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Abstract

Objective: Appetitive risk behaviors (ARB), including tobacco use, alcohol consumption, 

consumption of calorie dense/nutrient-poor foods, and sexual risk behavior, contribute 

substantially to morbidity and mortality. Affective states that arise from a wide array of unrelated 

circumstances (i.e., incidental affect) may carry over to influence ARB. A meta-analysis is needed 

to systematically examine causal evidence for the role of incidental affect (including specific 

emotions) in influencing ARB.

Methods: Integrating effect sizes from 91 published and unpublished experimental studies that 

include both an incidental-affect induction and neutral-control condition (k=271 effect sizes; 

k=183 negative affect, k=78 positive affect), this meta-analysis examines how negative and 

positive affective states influenced ARB and related health cognitions (e.g., intentions, evaluations, 

craving, perceived control).
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Results: Negative affective states reliably increased ARB, both in analyses where all negative 

affective states were analyzed (d = .29), as well as in stratified analyses of just negative mood (d = 

.30) and stress (d = .48). These effects were stronger among study populations coded as clinically 

at risk. Positive affective states generally did not influence ARB or related health cognitions, 

except in the presence of a craving cue. Design issues of extant literature largely precluded 

conclusions about the effects of specific positive and negative affective states.

Conclusion: Taken together, findings suggest the importance of strategies to attenuate negative 

affect incidental to ARB in order to facilitate healthier behavioral patterns, especially among 

clinically at-risk individuals.

Keywords

incidental affect; incidental emotion; appetitive risk behavior; health risk behavior; meta-analysis

People often engage in hedonically pleasing but unhealthy behavior to fulfill appetitive/

craving states. Appetitive risk behaviors (ARB), including tobacco use, alcohol 

consumption, consumption of calorie dense/nutrient poor foods, and sexual risk behavior, 

contribute substantially to disease-related morbidity and mortality (Azfar-e-Alam Siddiqi 

& Hall, 2016; Gomes et al., 2018; Kanny et al., 2015; Ma et al., 2018; Micha et al., 

2017; Scaglione et al., 2015). Despite these significant health risks, engagement in ARB 

is prevalent (Duffey & Popkin, 2011; Han & Powell, 2013; SAMHSA, 2015; Wang et al., 

2018).

Health behavior theory often examines ARB through a social cognitive lens, examining 

determinants such as risk perception, attitudes, social norms, and self-efficacy, which can 

together predict a moderate amount of variance in these behaviors (Albarracin et al., 2001; 

Hausenblas, Carron, & Mack, 1997; McEachan et al., 2011; Sheeran et al., 2016; Sheeran & 

Taylor, 1999). However, behavior may be less driven by these social cognitive determinants 

when people are in an emotional state, compared to a neutral state (Nordgren, van der Pligt, 

& van Harreveld, 2008). Despite this being the case, affect is relatively understudied in the 

health behavior change literature (Conner et al., 2011; Ellis et al., 2016; Ferrer & Mendes, 

2018; Lawton et al., 2009; Williams & Evans, 2014; Williams et al., 2018). The current 

meta-analysis examines whether affective states that are incidental to, and not elicited by, the 

ARB in question influence such behaviors.

Here, the term “affective state” refers to an overarching category of experiences, including 

specific emotions (i.e., discrete categories of affective states that are relatively fleeting and 

attributable to a specific cause), moods (i.e., general positive or negative affective states that 

are more “free-floating” rather than directly attributable to one specific cause), and stress 

(i.e., the experience of negative affect and physiological arousal as the result of specific 

life experiences, often related to social evaluation or life adversity) (see Cowen & Keltner, 

2017; Keltner & Lerner, 2010). The present meta-analysis focuses specifically on affect that 

is elicited by sources unrelated (i.e., incidental) to the ARB that may follow them (Harle 

& Sanfey, 2007; Lerner et al., 2015; Loewenstein & Lerner, 2003), because the majority of 

theories on affect and ARB have highlighted the importance of this type of affect as opposed 

to integral affect (i.e., affect that is elicited by the ARB itself). For example, positive affect 
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elicited by (i.e., integral to) hedonically pleasing food might increase consumption of that 

food; however, job-related stress that is not elicited by hedonically pleasing food (i.e., is 

incidental to it) may also increase consumption.

Several theoretical perspectives and a growing body of evidence suggest that incidental 

emotion may be a particularly robust predictor of ARB (Cohn et al., 2009; DeSteno, Gross, 

& Kubzansky, 2013; Ferrer, Green, & Barrett, 2015; Ferrer, Klein, Lerner, Reyna, & Keltner, 

2016; Fredrickson & Joiner, 2002; Magnan, Shorey Fennell, & Brady, 2017). Negative 

affect in general could increase ARB through several pathways. First, negative affect may 

increase reward sensitivity, and make appetitive stimuli even more enticing than if one 

were in a neutral state (Wagner et al., 2012; Wagner & Heatherton, 2014). Second, people 

experiencing negative affect may wish to escape those feelings and prioritize temporary 

mood-repair goals over other, longer-term goals (Baumeister & Heatherton, 1996; Metcalfe 

& Mischel, 1999). Thus, motivations to attenuate negative affect may lead people to engage 

in hedonically pleasing, appetitive behaviors (Adam & Epel, 2007; Canetti et al., 2002; 

Tice et al., 2001). Finally, negative affect can impair decision-making capacity, and working 

memory in particular (Johns et al., 2008; Schoofs et al., 2008), which can make it difficult to 

self-monitor ARB (e.g., to keep track of how much one has eaten or drunk).

