
because of its negative valence, because of emotion-specific appraisals (e.g., self-focus), or both. It also assessed the causal effects
of sadness on the volume, velocity, and duration of cigarette puffing,
indices of appetitive smoking behavior. Thus, the studies harnessed
the respective benefits of field data, longitudinal design, behavioral–
economic experimental design, and bio-behavioral assessments.
Open science statement. In keeping with guidelines for open science
(34), we report in each study how we determined our sample
size, all manipulations, and all measures. For each experiment,
we sought to obtain 80% power for detecting small to medium
effect sizes. Data and code for all studies are available at https://
osf.io/x4aes/?view_only=b55c4099c74c49cc96a92edd371e5857. In
addition, preregistrations and materials are available for all
experimental studies.
To take the most conservative approach, all analyses reported
in the main text were conducted on full samples with no participants excluded. Results with exclusions revealed the same general
pattern of effects and are available in the SI Appendix.

(MIDUS) survey, collected across 2 decades from 1995 to 2014
(collective n = 10,685).*
Results and Discussion. Consistent with the ATF prediction that
sadness is positively associated with smoking status, sadness significantly predicted self-reported smoking status even after controlling
for other negative emotions (bs = 0.23, 0.29, 0.51; all zs > 2.50; all
Ps ≤ 0.01). No other emotion significantly predicted smoking status
in more than a single wave, with average βs comparatively small in
combined-samples analyses (fear: 0.12; anger: 0.14; shame: 0.02).
The result held after controlling for income, age, and gender (Fig. 1).
Full details for all regressions, including a second measure of
effect size (odds-ratio), are available in SI Appendix.
While the foregoing results documented emotion specificity,
they represented associations observed in a cross-sectional design.
Taking advantage of the longitudinal design, we sought to examine
the relationship between sadness and smoking across time.
Even after controlling for demographic factors (gender, age,
socioeconomic status [SES]) at time 1, sadness reported at time 1
among nonsmokers predicted smoking 10 y (b = 0.35, P = 0.002)
and 20 y (b = 0.36, P = 0.030) later. Given that the large majority
of lifelong smokers begin smoking before the age of 18, it is not
surprising that sadness at time 1 predicted subsequent relapse
among former smokers (i.e., individuals who had smoked previously but not currently) 10 (b = 0.43, P = 0.001) and 20 (b = 0.39,
P = 0.032) y later, but did not predict initiation 10 or 20 y later by
individuals who had never smoked previously (Ps > 0.17).
Summary.† Consistent with emotion-specific models, study 1 found

that sadness yielded a stronger association with smoking status
than other negative emotions and that this relationship held independently from demographic variables. Additionally, sadness
was associated with relapse (but not initiation of smoking) both
10 and 20 y later.
Despite its longitudinal design, however, study 1 did not allow
for causal tests. It could be that a third variable, such as negative
life events, drives variation in both sadness and smoking. The
question remains, therefore, whether sadness, but not all negative
moods, exerts causal effects on smoking behavior.
Study 2
Overview. In study 2, we sought to test whether sadness, but not
another negative emotion, would causally increase craving for
cigarettes. We predicted that whereas sadness would increase
self-reported craving as compared to a neutral state, disgust
would not do so. We recruited 425 smokers from the online datacollection platform Prolific (35), which provided 80% power to
detect effect sizes of d > 0.35. We randomly assigned smokers to
1 of 3 emotion-induction conditions: Sadness, disgust, or neutral.
We chose disgust as a control negative emotion because it triggers a desire to expel (e.g., ref. 23) and, if anything, should reduce craving. Drawing directly on prior research (e.g., refs. 23,
25, and 31), the emotion inductions used a 2-part procedure
that involved watching a film clip and completing a writing task.
Participants in the sadness condition watched a clip from a movie
entitled Up (in which a man loses his life partner) and then wrote
about a time they themselves had experienced significant loss.
Participants in the disgust condition watched a clip from a
movie entitled Trainspotting (in which a man uses an unsanitary
toilet) and then wrote about an unsanitary experience in their
own life. Participants in the neutral condition watched a clip

