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Abstract

Simultaneous alcohol and cannabis use (SAC) poses greater health risks than using each
substance separately or concurrently. This two-wave prospective study examined (1) the
Theory of Planned Behavior (TPB) capacity to explain the frequency of avoiding SAC
use; (2) whether adding past behavior and habit strength—non-deliberative processes—
improved prediction; and (3) model invariance across sex and college status. A community
sample of 378 young adults (60.3% men, M, =21.02, SD=2.12) completed baseline and
3-month follow-up questionnaires. The TPB explained 55.9% of the variance in intention
and 31.4% in behavior. Adding habit strength and past behavior raised explained variance
to 73.6% and 49.9%. These non-deliberative factors were the strongest predictors, reduc-
ing the effect of traditional TPB components. The model’s predictive capacity was invar-
iant across gender and educational status. While the TPB provides a strong framework
for understanding health-promoting behaviors, our results highlight the importance of
considering both automatic and reasoned processes.
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Alcohol and cannabis use are highly prevalent worldwide (United Nations Office on Drugs
and Crime [UNODC], 2023; World Health Organization [WHO], 2018), especially among
young adults, who often consume both substances simultaneously—a pattern known as
simultaneous alcohol and cannabis (SAC) use. SAC use has steadily increased in recent
years, with U.S. data showing that 20-25% of young adults engage in this behavior (Lee
et al., 2022) and rates reaching up to 70% among those who use both substances (Jackson
et al., 2020; White et al., 2019). Compared to alcohol or cannabis use alone or concur-
rent alcohol and cannabis (CAC) use (i.e., without overlapping effects), SAC use entailed
greater risk (Lee et al., 2022). Among young adults, SAC use is associated with heavier
consumption, increased substance-related consequences, and increased engagement in
risky behaviors, such as impaired driving (Cummings et al., 2019; Duckworth & Lee,
2019; Jackson et al., 2020; Thompson et al., 2021). Understanding and promoting SAC
avoidance is therefore critical.

The Theory of Planned Behavior (TPB; Ajzen, 1991) is a widely used framework for
predicting health-related behaviors (Ajzen, 2011, 2020), emphasizing the role of cogni-
tive processes in health-related decision-making (Conner & Sparks, 2015). Its core prem-
ise (Ajzen, 1991, 2002a) is that behavior (e.g., avoiding SAC use) is primarily predicted
by behavioral intention (e.g., the intention to avoid SAC use). Intentions are, in turn,
shaped by three belief-based constructs: attitudes (positive or negative evaluations of the
behavior), subjective norms (the extent to which an individual believes that important
others would approve or disapprove of the behavior under consideration), and perceived
behavioral control (PBC; beliefs about the ease or difficulty of performing the behavior).
PBC may also exert a direct influence on behavior. The theory further distinguishes two
components within PBC: self-efficacy (confidence in one’s ability to execute the behav-
ior) and perceived control (the perception of having control over executing the behavior)
(Ajzen, 2002a).

Meta-analyses on TPB applications to different behaviors indicate that it reliably pre-
dicts both intention and behavior, explaining 40-50% of the variance in intention and
25-40% in behavior (Armitage et al., 2001; Hagger et al., 2016; McEachan et al., 2011).
Intention consistently emerges as the strongest predictor of behavior, with PBC also play-
ing a significant role. In predicting intention, across a wide range of behaviors, attitude
shows the strongest association, followed by PBC and subjective norms.

Systematic reviews support the TPB’s utility in predicting substance-related behaviors
(see Cooke et al., 2016; Hagger & Hamilton, 2024; Topa & Moriano, 2010), though its
predictive power varies by behavior type—health-risk or health-promoting (Cooke et al.,
2016; Hagger & Hamilton, 2024; McEachan et al., 2011). For instance, the attitude—inten-
tion relationship has been found to be stronger for alcohol-related health-risk behaviors
(e.g., heavy drinking) than for alcohol-related health-promoting behaviors (e.g., alcohol
avoidance), whereas the opposite pattern has been observed for the subjective norms—inten-
tion link (i.e., it resulted stronger for alcohol abstinence than for alcohol intoxication,
Cooke et al., 2016). In this regard, it is particularly relevant to examine how the theory
applies to a health-promoting behavior such as avoiding SAC use.