Other theories suggest that not all negative affective states will have a similar influence 

on ARB, but rather that specific negative emotions may influence ARB depending on 

appraisals and action tendencies (Consedine & Moskowitz, 2007; Lerner & Keltner, 2000, 

2001; Lerner et al., 2015). For example, the specific emotion of sadness—which arises 

from experiences of uncontrollable loss (Lazarus, 1991)—may trigger action tendencies 

(Frijda, 1986; Scherer, 1988) to mitigate or replace loss by acquiring and consuming 

hedonically pleasing goods ( Cryder et al., 2008; Dorison, et al., 2020; Garg & Lerner, 

2013; Lerner & Keltner, 2000; Lerner, Small & Loewenstein, 2004; Raghunathan & Pham, 

1999; Zeelenberg, et al., 2008). Conversely, disgust, with appraisal themes of avoiding 

contamination (Rozin & Fallon, 1987; Rozin, Markwith, & Stoess, 1997; Lazarus, 1991) and 

action tendencies motivating avoidance (Frijda, 1986; Scherer, 1988), should reduce ARB 

(regardless of whether the behavior is hedonically pleasing) (Han et al., 2007; Han, Lerner, 

& Zeckhauser, 2012; Lerner et al., 2004).

Positive affect may also be implicated in engagement in ARB. Indeed, positive affect 

has been linked to better health outcomes (Consedine & Moskowitz, 2007; Pressman 

& Cohen, 2005), perhaps in part because it increases engagement in healthy behaviors 

and deters engagement in risky behaviors (Pressman & Cohen, 2005). Although positive 

affect is theoretically orthogonal to negative affect (as opposed to being a polar opposite) 

(Emmons & Diener, 1985; Lindquist et al., 2015), it may influence ARB through some of 

the same pathways posited for negative affect. Additionally, positive affect can improve self­

regulation (Aspinwall, 1998; Tice, Baumeister, Shmueli, & Muraven, 2007), which is likely 

to improve health behavior, including ARB (Cameron & Leventhal, 2003). Positive affect 

can also enhance affect regulation resources and decrease reward salience (Cohn et al., 2009; 

Fredrickson & Joiner, 2002), which, in turn, may decrease the need to rely on hedonically 

pleasing but risky health behavior as a compensatory affect regulation strategy. Moreover, 

positive affect can facilitate greater engagement with longer-term goals (Clore & Huntsinger, 
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2007; Fishbach & Labroo, 2007; Orehek et al., 2011). Additionally, positive affect can 

improve decision making (Isen, 2008), by increasing sensitivity to positive and negative 

consequences (Carpenter, Peters, Vastfjall, & Isen, 2013), facilitating greater thought about 

future consequences (Isen & Reeve, 2005; Oettingen et al., 2005), and enhancing the ability 

to delay reward (DeSteno et al. 2014; Moore et al., 1976), and thereby deter hedonically 

pleasing but risky ARB (Daugherty & Brase, 2010). However, it is also possible that positive 

affect could increase risky behavior, given research that some individuals tend to engage in 

risky behavior when experiencing high levels of positive affect (Zapolsky et al., 2009).

Despite theoretical support for the link between positive affect and health behavior, one 

meta-analysis found that positive affect increases eating behavior (Cardi et al., 2015), and 

another found null effects of positive affect on health cognitions and behavior (Cameron et 

al., 2015). However, no meta-analytic inquiry examined the influence of positive affect on a 

comprehensive suite of ARB. Similarly, although there are grounds for thinking that specific 

positive emotions (e.g., pride, hope) may have particular influences on ARB (Consedine & 

Moskowitz, 2007; Shiota et al., 2017; Tugadeet al., 2004), no meta-analytic synthesis has 

been conducted on this research.

Gaining a better understanding of the role affect may play in ARB is crucial to developing 

effective interventions (DeSteno et al., 2013; Ferrer et al., 2015; Ferrer et al., 2016; Magnan 

et al., 2017). This meta-analysis synthesizes published and unpublished studies of the 

impact of incidental affect on a suite of outcomes related to ARB. It is also the first 

to focus specifically on studies that experimentally manipulated incidental positive and 

negative affect and tested effects on ARB. The meta-analysis sought to answer two primary 

research questions: (1) do positive and negative affective states influence ARB? and (2) Can 

specific positive and negative affective states be differentiated in their influence on ARB? 

Outcomes include self-reported and observed behavior, as well as health cognitions that 

precede or are associated with ARB, namely behavioral intentions and (implicit and explicit) 

attitudes and evaluations of ARB. The meta-analysis also examines whether conceptual 

factors were associated with effect-size magnitude: the extent to which the behavioral 

outcome was hedonically pleasing; whether the sample was considered “at risk” (e.g., high 

in tendency for emotional eating or drinking alcohol to cope with stress, eating disorder 

diagnosis, obesity status); and whether participants were in a craving state (e.g., fasting or 

smoking abstention). Finally, the meta-analysis examines whether a variety of participant 

and procedural characteristics influenced the magnitude of effect sizes.

Methods

This meta-analysis followed Preferred Reporting Items for Systematic Reviews and meta­

analyses (PRISMA) guidelines for conducting and reporting meta-analyses (Moher et al., 

2015). A review protocol was not registered.

Inclusion Criteria

Studies were included if they met the following criteria: 1) included experimental inductions 

of emotions, mood, or stress that were incidental (i.e., not normatively relevant) to the 

ARB; 2) contained at least one outcome related to the performance of an ARB (behavior, 
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intentions, craving/ hunger/ arousal, attitudes/ evaluations, implicit measures of attention/ 

evaluations, perceived behavioral control, information seeking); 3) included a neutral affect 

comparison condition in a between-subjects design; and 4) examined adults (i.e., over the 

age of 18). Studies were excluded if they: 1) examined outcomes related to ARB performed 

on behalf of someone else (e.g., proxy feeding); 2) targeted an affective state in a larger 

study design (e.g., a gratitude induction presented in the context of a larger randomized 

controlled trial designed to influence behavior in multiple ways); and 3) did not include 

necessary statistical information to calculate effect sizes and study authors were unreachable 

or unable to provide such information. All articles located in the search were published in 

English. Figure 1 contains a PRISMA diagram of the search process (Moher et al., 2009). 

The final database includes 91 published/unpublished studies (k= 271 independent effect 

sizes).