Study 1
Overview. In study 1, we sought to test whether sadness, but not

all negative emotions, would be associated with smoking status in
a nationally representative, longitudinal sample. To do so, we
examined field data from the Midlife in the United States
2 of 7 | www.pnas.org/cgi/doi/10.1073/pnas.1909888116

*See SI Appendix for details on the nationally representative characteristics of these
datasets and analytic procedure to identify smokers.
†

The same pattern of results held when we reran all analyses with only the subsample of
nondepressed respondents and when we controlled for other psychologically related
variables (see SI Appendix for details).
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about wooden furniture making and then wrote about their work
environment. Both before and after the emotion induction, we
measured craving using 3 self-report questions adapted from the
Brief Questionnaire on Smoking Urges (36), which included
face-valid questions regarding current craving for cigarettes (e.g.,
“I want a cigarette right now”).
Results and Discussion. In this and all following experiments, the
emotion manipulations were effective in both magnitude and
specificity. We report full results in SI Appendix.
We next turned to our primary hypothesis: Whether sadness,
but not disgust, had a causal effect on craving for cigarettes. We
preregistered to test 3 pairwise contrasts using ANCOVA, in
which the dependent variable was craving after the emotion induction, the independent variable was condition, and a covariate
was included for craving measured before the emotion induction.
As predicted, we found evidence that sadness increased craving
as compared to a neutral state (b = 0.58, SE = 0.21, t = 2.82, P =
0.005, d = 0.29). We found directional, but not statistically significant, evidence that disgust decreased craving as compared to
a neutral state (b = −0.35, SE = 0.22, t = −1.56, P = 0.12, d =
−0.09). Finally, we found evidence that sadness significantly increased craving as compared to disgust (b = 0.96, SE = 0.25, t =
3.84, P < 0.001, d = 0.35). The statistical significance of all 3
pairwise contrasts remain unchanged after accounting for multiple hypothesis testing.
Summary. Consistent with predictions, sadness, but not disgust,

exerted a causal effect on increased craving for cigarettes. If anything, disgust exerted an opposite effect. We designed study 3 to
test whether sadness would increase desire for immediate rewards
at the expense of larger, later rewards.
Study 3
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Overview. In study 3 and an independent replication, we sought

to test the causal effect of sadness on smokers’ self-reported
desire for cigarette puffs across time. We predicted that smokers
in the sadness condition would be more impatient for smoking rewards than would smokers in the neutral condition. We
recruited 398 (study 3) and 362 smokers (study 3 replication) from
Amazon’s Mechanical Turk, which provided 80% power to detect
effect sizes of approximately d = 0.30 (the effect size observed in
study 2). We randomly assigned smokers to either a sadness- or
Dorison et al.

a neutral-emotion induction condition. The emotion inductions
were the same as those used in study 2.
After the emotion induction, we measured desire for cigarette
puffs by adapting behavioral economic-based paradigms for reward
impatience (e.g., ref. 37; for a review, see ref. 38; on addictive
substances, see: ref. 39; see also ref. 40). Participants (all current
smokers) received a series of hypothetical choices between whether
to smoke sooner but with fewer puffs, or later but with more puffs.
Participants chose between different numbers of puffs on a cigarette at various delays, ranging from immediately to 30 min (e.g.,
“Would you prefer 2 puffs now or 5 puffs in 20 minutes?”).
Traditional choice tasks involving tradeoffs between monetary
rewards arriving at different times have been criticized as not
directly measuring impatience (because money, like cigarettes, is
fungible across time and needn’t be spent/consumed when received) (38–40; see also refs. 41–43). The present paradigm
addressed this limitation by measuring preferences over the timing
of consumption itself (i.e., puffs).
Results and Discussion. As predicted, smokers in the sadness
condition showed greater impatience for hypothetical cigarette
puffs than did smokers in the neutral condition (b = 0.43, SE =
0.18, t = 2.42, P = 0.016, d = 0.19; SEs adjusted for repeated
measures in this and all subsequent analyses of impatient
choices). To test for robustness, we ran a replication study, which
showed nearly identical results (b = 0.32, SE = 0.18, t = 1.80, P =
0.073, d = 0.15). Combined-sample analyses of study 3 and its
replication provide strong evidence for a causal effect of sadness
on impatient choices (b = 0.38, SE = 0.13, t = 3.00, P = 0.003,
d = 0.17).
We hypothesized that the effect of sadness on impatience
would wane when 1) there was no immediate reward present or
2) participants had not abstained from smoking for very long
(i.e., under 4 h). Contrary to predictions, the sadness effect was
robust to these specifications: Indeed, none of the variables we
tested (i.e., availability of an immediate option, duration since
last time smoking, depression, nicotine dependence, household
income) consistently moderated the effect of sadness on impatient choices. The SI Appendix provides greater detail.
To assess the size of the sadness effect, we calculated a required rate of return (RRR). The RRR indicated the average
increase in number of puffs per minute smokers required to wait
for a delayed reward, where higher numbers indicated higher
PNAS Latest Articles | 3 of 7
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Fig. 1. Across a longitudinal, population-based dataset, only sadness reliably predicted smoking status. The x axis displays the self-reported trait emotions
measured in each dataset. The y axis displays the unstandardized beta in simultaneous regressions with smoking status as the dependent variable after
controlling for age, gender, and SES. Smoking status was defined by self-reported daily smoking. Error bars represent 1 SE. *P < 0.05.