It is noteworthy that most TPB studies on alcohol and cannabis field have focused on
health-risk behaviors—such as typical frequency or quantity of use (Hagger et al., 2012),
risky drinking patterns (Cooke et al., 2007; Norman, 2011), and substance-related risk
behaviors like driving under the influence of cannabis (Earle et al., 2020). In contrast, rel-
atively few studies have examined the TPB’s ability to explain substance-related health-
promoting behaviors, such as avoiding alcohol use (Ajzen & Sheikh, 2013; Rise & Wil-
helmson, 1998), avoiding excessive alcohol consumption (Gagnon et al., 2012), avoiding
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drinking and driving (Moan & Rise, 2011), or using protective behavioral strategies for
alcohol use (Fernandez-Calderén et al., 2025), ecstasy (Davis & Rosemberg, 2016), and
other substances (Murphy et al., 2021). For instance, Fernandez-Calderén et al. (2025)
found that TPB variables predicted 58—-68% of the intention to use alcohol-related protec-
tive strategies and 18-50% of their use 2 months later, with attitude as the strongest predic-
tor, supporting the TPB’s relevance for health-promoting behaviors. Building on these and
other findings that have identified a similar pattern of relationships for other substance-
related protective behaviors (e.g., Davis & Rosemberg, 2016; Murphy et al., 2021), it is
expected that TPB constructs will also predict the frequency with which individuals avoid
SAC use, with attitudes exerting the strongest influence on intentions, followed by subjec-
tive norms and PBC.

Although widely applied, the TPB has been critiqued for overemphasizing conscious,
deliberative processes. Specifically, it has been argued that many behaviors are not exclu-
sively the result of reasoned decision-making but are also influenced by automatic, non-
conscious processes shaped by past experiences (Conner & Sparks, 2015; Sheeran et al.,
2013), as suggested by dual-process theories (Strack & Deutsch, 2004). Expanding the
TPB to include these non-deliberative processes could enhance its explanatory power
(Hagger et al., 2023). Habit, in particular, has been shown to increase explained variance in
behavior while weakening TPB constructs’ effects (Ferndndez-Calderén et al., 2025; Ham-
ilton et al., 2020; Norman, 2011). For instance, Fernandez-Calder6n et al. (2025) found
that adding habit increased the explained variance in intention by 20% for five alcohol-pro-
tective behaviors. In this regard, it is expected that the inclusion of non-deliberative com-
ponents in the model will enhance the TPB’s ability to explain substance-related health-
promoting behaviors, such as the avoidance of SAC use, while attenuating the influence of
belief-based constructs on intentions (i.e., attitudes, subjective norms, and PBC).

While past behavior is often used as a proxy for habit (Ouellette & Wood, 1998), besides
contributing to habit, it can also influence future behavior by shaping beliefs and intentions
(Ajzen, 2002b; Hagger et al., 2018). Studies incorporating measures of both past behavior
and habit strength show that each independently affects future behavior, with past behav-
ior also exerting indirect effects via habit and TPB constructs (Brown et al., 2020; Hamil-
ton et al., 2020). However, no studies to date have examined both variables in relation to
substance-related health-promoting behaviors, such as the frequency of avoiding SAC use.
Based on the available evidence, both constructs are expected to directly influence the fre-
quency of avoiding SAC use.

Previous research has shown that SAC use is more common and frequent among men
than women (Lee et al., 2022; Tomko et al., 2023). In the substance use domain, although
findings are mixed, sex appears to moderate the relationships among TPB constructs. For
example, in explaining alcohol consumption (a health-risk behavior), the attitude-intention
relationship is stronger among women (Cooke et al., 2016; Kyrrestad et al., 2022). Con-
versely, when predicting the intention to avoid drink driving (a health-promoting behav-
ior), this relationship was significant only for males (Moan & Rise, 2011). Research on
sex invariance in TPB’s predictive power for substance-related health-promoting behaviors
is scarce, with only one study (Ferndndez-Calderén et al., 2025) reporting mixed results:
the model generally functioned similarly for men and women, but the attitude-intention
relationship was stronger for men when total strategies employed was the outcome. These
mixed findings suggest the importance of further investigating potential sex differences in
the way the model explains protective behaviors.