Search Strategy

The search was performed on November 15, 2018 and was updated on January 22, 

2019, using the PsycInfo database. The same search was performed in PubMed, and no 

additional articles not indexed in PsycInfo were identified. Search terms are detailed in the 

supplementary online materials. Additionally, queries were sent to relevant listservs (Society 

for Personality and Social Psychology, Society for Experimental Social Psychology, Society 

for Judgment and Decision Making, and Social and Affective Neuroscience Society), as well 

as to individual authors known to publish studies investigating affective influences on ARB, 

to identify unpublished studies.

Coding and reliability

Each study was coded by two independent coders (JT, EG, RF; a post-masters-level 

government contractor; and a post-baccalaureate-level fellow). Coders were trained by 

the first and second authors (RF, JT). Inter-rater agreement was high (Kappas > .80). 

Discrepancies were resolved through discussion. The following variables were coded.

Conceptual factors.—The extent to which participants were considered “at risk” for 

engaging in an ARB was coded; participants coded as “at risk” were those: high in 

emotional eating, drinking alcohol to cope, restrained eating; dieting; with obesity; with 

eating disorders. The extent to which a behavior was hedonically pleasing was also 

coded, using a three-level variable (0=not hedonically pleasing, e.g., water or baby carrots; 

1=somewhat hedonically pleasing, e.g., crackers; 2=very hedonically pleasing, e.g., M&Ms, 

cigarettes [among smokers], alcohol), because some affective science theory specifies effects 

for specific emotions on ARB only to the extent that the behavior is pleasing or rewarding. 

Whether there was an additional craving cue present (e.g., smell of buttered popcorn) was 

also coded.

Target affective state—Each test was coded with regard to the specific affective state 

targeted (with individual codes for negative mood, positive mood, and specific emotions 

of stress, fear, anger, sadness, happiness, etc.). Then, each test was also coded as targeting 

negative affect (a single code applied to all studies targeting negative mood, stress, fear, etc.) 

or positive affect (a single code applied to all studies targeting positive mood, happiness, 

Ferrer et al. Page 5

Health Psychol. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



etc.). Because labeling of affective states by study authors was not always consistent (e.g., 

two studies using an identical induction were often coded as targeting two different affective 

states), the two lead authors (RF and JT) developed systematic coding rules for the affective 

state targeted based on induction procedures rather than the induction label in the original 

publication. For example, studies using the same sad video clip might state they targeted 

sadness or negative mood; the systematic coding rules categorized tests using this induction 

as sadness regardless of the label in the publication. To develop consensus on these rules, 

the lead authors reviewed 23 published and unpublished papers (39 inductions) within these 

categories. Then, these authors separately coded an additional 10 papers (21 inductions) 

(including inductions in categories described above, as well as all other induction types) 

to develop inter-rater reliability (kappas > .86). In 18.5% of instances, the induction was 

ambiguous (e.g., when a music or film clip or segment could not be identified) and the 

coders’ (RF and JT) best judgment was used to code the target affective state. As a result, 

a separate code was developed for whether the target affective state was ambiguous or 

unambiguous to code. Additional details about the coding process for target affective state 

are included in the supplementary online materials.

Induction type.—Table 1 includes descriptions of the 10 types of inductions employed. 

These were coded as separate variables because some procedures used multiple inductions. 

The number of inductions used in each procedure was also coded.

Outcome characteristics.—Effect sizes were coded for the ARB examined (eating, 

alcohol consumption, smoking, sex, caffeine consumption, drug use). To assess potential 

bias, effect sizes were also coded to note the extent to which a behavior was public 

(0=privately performed or self-reported on paper-and-pencil or computer; 1=observed by an 

experimenter; 2=observed by an experimenter and other participants); and whether behavior 

was measured objectively (e.g., observation, weighing the amount of food consumed) or 

through self-report.

Procedural details.—Effect sizes were coded for whether participants were instructed to 

enter the study in a craving state (e.g., not eating or smoking for a certain number of hours). 

Coding also captured whether the study took place online or in person; whether there was 

an additional craving cue present (e.g., smell of buttered popcorn); and whether a message 

about the health risks of the ARB was presented before the outcome was assessed. To 

assess potential bias, coding indexed whether the publication specified that participants were 

randomized to affective induction condition; and whether procedures to blind participants to 

the study purpose and hypotheses were reported (e.g., using a cover story).

Sociodemographic characteristics.—The percentage of women in the sample was 

coded for each test. Participant race was coded as the percent of white individuals in the 

sample; a more nuanced coding of race and ethnicity was not undertaken because only a 

small number of studies reported participant race/ethnicity, and those that did were most 

likely to report the percent of participants who were white. The percent of individuals in the 

sample with some college education was also coded (studies enrolling students only were 

coded as 100%).
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Outcomes and Effect Sizes

Effect sizes (Cohen’s d, mean difference between the experimental condition and 

comparison condition divided by the pooled standard deviation) were calculated for each 

ARB, as well as for the induction checks, using Comprehensive Meta-Analysis (CMA) 

(Borenstein, Hedges, Higgins, & Rothstein, 2014). If means and SDs were not included 

in the publication, other statistical information (e.g., t- or p-values) was used to calculate 

d (Johnson & Eagly, 2000; Lipsey & Wilson, 2001). A positive effect size indicated an 

increase in the ARB (or related outcome) compared to the comparison condition, whereas 

a negative effect size indicated a decrease in ARB. To correct for bias due to sample size, 

effect sizes were weighted by the inverse of the variance of d (Hedges, 1981).

When an experiment included more than one neutral affect condition, the condition most 

closely resembling the experimental induction was selected as the comparison (e.g., a 

neutral autobiographical induction would be selected to compare to an autobiographical 

emotion induction instead of a neutral video induction if both neutral conditions were 

included). When a study included multiple treatments, the sample size was divided by the 

number of relevant conditions to avoid “double counting” participants (Borenstein et al., 

2009). For example, if a study included fear, anger, and neutral inductions with n=100 in 

each condition, two effect sizes were calculated: fear (n=100) vs. neutral (n=50) and anger 

(n=100) vs. neutral (n=50).