levels of impatience (for detail, see SI Appendix). Smokers in the
neutral condition had an RRR of 6.9%, indicating that (on average) they required an increase in puffs of 6.9% per minute to
wait for a delayed reward. Smokers in the sadness condition were
more impatient: They had an RRR of 8.1%, indicating an 18%
increase from smokers in the neutral control. Thus, sadness
steepened their discount rate for cigarette puffs, as sadness has
been shown to steepen discount rates for monetary reward (25).
Summary. Whereas study 2 examined craving in the present, study
3 (and its replication) provided evidence for the causal effect of
sadness on smokers’ impatience for cigarette puffs over time. Although studies 2 and 3 offer causal leverage, their respective results
may be limited by the hypothetical nature of the puffs participants
evaluated and their lack of control over how much time had
elapsed since each participant last smoked when they completed
the study. We designed study 4 to overcome these limitations.

Study 4
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Overview. Study 4 examined whether the effect of sadness on
impatient choices would replicate with real cigarette puffs and
with bio-chemically verified abstinence from smoking. Study 4
also examined whether the underlying mechanisms driving the
effect of sadness on impatient choices were specific to sadness,
general to negative valence, or a combination of both. We predicted 1) that smokers in the sadness condition would be more
impatient for smoking reward than would smokers in the neutral
condition and 2) that this difference would be driven by underlying
appraisal tendencies other than negative valence. Additionally, we
measured actual smoking behavior and predicted 3) that smokers
in the sadness condition would puff more intensively than would
smokers in the neutral condition.
We recruited 158 smokers from a community sample, which
provided 80% power to detect effect sizes of d > 0.45. Costs and
facility constraints associated with studying actual smoking behavior precluded us from collecting a larger sample of 200
smokers, which we initially preregistered. We did not analyze any
results before terminating data collection. We hypothesized that
effect sizes might be larger in this study due to the real (instead
of hypothetical) nature of the choices at hand. As in study 3, we
randomly assigned smokers to either a sadness- or neutralemotion induction condition. The emotion inductions were the
same as those used in prior studies.
After the emotion induction, we measured desire for cigarette
puffs using the same impatience measure as study 3. In order to
unconfound a desire to leave the study early, participants were
told that their choices would not influence the time spent in the
study (and were quizzed on this detail). After they made these
choices, we implemented 1 of the choices, according to a probabilistic formula, and measured a key outcome of interest: Participants’ actual smoking behavior. Finally, participants filled out
a set of questionnaires measuring underlying appraisal tendencies (described in greater detail below), the manipulation check,
and a variety of exploratory and demographic measures.
Results and Discussion. As expected, due to the 8-h abstinence
requirement, participants entered our study with a high level of
baseline craving. Participants in the control condition were significantly more impatient in study 4 (mean = 4.27) than in study
3 (mean = 3.10; b = 1.17, SE = 0.25, t = 4.79, P < 0.001, d = 0.50)
or its replication (mean = 3.21; b = 1.06, SE = 0.25, t = 4.23, P <
0.001, d = 0.45). This resulted in high levels of response censoring (44): Overall, 35.52% of participants demonstrated levels
of impatience at the top of our scale (i.e., always preferred the
immediate option). In line with our preregistration, we used tobit
regression to account for this high level of censoring.
We next turned to whether sadness had a causal effect on
impatient choices for real cigarette puffs. Smokers in the sadness
4 of 7 | www.pnas.org/cgi/doi/10.1073/pnas.1909888116