Additionally, it is important to highlight that the college environment shapes young
adults’ normative beliefs, attitudes, and substance use behaviors differently from their
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non-college peers (Merrill & Carey, 2016; Schulenberg & Maggs, 2002). SAC use is more
prevalent among college-educated individuals or current students (Linden-Carmichael
et al., 2020; Patrick et al., 2019), whereas the use of cannabis-related protective strategies
(such as avoiding SAC use) is more common among non-college youth (Sanchez-Garcia
et al., 2024). Research also suggests that college students are exposed to norms promot-
ing higher alcohol and cannabis consumption and riskier behaviors (Arbour-Nicitopoulos
et al., 2010; Graupensperger et al., 2023). Although TPB model invariance by college sta-
tus remains unexplored, a meta-analysis found that education level moderates the effective-
ness of TPB interventions (Steinmetz et al., 2016), being more effective for those with high
school or college education than those with lower educational backgrounds. This under-
scores the importance of examining whether the TPB functions similarly across different
educational levels in explaining substance-related behaviors.

As noted, the TPB’s predictive power varies by behavior type, context, and some soci-
odemographic factors. It is therefore important to examine how TPB constructs function
in explaining substance-related health-promoting behaviors across sex and college status.
Such insights could guide the development of targeted interventions, tailored to group-spe-
cific needs to enhance their effectiveness.

In this way, this two-wave prospective study aimed to (1) examine the explanatory value
of the TPB model (Model 1) in explaining the frequency with which individuals avoid
SAC use; (2) evaluate the explanatory power of an extended TPB model (Model 2) incor-
porating past behavior and habit strength—two measures that reflect implicit processes—in
predicting this health-promoting behavior; and (3) explore whether the explanatory value
of the extended TPB model (Model 2) varies across sex and college status.

Based on prior research, we hypothesize that (1) TPB constructs will predict the fre-
quency with which individuals avoid SAC use (Cooke et al., 2016; Hagger & Hamilton,
2024; McEachan et al., 2011). Attitudes will exert the greatest impact on intentions, fol-
lowed by subjective norms and PBC. Intentions and PBC will directly impact the frequency
of avoiding SAC use at follow-up. Belief-based constructs will have an indirect effect on
future behavior through intentions; (2) the inclusion of past behavior and habit strength in
the model will enhance the explained variance in intentions and actual behavior (Hagger
et al., 2023) and will attenuate the effect of belief-based constructs on intentions (Fernan-
dez-Calderdn et al., 2025; Hamilton et al., 2020). Both constructs will directly affect the
frequency of avoiding SAC use, independent of intentions, and past behavior is expected to
impact the belief-based constructs of the TPB (Brown et al., 2020; Hamilton et al., 2020).
Habit strength will mediate the relationship between the frequency of avoiding SAC use
at baseline and follow-up; and (3) given the mixed findings on the differential explanatory
value of the TPB across sex and college status, no specific predictions were made regard-
ing these variables.

Methods

Participants

Sample size was estimated using the power4dSEM Shiny app. With a significance level of
.05, a minimum sample size of 427 was required to achieve a power of .80 to reject the

null hypothesis of not-good fit (HO: RMSEA >.07) if the extended TPB model exhib-
ited close fit in the population (H1: RMSEA =.01). The final sample size was increased
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by 40% to account for non-response attrition at follow-up. A community-based sample
of 616 young adults residing in Huelva or Seville was recruited. To be eligible, par-
ticipants had to be between 18 and 25 years old and have consumed cannabis at least
once in the last month. Four participants were excluded from the baseline sample due to
inconsistent response patterns, resulting in a final baseline sample of 612.

From baseline sample, 505 (i.e., 82.5%) completed the follow-up assessment 3
months later. No significant differences were found between follow-up participants and
non-participants in terms of sex, age, attitude, subjective norms, perceived control,
and frequency of alcohol use (all ps>.05). However, non-respondents and respond-
ents differed in the quantity and frequency of cannabis use (12.47 vs. 7.66, t=4.392,
p<.001 and 21.23 vs. 17.51, t=3.243, p <.01 for quantity and frequency, respectively),
the quantity of alcohol use (19.74 vs. 15.07, t=2.749, p <.01), self-efficacy (17.56 vs.
18.49, t=2.387, p <.05), intention to avoid SAC use (11.44 vs. 12.91, r=2.244, p < .05),
habit strength (6.99 vs. 8.20, t=2.762, p <.01), and the frequency of avoiding SAC use
at baseline (3.21 vs. 3.66, r=2.527, p<.05). Additionally, non-college students were
more likely to drop out of the study than college students (23% vs. 9%, respectively,
7 =20.1, p<.001).