Analysis strategy

The Q statistic was calculated to examine whether effect sizes were homogenous (i.e., 

whether all studies produced a statistically equitable effect size for the comparison of 

experimental condition to comparison condition on the target affective state manipulation 

check). Because heterogeneity in effect sizes was detected, and in order to generalize 

these findings, random-effects procedures were used throughout (Hedges & Vevea, 1998). 

All analyses were performed using CMA (Borenstein et al., 2014). First, main effects of 

inductions across studies were examined to determine the overall effect. Separate analyses 

were conducted on each outcome. Next, meta-regressions tested whether coded factors 

moderated effect sizes. Moderator analyses were undertaken only when there was significant 

heterogeneity of effect sizes (evaluated by a significant p-value for the Q statistic) and there 

were 15 or more effect sizes (i.e., k ≥ 15). Within each sample of studies, and for each 

outcome, each coded factor was entered into a univariate meta-regression. Additionally, 

analyses examined whether the effect size for the induction check predicted the effect sizes 

for each outcome.

Results

Induction checks

Affect inductions were largely successful in inducing target affective state. Of the 17 

affective states for which induction checks were reported, all but positive mood, hope, and 

contentment were significant (ds=0.29-3.11, ps<.013, Table 1).
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Main effects analyses

Effect sizes for the impact of negative affective states appear in Table 3. Negative affective 

states (i.e., any induction targeting a negatively valenced affective state, including specific 

negative emotions, negative mood, and stress) increased engagement in ARB (k=120, 

d=0.29, 95%CI=0.13, 0.45, p<.001) and craving (k=31, d=0.29, 95%CI=0.00, 0.58, p=.049), 

but did not influence intentions, implicit or explicit evaluations, perceived behavioral 

control, or information seeking.

Experimentally-induced negative mood increased ARB (k=26, d=0.30, 95%CI=0.04, 

0.57, p=.023) and decreased perceived behavioral control (k=4, d=−0.81, 95%CI=−1.27, 

−0.34, p=.001), but did not influence any other outcome. Stress increased ARB (k=43, 

d=0.48, 95%CI=0.15, 0.80, p=.004), but did not influence any other outcome. Disgust 

decreased ARB (k=1, d=−0.42, 95%CI=−0.80, −0.03, p=.034), intentions (k=1, d=−0.42, 

95%CI=−0.82, −0.02, p=.041), and craving (k=1, d=−0.34, 95%CI=−0.57, −0.10, p=.005), 

but did not influence implicit or explicit attitudes; however, each effect size was generated 

based on only one test.

Effect sizes for positive affective states are in Table 5. Positive affective states (i.e., any 

induction targeting a positively valenced affective state, including specific positive emotions 

and positive mood) did not influence any outcome. Positive mood increased perceived 

behavioral control (k=1, d=0.54, 95%CI=0.04, 0.57, p=.023), but did not influence other 

outcomes; however, only one study targeted positive mood and assessed perceived control. 

Amusement increased ARB intentions in two studies (d=0.98, 95%CI=0.43, 1.53, p<.001) 

and decreased ARB information seeking in one study (k=1, d=−0.39, 95%CI=−0.75, 0.03, 

p=.032). The other specific positive emotions did not influence any behavior or health 

cognition outcomes.

Meta-regression analyses

Complete findings for meta-regression analyses are reported in the supplementary online 

materials; only significant findings are discussed here. Main effects with at least one 

significant meta-analytic predictor for effect-size magnitude are noted with an asterisk in 

Tables 2 and 3.

Induction check effect sizes—Outcome effect sizes were not linearly predicted by the 

magnitude of the induction check effect size. However, for negative affective states, and for 

stress in particular, effects on ARB were predicted by the square of the induction check 

effect size (Figure S1 in supplementary online materials).

Conceptual factors—Negative affective states (i.e., any induction targeting a negatively 

valenced affective state, including specific negative emotions, negative mood, and stress) 

had a larger effect on ARB for participants coded as at risk compared to those not at 

risk (B=0.61, 95%CI=0.27, 0.95, p<.001); stress also had greater effect sizes for ARB 

among at-risk participants (B=1.14, 95%CI=0.45, 1.83, p=.001). Positive affective states 

(i.e., any induction targeting a positively valenced affective state, including specific positive 

emotions and positive mood) were more likely to decrease ARB when participants were 
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coded as at risk compared to those not at risk (B=−0.78, 95%CI=−1.54, −0.02, p=.044). 

Unexpectedly, the effect of negative affective states on outcomes was smaller with more 

hedonically pleasing behaviors (B=−0.98, 95%CI=−1.92, −0.04, p=.041). Similarly, stress 

had less effect on behavior when the behavior was coded as more hedonically pleasing 

(B=−1.03, 95%CI=−1.86, −0.20, p=.015). Positive affect’s effects on intention were larger 

when a craving cue, such as a hedonic smell, was present (B=0.88, 95%CI=0.43, 1.34, 

p<.001). Of note, effects on behavior were not qualified by whether the outcome was 

observed or self-reported, whether the observed outcomes were public (e.g., observed by 

the experimenter or other participants) or private, or whether studies were conducted on the 

internet versus in person.

Induction type—The effect of stress (B=1.37, 95%CI=0.48, 2.23, p=.002) and positive 

affect (B=0.97, 95%CI=0.38, 1.56, p=.001) on ARB was larger for video inductions 

compared to other categories of induction.

Outcome characteristics—The effect of negative mood on behavior was larger for 

smoking studies (B=0.81, 95%CI=0.06, 1.55, p=.033), compared to other ARBs. Positive 

affective states had larger effects on explicit evaluations (attitudes/evaluations/expectations) 

for studies examining sexual behavior (B=0.73, 95%CI=0.28, 1.17, p=.001).