condition showed marginally greater impatience for real cigarette puffs than did smokers in the neutral condition (b = 1.54,
SE = 0.90, t = 1.70, P = 0.088, d = 0.53). Combined-sample
analyses of the 3 datasets (study 3, study 3 replication, study 4)
again provided strong evidence for an effect of sadness on impatient choices (b = 0.41, SE = 0.12, t = 3.39, P < 0.001,
d = 0.17).
For robustness, we also conducted an exploratory set of
Bayesian analyses.‡ We used Bayesian parameter estimation to
assess whether data from study 4 strengthened the evidence from
prior studies (45, 46). We found this to be the case: The estimated probability of the effect of sadness on impatience being
larger than the region of practical equivalence to the null value
increased from 88% (after study 3 and its replication) to 91%
(after including study 4). The SI Appendix provides full details.
As in study 3, the effect of sadness on impatience was again
robust to potential boundary conditions we had originally hypothesized and preregistered. We did not find a significant interaction between the sadness condition and depression, nicotine
dependence, or SES.
Turning to underlying mechanisms, we examined whether increases in sadness drove impatient choices because of an appraisal
dimension of negativity, an appraisal dimension specific to sadness,
or both. Consistent with a valence-based model, sadness could
drive impatient choices solely due to its negative valence. Or,
consistent with an emotion-specific model, negative valence could
be 1 of multiple cognitive appraisal dimensions that could explain
the effect of sadness on impatient choices. We tested 2 such
sadness-specific appraisal dimensions: Self-focus and sense of loss.
To test whether changes in sadness drove impatient choices
through negativity, self-focus, perceptions of loss, or some combination of the 3, we fit a structural equation model using the
lavaan package in R (47). The results of the structural equation
model are depicted in Fig. 2. Smokers in the sadness condition
showed significantly greater increases in sadness (postsadness –
presadness) than smokers in the control condition. Changes in
sadness significantly triggered all 3 appraisal dimensions: Selffocus, negativity, and sense of loss (zs > 4.15, Ps < 0.001, βs >
0.32). However, while self-focus in turn predicted impatient
choices (z = 2.60, P = 0.009, β = 0.22), neither sense of loss (z =
0.91, P = 0.363, β = 0.08) nor generalized negativity (z = −1.46,
P = 0.142, β = −0.13) was significantly correlated with impatience.
This resulted in a significant indirect path through sadness and
self-focus (z = 2.17, P = 0.030, β = 0.04), but not through sadness
and negative valence or through sadness and perception of loss
(Ps > 0.15). Thus, consistent with prior studies (31) and our hypotheses, self-focus appeared to be the most important pathway
through which sadness increases appetitive behavior.
As valuable as behavioral–economic measures of impatience
may be for modeling choice behavior, it remained crucial to test
whether one could obtain converging evidence from other methodologies. While impatient choices were our primary preregistered outcome variable, in a final set of analyses we sought to
address the effect of sadness on actual smoking behavior. Because emotion is expected to decay over time (e.g., ref. 48; for
review, see ref. 6) and to cease influencing choices once decision
makers engage in extensive evaluation of their feelings (49), we
used only the sample that received immediate puffs (n = 75
unique participants across 233 puffs) and not those that completed the 14-item emotion induction manipulation check during
the waiting period.
We tested the effect of sadness on 3 indices of smoking intensity—puff volume, velocity, and duration—in which puff
volume equaled the product of puff velocity and duration. We
‡