Of those who completed both assessments, four were excluded for identifying with a sex
other than male or female, as these cases could not be included in the invariance analysis
because the subgroup sample size was too small (n=4). Only participants who reported
using both alcohol and cannabis at both time points were retained for analysis. Thus, the
final analytical sample consisted of 378 young adults (60.3% men) with a mean age of
21.02 years (SD=2.12). When completing the baseline assessment, 46.8% were studying
at university, the main sources of income were family allowance (49.2%) and employment
(34.9%), and 67.5% were cohabitating with their parents. Most participants only stud-
ied (43.1%) or combined study with work (30.7%). The mean number of days of alcohol
and cannabis use in the past month at baseline was 8.8 (§$D=6.9) and 17.8 (§D=10.6),
respectively. Participants consumed an average of 17.5 Standard Drinking Units of alcohol
(8D=15.2) and 7.5 g of cannabis (SD=28.8) in a typical week.

Instruments
Theory of Planned Behavior Constructs (Baseline)

The TPB constructs were assessed using an adapted version of the instrument developed
by Fernandez-Calderén et al. (2025) to measure TPB constructs related to alcohol-related
protective strategies. This instrument follows Ajzen’s (2006, 2013) guidelines and includes
three items for attitudes (e.g., Avoiding mixing cannabis and alcohol is important to me),
three for subjective norms (e.g., Most of my friends think that I should avoid mixing can-
nabis and alcohol), two for perceived control (e.g., When I use cannabis, avoiding mixing
cannabis and alcohol is up to me), three for self-efficacy (e.g., If I wanted to, I would be
able to avoid mixing cannabis and alcohol), and three for intention (e.g., In the next three
months, when I use cannabis, 1 will avoid mixing it with alcohol). Each item is rated on a
7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). Total scores
were calculated for each construct by aggregating individual item scores. Cronbach’s alpha
values were .73 for attitude, .74 for subjective norms, .72 for perceived control, .75 for self-
efficacy, and .91 for intention.
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Habit Strength (Baseline and Follow-Up)

Following the recommendations for using brief measures of habit strength (Gardner
et al., 2024), we employed the two-item habit strength measure developed by Fernandez-
Calderdn et al. (2025). This measure assesses two core components of habitual behav-
ior (Gardner, 2012): automaticity (Automatically, when I use cannabis, I avoid mixing
it with alcohol) and routine (When I use cannabis, it is customary for me to avoid mix-
ing it with alcohol). Each item is rated on a 7-point Likert scale (1 =strongly disagree,
7=strongly agree), and the scores are summed to determine habit strength. This meas-
ure has shown high reliability (@ =.88-.95) in previous studies assessing TPB constructs
for alcohol-related protective strategies (Fernandez-Calderén et al., 2025). In this study,
Cronbach’s alpha values for habit strength at baseline and follow-up were .87 and .89,
respectively.

Avoiding SAC Use (Baseline and Follow-up)

An item from the Protective Behavioral Strategies Scale (PBSS-20; Treloar et al., 2015)
was used to assess the frequency of avoiding SAC use both at baseline (i.e., past behavior)
and follow-up (i.e., actual behavior). Specifically, participants were asked to report how
often they avoided mixing alcohol with cannabis in the past month, using a scale ranging
from 1 (never) to 6 (always).

Cannabis Use Measure (Baseline)

Participants reported the number of days they used cannabis in the past 30 days. The Can-
nabis Use Grid—MUG (Pearson et al., 2023) was used to assess typical weekly quantity,
dividing each day into six 4-h blocks (42 total). Participants recorded grams of marijuana
and hashish consumed per block, aided by images showing reference quantities (0.25-2.5
g) with bottle caps for scale (available in Sdnchez-Garcia et al., 2024). Participants were
instructed to report their use of each substance separately for a typical week in the past
month. Total cannabis use was calculated by summing both substances for a typical week.