Sociodemographic Characteristics—The effect of stress on craving was larger 

in studies with older participants (B=0.16, 95%CI=0.05, 0.27, p=.005). The effects of 

positive affective states on intention (B=−0.01, 95%CI=−0.01, −0.00, p=.037) and attitudes 

(B=−0.01, 95%CI=−0.02, −0.00, p=.015) were smaller when studies had a higher proportion 

of women. Positive affective states had larger effects on explicit evaluations (attitudes/ 

evaluations/ expectations) in studies with older participants (B=0.05, 95%CI=0.01, 0.08, 

p=.005). The effect of amusement on behavior was higher when there were more women in 

the sample (B=0.03, 95%CI=0.01, 0.05, p=.004), and was lower with younger participants 

(B=0.61, 95%CI=0.27, 0.95, p<.001). Race and education did not predict effect sizes; 

however, these sample characteristics were inconsistently reported, and relevant meta­

regressions were underpowered.

Publication bias

Publication bias analyses were conducted for affective state-outcome combinations with 

significant effect sizes and for which there were three or more comparisons contributing 

to the overall effect size. Forest plots and relevant analyses (see supplementary online 

materials) did not provide evidence for publication bias (Egger’s coefficients = 0.69-1.44, 

ps > .162), with the single exception of perceived behavioral control (Egger’s coefficient = 

−3.55, p = .046).

Discussion

This meta-analysis of 271 independent effect sizes (91 studies) examined whether positive 

and negative affective states influence appetitive risk behavior (ARB; e.g., tobacco 

use, alcohol consumption, consumption of calorie dense/nutrient poor foods, sexual risk 

behavior), and if so, whether the influence of specific positive and negative emotions could 
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be differentiated in their influence on ARB. Analyses indicated that incidental negative 

affective states increased engagement in ARB, an effect that was not qualified by objective 

vs. self-reported assessment. These effects emerged when all types of negative affect 

(negative emotions, negative mood, and stress) were examined together (k=120), as well as 

when analyses were stratified to focus on negative mood or stress independently. Conversely, 

no main effects emerged for positive affective states (k=41) on ARB or related cognitions, 

replicating a previous meta-analysis on the null effects of positive affect on health cognitions 

and behavior (Cameron et al., 2015).

Although specific emotion effects may exist, it was not possible to differentiate the effects 

of specific positive or specific negative emotions on ARB when aggregating studies due 

to limitations in the extant literature, even though relevant emotion inductions appeared 

to be successful in producing the target affective state. Indeed, with the exception of 

amusement (and single comparison analyses of disgust), no reliable significant effects of 

specific emotions on ARB were observed. Notably, there was substantial heterogeneity in 

effect sizes among specific emotion inductions that was not predicted by the moderators 

examined here, suggesting the possibility that other (unmeasured) factors may predict when 

specific emotions are most likely to influence ARB (e.g., Garg, 2019).

A number of moderators of effect sizes emerged. First, no outcomes were linearly predicted 

by the magnitude of the effect size for induction checks. However, for negative affective 

states and stress, a curvilinear association existed between the induction checks and 

behavior, such that at lower levels of negative affect and behavior, associations of affect 

induction check effect size and behavior effect size were null, but effects accumulated 

exponentially to the extent that the study-level induction check effect sizes were larger. 

However, this finding should be interpreted with caution given that effects only emerge 

when induction check effect sizes are exceptionally large.

Effects of negative affective states on ARB were stronger for participants coded as at 

risk (e.g., participants high in emotional eating or drinking to cope, who were dieting, 

or who had obesity) than for participants coded as not at risk. Relatedly, effects of 

negative mood on behavior were stronger in smoking studies, consistent with the notion 

that effects are stronger for at-risk individuals (because smoking is addictive, smokers are 

arguably at higher risk than those engaging in non-addictive behavior; Benowitz, 1988). This 

moderating effect has substantial clinical significance, as it suggests that negative affect may 

be a particularly important driver among “at-risk” populations and among smokers.

Whether an ARB was coded as hedonically pleasing also emerged as a moderator of 

the effects of certain types of negative affect, although the nature of this interaction was 

unexpected. For example, the effects of negative affective states on implicit evaluations of 

ARB were weaker when the outcome was coded as more hedonically pleasing. Similarly, the 

effects of stress on behavior were weaker when the outcome was coded as more hedonically 

pleasing. These findings are counterintuitive given expectations that negative affect would 

increase ARB due to increased reward salience, priority of mood regulation goals over 

longer-term goals, and reliance on rewarding behavior as an affect regulation strategy. It is 

possible that this finding reflects a mismatch between affective state and behavior (such that 
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individuals in negative affective states may not feel as though they would enjoy a rewarding 

behavior) or a match between affective state and behavior (such that negative affect makes 

people realize how unhealthy the ARB is and as such consumption is reduced; Kroese et 

al., 2011). It is also possible, however, that imprecision in coding whether an ARB outcome 

was hedonically pleasing at the study level, rather than the individual level, contributed to 

this unexpected finding. For example, although chocolate consumption would be coded as 

highly pleasing, people differ in how much they enjoy sweet, savory, or salty foods, as 

well as fruits and vegetables (Conner, Haddon, Pickering, & Booth, 1988). Similarly, among 

drinkers, there are individual differences in enjoyment of specific alcoholic drinks (Klatsky, 

Armstrong, & Kipp, 1990). As such, more primary research is necessary to explicitly 

examine whether the subjective hedonic pleasantness of a behavior moderates the effects of 

negative affective states.

Interestingly, despite no main effects of positive affective states on ARB or related health 

cognitions, positive affect was more likely to decrease ARB among at-risk individuals 

compared to those not at risk. Moreover, positive affect had greater impact on intentions 

when a craving cue (e.g., appetitive smell) was present at the time that intentions were 

assessed. This finding is consistent with research suggesting that the effects of positive 

emotion can be modulated by a currently activated goal (Fishbach & Labroo, 2007), in 

that the craving cue may have activated goals related to pursuing pleasure (as opposed to 

longer-term health goals), thus increasing the impact of positive affect.