We thank an anonymous reviewer for this suggestion, as well as Uri Simonsohn and
Steve Worthington for statistical consultation.
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found that smokers in the sadness condition inhaled 30% greater
volume per puff than did smokers in the neutral condition (Fig.
3) (meansad = 62.80 mL vs. meanneutral = 48.69 mL) and that this
difference was statistically significant (b = 14.09, SE = 5.69, t =
2.48, P = 0.016, d = 0.39). This difference in total puff volume
was explained by smokers in the sadness condition (vs. neutral
condition) taking puffs of greater duration (meansad = 2.40 s vs.
meanneutral = 1.94 s, b = 0.43, SE = 0.21, t = 2.04, P = 0.045, d =
0.30) rather than at a greater velocity of smoke intake (meansad =
27.20 mL/s vs. meanneutral = 25.86 mL/s, b = 1.51, SE = 1.66, t =
0.91, P = 0.367, d = 0.17).
Cautionary Notes. A few cautionary points regarding interpreta-

Summary. Study 4 found evidence that sadness increased impatient

choices for cigarette puffs through the emotion-specific pathway of
self-focus. Importantly, study 4 also provided converging evidence
from bio-behavioral measures that the causal effect of sadness
extended from impatient choices to actual smoking behavior.
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General Discussion
The present studies provide evidence for an emotion-specific,
rather than valence-general, model of decision making for addictive substance use. Specifically, study 1 revealed that, across a
longitudinal, nationally representative dataset, only sadness (and
not other negative emotions) reliably predicted current smoking
status. This association between sadness and smoking held after
controlling for demographic factors and predicted relapse up to
20 y later. Study 2 demonstrated that sadness, but not disgust,
causally increased self-reported craving for cigarettes relative to
a neutral state. Studies 3 and 4 demonstrated that sadness causally
increased impatient choices for both hypothetical and real cigarette puffs. In addition, consistent with prior studies guided by
the ATF (19, 20), study 4 revealed that the effect of sadness on
impatient choices was more fully explained by concomitant appraisals of self-focus than by concomitant appraisals of negative
valence. Finally, study 4 revealed that sadness increased the
volume of cigarette puffs by increasing puff duration rather than
increasing puff velocity.
The present results advance the respective fields of emotion
science, addiction science, and behavioral economics in multiple
ways. First, while the majority of previous studies have focused

Fig. 2. Individuals randomly assigned to the sadness (vs. neutral) condition
experienced greater state sadness, which in turn predicted impatient choices
for cigarette puffs via enhanced self-focus. Numbers indicate standardized
betas. Solid lines indicate significant paths. Dashed lines indicate nonsignificant paths. **P < 0.01, ***P < 0.001.

Dorison et al.

Fig. 3. Participants randomly assigned to the sadness condition inhaled
30% greater volume (mL) per puff than did participants in the neutral
condition. Error bars represent 1 SE at the participant level.

on the role of undifferentiated negative affect in addictive substance use (for reviews, see refs. 15–17; see also ref. 50), the
present results document the specific effect of sadness on reward
seeking for an addictive substance (see also related work on fear
in ref. 51). In addition, the present results extend the ATF (19,
20) to addictive substances.
Second, the present results add empirical content to process
predictions from the ATF. Specifically, they replicate and
extend understanding of underlying pathways linking sadness
to decision behavior: Namely, the role of attentional focus.
Previous work has found that sadness, but not all other negative emotions, triggers heightened attentional focus on the
self (26–29). Additionally, Cryder et al. (31) documented that
self-focus mediates the effect of sadness on financial spending.
The present work draws on this existing literature to find that
self-focus also mediates the effect of sadness on impatience
for addictive substance use and does so more than other potential pathways. Identifying the process through which
heightened self-focus triggers reward seeking, and interventions
that can break this link, remain promising areas for future
investigation.§
Third, the current research highlights complementarities among
multiple methodologies (e.g., field datasets and novel behavioral–
economic incentive-compatible choices). Work by Bickel and
colleagues (39, 40, 52, 53) pioneered the application of delay
discounting to addiction science. However, theory predicts that
fungible rewards such as money may not be discounted the same
way as consumption experiences (54; for a review, see ref. 55). The
present research overcomes the fungibility concern by measuring
preferences for cigarette puffs (time-dated consumption) over
shorter intervals. Furthermore, the present work provides converging evidence between behavioral–economic choice paradigms
and bio-behavioral measures of actual smoking behavior. Future
research could compare not only convergence (vs. divergence)
among different behavioral paradigms, but also among existing
research and paradigms in animal models of behavior (e.g.,
ref. 56).
Finally, the present work integrates theories and methodologies from judgment and decision making (JDM) with research on addictive behavior. The field of JDM has uncovered