Alcohol Use Measure (Baseline)

Participants reported alcohol use frequency (number of drinking days in the past 30 days).
A modified Daily Drinking Questionnaire (DDQ; Collins et al., 1985) assessed typical
weekly consumption. Using images of six beverage types, participants indicated drinks per
day during a typical week. Reported amounts were converted into Standard Drinking Units
(SDU; 1 SDU =10 g pure alcohol; Rodriguez-Martos et al., 1999).

Procedure

Recruitment was conducted using a targeted sampling procedure (Watters & Biernack,
1989) between June 2022 and July 2023 and occurred in two phases. First, qualitative
interviews with cannabis-using young adults identified key locations (e.g., parks, party
areas) across different districts in Seville and Huelva for reaching potential partici-
pants. Then, three psychologists with psychosocial research experience visited these
districts and sites and approached individuals who, apparently, met the established
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age criteria (i.e., 18-25 years old). To ensure privacy during the initial face-to-face
contact, recruiters met participants in secluded areas and asked about their age and
whether they had used cannabis in the past year. Those who reported cannabis use in
the past year and agreed to participate were later contacted by telephone to confirm
their eligibility based on the cannabis use criterion (i.e., using cannabis at least once
during the previous 30 days).

This sampling strategy was supplemented by two additional approaches. First, posters
with study information were displayed in selected locations. Second, snowball sampling
(Goodman, 1961), as part of the targeted sampling procedure (Vervaeke et al., 2007),
was utilized to recruit participants meeting the inclusion criteria. Each participant could
nominate up to five peers, limiting nominations to prevent sample homogeneity. Sam-
pling characteristics (i.e., age, gender, college status, and cannabis use frequency) were
monitored to adjust recruitment and ensure heterogeneity. Of the baseline sample, 22.0%
were recruited directly, 32.5% via nominations, and 45.5% responded to posters.

For the 3-month follow-up, a mixed-methods approach (Dillman et al., 2014) was
applied to maximize response rates, a strategy previously shown to be effective (Fernan-
dez-Calderdn et al., 2022, 2025). Participants received a WhatsApp pre-notification 1 week
before their scheduled follow-up, informing them that they would receive a call in 2-3 days
to schedule a face-to-face appointment within the following 3—7 days. Non-respondents
were contacted twice more: via WhatsApp (2-3 days later) and by phone call (2-3 days
after the WhatsApp message).

Consistent procedures were used at baseline and 3-month follow-up. On both occasions,
participants provided written informed consent before completing a self-administered
paper-and-pencil questionnaire individually or in small groups (maximum of five people)
in designated rooms at the University of Huelva and collaborating organizations in Seville
specialized in substance-related issues. An interviewer was present to assist as needed. Par-
ticipants received a €15 Amazon voucher per session as compensation.

All study protocols were approved by the Regional Committee for Bioethics Research
of Andalusia (Regional Ministry of Health, Andalusia, Spain) under code 0283-N-22 and
comply with APA ethical standards for human research.

Data Analysis

Descriptive analyses and correlations were conducted using SPSS v24 (IBM Corp, 2016).
Two separate path analyses were conducted using Mplus 7.0 (Muthén & Muthén, 2015) to
test the hypothesized model relationships. Model 1 assessed the original TPB framework
as a predictor of SAC avoidance frequency. Model 2 extended this framework by including
past behavior and habit strength. All direct and indirect effects tested are depicted in Fig. 1.
Mediation was assessed using the bootstrapping approach recommended by Hayes (2013),
with 10,000 bootstrap samples to generate confidence intervals for indirect effect tests. In
both models, we controlled for age, as well as baseline frequency and quantity of alcohol
and cannabis use, by including these variables as covariates.

The path analysis models were estimated using the robust Maximum Likelihood (ML)
method. Model goodness-of-fit was assessed through chi-square and additional indices that
are less sensitive to sample size, including the comparative fit index (CFI), the Tucker—Lewis
index (TLI), the standardized root mean square residual (SRMR), and the root mean square
error of approximation (RMSEA). A cut-off value of .90 or above for the CFI and TLI is
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Frequency of
! avoiding SAC use
Past
. (follow-up)
Behavior

[ Habit strength AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA Habit strength
(baseline) (follow-up)

Fig. 1 Tested models, Note: Solid lines represent effects analyzed in the original (Model 1) and extended
(Model 2) TPB models. Dotted lines indicate relationships examined only in the extended TPB model
(Model 2)

indicative of an acceptable model, and values approaching .05 and .08 or less for the SRMR
and RMSEA, respectively, are deemed satisfactory for a well-fitting model (Kline, 2005).