Taken together, these findings have a number of clinical implications. First, they suggest that 

healthcare providers should consider a patient’s incidental affective state, particularly when 

the affective state is negative, when providing counseling regarding the reduction of ARB. 

Second, they suggest that interventions designed to discourage ARB, particularly among 

at-risk populations, should include strategies that facilitate healthier ways to cope with 

negative affect or ways to disrupt the link between negative affect and behavior (Sheeran 

et al., 2018). Findings also have implications for the affective science theories that inform 

health behavior change interventions. For example, negative affect increased actual ARB 

but not intentions to engage in future ARB or ARB-related cognitions. These findings may 

be explained in terms of how negative affect reduces future-oriented thinking (e.g., Liu et 

al., 2013): negative affect may focus individuals on shorter-term solutions rather than longer­

term intentions and health cognitions. These findings are also consistent with the notion 

that negative affect can directly stimulate action (Canetti et al., 2002; DeSteno et al., 2013; 

Garg & Lerner, 2013; Lerner et al., 2015), in addition to affecting action indirectly through 

expectations of how one will feel in the future (Baumeister, Vohs, Nathan DeWall, & Zhang, 

2007), given that effects were stronger and more reliable for behavior than intentions. It 

is also possible that negative affective states did not increase intentions to engage in ARB 

because individuals anticipated that they would be able to repair future negative affect in 

other ways. Regardless of mechanism, this finding has clinical implications by warranting 

appetitive behavior interventions that focus affect regulation strategies that can be deployed 

in situ to manage the direct effects of incidental affect on cravings and behavior.

This meta-analysis has several limitations that should be acknowledged. First, limitations 

in the literature may make it difficult to differentiate between specific affective states, 
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underscoring that these analyses cannot be interpreted as evidence supporting valence versus 

discrete emotion theories. Second, there were ambiguities in coding specific affective states 

targeted by inductions; for example, an unknown proportion of the inductions coded as 

targeting negative mood may have targeted, or produced, a specific emotion. Third, it is 

possible that some specific affect inductions failed to achieve specificity. For example, 

one study included in analyses had a sadness induction that increased sadness, but also 

anger, compared to neutral emotion (Ferrer et al., 2017). As such, it is possible that 

lack of specificity may mask specific emotion effects. However, this possibility cannot 

be systematically examined in these data because the majority of studies included only 

an assessment of the target affective state, making specificity of inductions impossible to 

examine. Taken together, these limitations point to the importance of collective standards 

for precision in descriptions of affect inductions, the specific affect induced, and the 

measurement of (multiple types of) induced affect to allow for theory testing.

The present review is also limited by the fact there were too few studies to fully examine 

moderator effects except in analyses that grouped all positive and all negative affective 

states. For example, only four studies targeted fear and included a behavioral outcome, 

meaning analyses of the conditions under which fear may influence ARB were not 

possible. Additionally, because of limitations in the database, analyses were unable to 

systematically examine the effects of a homogeneous set of specific emotion inductions 

(e.g., autobiographical sadness inductions vs. music sadness inductions vs. autobiographical 

fear inductions vs. music fear inductions), as the cell size for some of these categories was 

too small. Finally, we were unable to examine whether the timing of the affect induction 

with respect to ARB outcome assessments moderated effect sizes, as few studies included an 

extended follow-up.

Notwithstanding these limitations, this meta-analysis synthesized a large number of studies, 

and demonstrated that negative affect leads to robust increases in ARB, particularly among 

populations at risk. The present review observed little influence of positive incidental affect 

on ARBs, with the exception of a significant effect on intentions when a craving cue was 

present. It is notable that inducing positive or negative affect generally did not influence 

cognitions or cravings; the largest effect size was observed here was for behavior and for 

negative affect inductions. Taken together, these findings point primarily to the importance 

of addressing negative affective states as a precursor of unhealthy ARB, particularly among 

clinically at-risk populations. Further studies that develop collective standards for affective 

science methods that identify potential mechanisms underlying the impact of negative 

affect on ARBs (e.g., increased reward sensitivity, heightened activation of the goal of 

mood repair, reduced cognitive capacity leading to reduced self-monitoring), and that afford 

standardized comparisons of specific emotion states, should be a priority in future research.
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Figure 1. Flow of Information Through the Phases of the Review
Note: ARB = Appetitive Risk behavior
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Table 1.

Meta-analysis predictors, moderators, and outcomes.

Predictors (Affective States) Moderators Outcomes

Negative affective states Induction factors Behavior

Negative mood Induction check effect size Intentions

Stress Induction check effect size2 (squared) Craving

Anger Presence of induction check Attitudes/

Disgust Ambiguous induction evaluations

Fear Induction type Implicit evaluation/

Guilt Participant characteristics attention

Loneliness Publication status Perceived behavioral

Sadness Mean age control

Shame Percent female Information seeking

Positive affective states Percent white

Positive mood Percent some college

Amusement Participant “at risk”

Contentment Procedural details

Excitement Craving state induced

Happiness Participant blinding specified

Hope Internet research

Pride Craving cue present

Surprise Presence of ARB health risk message

Outcome characteristics

Appetitive behavior

Hedonic outcome

ARB outcome observed vs. private

Self-reported outcome
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Table 2.

Description of inductions in included studies

Induction Description

Autobiographical Recall Participants are instructed to write in detail about an experience that made them feel a specified affective state. 
Such inductions often involve instructing participants to list 3-5 events that made them feel most emotional 
before choosing one about which to write.

Imagination Participants are asked to vividly imagine themselves in affectively evocative situations, sometimes using guided 
imagery.

Fabricated situations Participants are exposed to a fabricated situation to induce affect, such as being placed in a situation where they 
interact with an anger-inducing confederate (i.e., an actor).