§

For now, it is interesting to note that 12-step programs like Alcoholics Anonymous include a prayer for reduced self-focus (“. . .relieve me of the bondage of self”).
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tions of study 4 merit note. First, our sample size was limited due
to cost and facility constraints associated with running real, biologically verified, smokers 1 at a time in a laboratory study. As
such, our study may have been underpowered. Second, while we
found a significant causal effect of sadness on impatience collapsing across the 3 studies, the causal effect of sadness on impatience in study 4 was only marginally significant. Finally, with
respect to the path analysis, while we found evidence that selffocus mediates the effect of sadness on impatience, future research is needed to replicate this important mechanistic pathway.

important insights into medical and health decision making,
including vaccine use (57), weight loss (58), and medication
adherence (59). However, relatively little research has studied
decision making among actual addicts in contexts where they
are using an addictive substance (for exceptions, see refs. 60
and 61). We hope that the present work provides a framework
for future research integrating addictive behavior into research on JDM, shedding light not only on applications for
medical and health decision making, but also on fundamental
JDM processes.
Caveat. The present research does not hypothesize that sad-

ness is unique among negative emotions in triggering addictive substance use. Rather, we hypothesize and find that
sadness is more potent than other negative emotion states at
triggering substance use. Indeed, some negative emotions
(e.g., disgust) may not trigger substance use at all. It may be
that sadness elicits an implicit motivational drive to reestablish equilibrium, to replace loss through enhanced consumption (for related discussion, see ref. 22). Future research
should investigate the generalizability and boundary conditions
of this hypothesis.
Limitations. Although the present findings advance the field
along multiple interdisciplinary lines, they have limitations.
Most importantly, although this research aimed to understand
whether an emotion-specific or valence-general model best
predicted substance use, our results are limited to smoking
behavior. Blindly overgeneralizing to all addictive substances
would be unwise; future research should examine the potential harmful effects of sadness on other addictive behaviors,
such as opioid or alcohol use. Another potential limitation is
that only study 4, and not studies 2 and 3, used real behavior
rather than judgments or hypothetical choices. While experiments with hypothetical rewards frequently show generalizability to real behavior (e.g., refs. 62–64), it is critical to test
for convergence in future research on sadness and addictive
behavior.
Conclusion. The present findings extend theoretical understanding

in emotion theory, behavioral economics, and addiction science.
Taking this intentionally multidisciplinary and multimethod approach with smoking may serve as a model not only for other kinds
of tobacco-control research efforts but also for research on a
broad spectrum of drug use behaviors that have critical affective
components. Indeed, the results provide not only theoretical implications but also implications for antismoking public service
announcements, which could have the unintended consequence of
heightening craving for cigarettes among smokers if they trigger
sadness.
Materials and Methods
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Overview. All experimental studies were reviewed and approved by the
Harvard University Institutional Review Board, and all participants gave their
informed consent to participate. Due to space constraints, additional details
for materials and procedures are available in SI Appendix.
Study 1. We analyzed data from the MIDUS surveys, a publicly available
dataset supported by the MacArthur Foundation. Smoking status was
assessed as a binary variable of whether the person currently smokes regularly (1) or does not currently smoke regularly (0). Sadness was measured as a
single Likert item asking, “During the past 30 days, how often did you feel so
sad nothing could cheer you up?” and answered on a 5-point scale ranging
from 1 (none of the time) to 5 (all of the time). Anger, fear, and shame were
also measured in MIDUS waves 2, 3, and Refresher. Additionally, all 4 waves
included a variety of demographic measures, including gender, age, and
objective SES. Objective SES was calculated as the standardized average of 1)
education and 2) log household income.