Music A piece of music designed to elicit the target affective state is played.

Picture Previously validated (and often taken from standard databases (e.g., International Affective Pictures System) 
(Bradley & Lang, 2007) are presented.

Priming Words and/ or pictures associated with an affective state are presented as supraliminal stimuli.

Reading Participants are presented with, and asked to read to themselves, paragraphs of text with affectively laden content, 
such as newspaper articles, jokes, or portions of textbooks.

Trier Social Stress Test 
(presentation)

Participants are told that they will develop and give a presentation in an evaluative social situation.

Trier Social Stress Test 
(mathematics)

Participants are given difficult or impossible mathematical or reasoning tasks and provided negative social 
feedback as they attempt to solve the problems.

Velten Participants are instructed to put themselves into a target mood state and to subsequently read a series of 
self-referent statements.

Film Film clips, usually excerpted from a feature length film and often selected from a validated set of clips, are 
presented.
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Table 3.

Induction check effect sizes

Affective State k d 95% CI p Q p (Q) I2 Tau2

Negative affect 115 0.91 0.86, 35.70 <.001 1059.88 <.001 89.24 0.63

Negative mood 27 1.12 0.89, 1.35 <.001 76.60 <.001 66.06 0.22

Stress 31 0.92 0.69, 1.16 <.001 93.86 <.001 63.04 0.28

Anger 6 0.72 0.31, 1.12 .001 33.52 <.001 85.08 0.20

Disgust 3 0.76 0.06, 0.29 .002 8.75 .013 77.14 0.13

Fear 6 3.11 1.70, 4.52 <.001 59.30 <.001 91.57 1.44

Guilt 3 0.69 0.43, 0.94 <.001 0.29 .865 0.00 0.00

Loneliness - - - - - - - -

Sadness 36 1.21 0.83, 1.59 <.001 703.58 <.001 92.03 1.22

Shame 5 1.26 0.67, 1.86 <.001 15.22 .004 73.71 0.29

Positive affect 50 0.62 0.40, 0.85 <.001 405.47 <.001 87.92 0.48

Positive mood 12 0.46 −0.25, 1.16 .201 130.08 <.001 91.54 1.36

Amusement 14 1.30 0.85, 1.75 <.001 67.91 <.001 80.86 0.46

Contentment 4 −0.13 −0.76, 0.51 .695 11.78 .008 74.53 0.30

Excitement - - - - - - - -

Happiness 13 0.43 0.10, 0.76 .011 81.75 <.001 85.32 0.29

Hope 2 −0.11 −0.30, 0.07 .239 0.04 .846 0.00 0.00

Pride 5 1.13 0.60, 1.66 <.001 12.60 .013 68.26 0.23

Surprise 2 0.29 0.06, 0.52 .013 0.44 .508 0.00 0.00
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Table 4.

Impact of Negative Affect on Appetitive Risk Cognitions and Behavior

k d 95% CI p Q p (Q) I2 Tau2

Negative affective states (all)

Behavior 120 * 0.29 0.13, 0.45 <.001 622.08 <.001 80.87 0.58

Intentions 25 *0.06 −0.04, 0.16 .208 29.22 .212 17.87 0.01

Craving 31 * 0.29 0.00, 0.58 .049 188.34 <.001 84.07 0.50

Attitudes/ evaluations/ expectancies 22 0.11 −0.02, 0.23 .085 27.33 .160 23.15 0.02

Implicit evaluations/ attention 16 0.05 −0.26, 0.36 .763 72.48 <.001 79.30 0.29

Perceived behavioral control 17 *−0.34 −0.73, 0.04 .076 118.13 <.001 86.46 0.52

Information seeking 5 −0.06 −0.44, 0.32 .757 5.10 .278 21.52 0.04

Negative mood

Behavior 26 0.30 0.04, 0.57 .023 71.79 <.001 65.18 0.28

Intentions 2 0.03 −1.08, 1.14 .956 4.95 .026 79.80 0.51

Craving 1 0.58 −0.23, 1.40 .162 - - - -

Attitudes/ evaluations/ expectancies 5 0.07 −0.15, 0.30 .529 4.01 .404 0.29 0.00

Implicit evaluations/ attention 5 0.01 −0.66, 0.69 .969 34.59 <.001 88.44 0.52

Perceived behavioral control 4 −0.81 −1.27, −0.34 .001 8.11 .044 63.00 0.14

Stress

Behavior 43 * 0.48 0.15, 0.80 .004 269.07 <.001 84.39 0.93

Intentions 1 −0.03 −0.46, 0.40 .882 - - - -

Craving 21 *0.24 −0.10, 0.58 .172 74.70 <.001 73.23 0.43

Attitudes/ evaluations/ expectancies 5 0.08 −0.19, 0.35 .549 6.47 .167 38.15 0.03

Implicit evaluations/ attention 4 0.29 −0.58, 1.15 .513 24.55 <.001 87.79 0.67

Perceived behavioral control 7 −0.13 −0.77, 0.52 .692 36.24 <.001 83.44 0.60

Anger

Behavior 6 0.29 −0.00, 0.58 .051 2.43 .787 0.00 0.00

Intentions 5 0.10 −0.05, 0.25 .195 1.95 .745 0.00 0.00

Craving 1 −0.02 −0.52, 0.48 .940 - - - -

Information seeking 2 0.20 −0.49, 0.90 .566 0.01 .923 0.00 0.00

Disgust

Behavior 1 −0.42 −0.80, −0.03 .034 - - - -

Intentions 1 −0.42 −0.82, −0.02 .041 - - - -

Craving 1 −0.34 −0.57, −0.10 .005 - - - -

Attitudes/ evaluations/ expectancies 1 0.19 −0.37, 0.75 .502 - - - -

Implicit evaluations/ attention 1 −0.06 −0.61, 0.50 .833 - - - -

Fear

Behavior 4 0.44 −0.59, 1.47 .400 14.50 .002 79.31 0.87

Intentions 3 0.05 −0.12, 0.22 .556 0.32 .854 0.00 0.00

Guilt

Behavior 1 0.58 −0.05, 1.20 .071
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k d 95% CI p Q p (Q) I2 Tau2