6 of 7 | www.pnas.org/cgi/doi/10.1073/pnas.1909888116

Study 2. We recruited 425 current American smokers (202 male, 221 female, 2
nonbinary/other, mean age = 37, age range = 18 to 79 y) through the online
data collection platform Prolific. We initially aimed for 450 participants.
Because of a shortage of verified smokers on this platform, we ended data
collection with less than our preregistered goal but a sufficient sample to
detect small to medium effects.
Participants completed 14 items adapted from previous research on
emotion and decision making (e.g., ref. 32) used to assess their current
emotional state. Three items tapped sadness (sad, blue, depressed), 3
tapped disgust (disgusted, repulsed, nauseated), and 3 tapped neutrality
(indifferent, neutral, unemotional). We also included 5 other filler emotion items (e.g., angry, fearful, thankful). Next, participants indicated
how true each of 3 statements were of them on an 11-point scale from
0 (not true of me at all right now) to 10 (extremely true of me right now).
The 3 items (“I crave a cigarette right now”; “I have an urge for a cigarette right now”; “All I want right now is a cigarette”) were adapted from
the Brief Questionnaire on Smoking Urges (36) to focus on immediate
craving.
After indicating baseline levels of craving, participants were randomly
assigned to 1 of 3 emotion-induction conditions. Per standard procedures
(e.g., ref. 25), participants in all 3 conditions watched a short prevalidated
film clip and completed a writing task. Immediately following the emotion
induction, participants answered the same 3 craving items from earlier in the
survey. After completing the craving measure, participants answered questions regarding the emotion manipulation check, exploratory items, and
demographics.
Study 3. We recruited 398 current smokers through Amazon’s Mechanical
Turk (217 male, 181 female, mean age = 35, age range = 18 to 79 y). The
recruitment materials, study requirements, and initial emotion assessment
were identical to study 2. Participants were randomly assigned to either
the sadness or neutral condition. Immediately following the emotion induction, all participants made choices between a smaller number of puffs
(2 to 3 puffs) earlier (immediately, after a 15-min delay) and a larger
number of puffs (3 to 10 puffs) later (after a 15-min delay, after a 20-min
delay, and after a 30-min delay) on 8 lists. Each list had 7 pairs of options
between smaller, sooner puffs and larger, later puffs. In 4 of the 8 lists,
the sooner option was immediate. In the other 4 lists, the sooner option
was not immediate. After completing the 8 lists, participants responded
to exploratory items, the emotion manipulation check, and demographic
items.
Study 4. We recruited 158 current smokers from the Boston area who selfreported no intention to quit in the next 30 d (102 male, 55 female, 1
nonbinary/other, mean age = 37 y, age range = 21 to 65 y). Participants were
instructed to abstain from smoking for at least 8 h overnight before their
morning appointment in the laboratory. At the start of each laboratory
session, laboratory personnel verified participants’ smoking abstinence using
a carbon monoxide breath test (cf. ref. 65).
The next set of procedures closely mirrors procedures from study 3. Participants completed the same preemotion measures, same random assignment to emotion condition, and the same 8 choice lists measuring impatience
(although this time 1 choice was selected to be actualized). Participants were
told that their choices would not influence the time they spent in the
laboratory.
After completing the 8 choice lists, participants were told which choice had
been randomly selected. While we selected choices in a probabilistic way, we
weighted the probabilities such that all participants were able to smoke
either immediately or after a 5-min delay. Participants who received the
“immediate option” were told by the experimenter that they could begin
smoking. After smoking, participants then filled out the same emotion
manipulation check used in studies 2 and 3. Participants who received the
“delayed option” first completed the emotion manipulation check (along
with other surveys if they had leftover time during the 5-min delay), then were
told that they could begin smoking. Once smoking and manipulation checks
were complete, participants answered 9 items measuring underlying appraisal
dimensions of negative valence, self-focus, and sense of loss. Finally, all participants completed a variety of exploratory items and demographics.
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