Intentions 2 0.08 −0.52, 0.26 .794 4.87 .027 79.45 0.15

Loneliness

Behavior 3 0.47 −0.14, 1.09 .133 1.61 .447 0.00 0.00

Sadness

Behavior 33 0.10 −0.06, 0.25 .211 60.66 .002 47.25 0.09

Intentions 7 0.16 −0.05, 0.37 .145 3.49 .745 0.00 0.00

Craving 7 0.53 −0.26, 1.33 .187 82.61 <.001 92.74 1.03

Attitudes/ evaluations/ expectancies 7 0.08 −0.11, 0.28 .405 9.07 .170 33.82 0.02

Implicit evaluations/ attention 4 0.02 −0.21, 0.25 .860 0.10 .992 0.00 0.00

Perceived behavioral control 6 −0.23 −0.98, 0.52 .548 56.06 <.001 91.08 0.79

Shame

Behavior 7 −0.03 −1.81, 1.76 .978

Intentions 4 0.07 −0.36, 0.49 .760 6.87 .083 55.13 0.10

Attitudes/ evaluations/ expectancies 5 0.25 −0.28, 0.78 .360 8.43 .077 52.56 0.18

Implicit evaluations/ attention 2 −0.38 −2.46, 1.70 .721 9.32 .002 89.28 2.01

Note: When an outcome is not listed under a particular affective state, this indicates that no studies targeting that affective state assessed that 
outcome. Significant overall effect sizes are bolded. Significant overall effect sizes are bolded. Asterisks indicate main effects with at least one 
significant moderator.
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Table 5.

Impact of Positive Affect on Appetitive Risk Cognitions and Behavior

k d 95% CI p Q p (Q) I2 Tau2

Positive affective states (all)

Behavior 41 *0.08 −0.22, 0.39 .592 264.78 <.001 84.89 0.78

Intentions 22 *0.08 −0.10, 0.25 .392 39.38 .009 46.68 0.08

Craving 5 0.41 −0.26, 1.08 .226 26.66 <.001 85.00 0.48

Attitudes/ evaluations/ expectancies 19 *−0.10 −0.27, 0.07 .238 30.43 .033 40.86 0.06

Implicit evaluations/ attention 12 0.02 −0.17, 0.21 .807 10.56 .480 0.00 0.00

Perceived behavioral control 3 0.30 −0.13, 0.73 .168 2.82 .244 29.01 0.05

Information seeking 5 0.09 −0.37, 0.56 .694 6.83 .145 41.46 0.11

Positive mood

Behavior 13 0.24 −0.05, 0.52 .104 20.39 .040 46.05 0.11

Craving 2 0.75 −0.59, 2.08 .272 15.27 <.001 93.45 0.87

Attitudes/ evaluations/ expectancies 4 0.02 −0.28, 0.33 .879 1.23 .772 0.00 0.00

Implicit evaluations/ attention 7 −0.13 −0.38, 0.12 .308 2.36 .853 0.00 0.00

Perceived behavioral control 1 0.54 0.13, 0.95 .009 - - - -

Amusement

Behavior 15 *−0.05 −0.47, 0.37 .818 58.70 <.001 76.15 0.45

Intentions 2 0.98 0.43, 1.53 <.001 1.13 .288 11.47 0.02

Craving 2 0.42 −0.15, 1.00 .149 0.04 .846 0.00 0.00

Implicit evaluations/ attention 3 0.33 −0.00, 0.66 .052 1.33 .514 0.00 0.00

Information seeking 1 −0.39 −0.75, 0.03 .032 - - - -

Contentment

Behavior 1 0.23 −0.75, 1.22 .645 - - - -

Intentions 2 −0.01 −0.43, 0.41 .961 0.00 .961 0.00 0.00

Craving 1 −0.25 −0.71, 0.21 .286 - - - -

Attitudes/ evaluations/ expectancies 3 −0.23 −0.54, 0.09 .154 1.37 .503 0.00 0.00

Happiness

Behavior 5 0.00 −0.42, 0.42 .995 6.41 .170 37.61 0.09

Intentions 12 0.02 −0.15, 0.19 .824 5.60 .899 0.00 0.00

Attitudes/ evaluations/ expectancies 10 −0.07 −0.37, 0.24 .674 21.15 .012 57.45 0.13

Implicit evaluations/ attention 2 −0.11 −0.95, 0.73 .802 1.75 .186 42.75 0.16

Information seeking 2 0.38 −0.31, 1.07 .277 0.09 .761 0.00 0.00

Hope

Intentions 2 0.05 −0.26, 0.35 .773 0.78 .376 0.00 0.00

Attitudes/ evaluations/ expectancies 2 −0.08 −0.74, 0.59 .820 3.27 .057 72.43 0.17

Information seeking 2 0.38 −0.30, 1.07 .275 0.42 .518 0.00 0.00

Pride

Behavior 7 0.39 −1.45, 2.23 .676 165.76 <.001 96.38 5.80

Intentions 6 0.04 −0.58, 0.66 .889 20.75 .001 75.90 0.45
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k d 95% CI p Q p (Q) I2 Tau2

Attitudes/ evaluations/ expectancies 5 −0.20 −0.70, 0.30 .429 14.70 .005 72.78 0.22

Implicit evaluations/ attention 2 −0.11 −0.95, 0.73 .802 1.75 .186 42.75 0.16

Surprise

Intentions 2 −0.09 −0.45, 0.26 .605 0.14 .712 0.00 0.00

Note: When an outcome is not listed under a particular affective state, this indicates that no studies targeting that affective state assessed that 
outcome. Significant overall effect sizes are bolded. Significant overall effect sizes are bolded. Asterisks indicate main effects with at least one 
significant moderator.
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