Finally, to assess the potential invariance of the extended Model 2 across sex and col-
lege status, a multigroup path analysis was employed. First, we tested Model 2 separately
for men (n=228) and women (n=150), as well as for college (n=177) and non-college
(n=201) students, to determine whether the model provided a good fit within each sub-
group. The multigroup path analysis began with a baseline model without constrained
parameters in each case. Next, constraints were applied to the model (testing for invariance
of regression parameters). To establish invariance, both models must demonstrate an ade-
quate fit, and the difference in fit between them should not be statistically significant. The
scaled difference test proposed by Satorra and Bentler (2010) was employed to compare
robust chi-square values.

Results
Descriptive Data and Bivariate Analysis
Table 1 presents descriptive statistics and correlations among the study variables. All cor-

relations were statistically significant. The strongest correlations with follow-up behavior
were observed for intention, follow-up habit, past behavior, and baseline habit.

Path Analysis Models

The original TPB model (Model 1) showed a good fit to the data (y*=5.432, df=2,
p=.066, CF1=.995; TLI=.886; SRMR=.012; RMSEA =.068). The model explained
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Table 1 Descriptive and correlation analysis of study variables

Construct (potential M (SD) 1 2 3 4 5 6 7 8
rank)

1. Attitude (3-21) 13.97 (4.63) -
2. Injunctive norm 12.72 (4.65) 542" -

(3-21)
3. Behavioral control  12.82 (2.07) 226" .144™

(2-14)

4. Self-efficacy 18.32(3.48) 2427 139 617"
(3-21)

5.Intention (3-21) 1242 (5.75) .705™" 488" 254™" 298
6. Past behavior (1-6) 3.44 (1.53) 456" .348™" 2517 243" 546"

7. Baseline habit 7.90 (3.94) 677" 448" 283" 347" 827" 582"

(2-14)

8. Follow-up habit 7.98 (4.21) 548" 401 213" 221" 638" 5217 652"

(2-14)

9.Frequency of 359 (1.6) 426" 3377 146" 176" 532" 529" 5277 658"

avoiding SAC use
at follow-up (1-6)

Note: M mean, SD standard deviation, ***p<.001, *p<.01

55.9% and 3.4% of the variance in the intention to avoid SAC use and the frequency of
avoiding SAC use at follow-up. As illustrated in Fig. 2 (upper section), among the TPB
constructs, only attitudes and subjective norms were positive and significantly related to
intention, while neither perceived control nor self-efficacy demonstrated significant asso-
ciations. Finally, the intention to avoid SAC use was positive and significantly related to
the frequency with which individuals avoided SAC use 3 months later.

Model 2, which incorporated past behavior and habit strength, also showed a good fit to the
data (y*=22.354, df=8, p<.01; CFI=.991; TLI=.906; SRMR =.018; RMSEA =.069). The
explained variance was 73.6% for intention and 49.9% for behavior. As seen in Fig. 2 (bot-
tom), adding past behavior and habit strength to the model attenuated the attitudes—intention
relationship and nullified the subjective norms—intention relationship. Attitudes were the only
TPB construct significantly associated with intention. Past behavior was significantly related
to all constructs within the model except for intention. Habit strength at baseline showed sig-
nificant relationships with behavioral intention and follow-up habit. The frequency of avoiding
SAC use at follow-up showed significant direct relationships with intentions, past behavior,
and habit strength at follow-up.

Focusing on the indirect effects, we found no indirect effect of attitudes, subjective norms,
perceived control, and self-efficacy on behavior through intention, nor indirect effects of past
behavior on actual behavior through belief-based constructs and intentions (all ps>.05). We
did find indirect effects of baseline habit on the frequency of avoiding SAC use at follow-up,
mediated by follow-up habit (f=.241, p<.001) and intention (#=.065, p <.05). Additionally,
a statistically significant indirect effect of past behavior on follow-up behavior through habit at
both time points (f=.128, p <.001) was found.
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Attitude .582%**
RZ= .559 R2=.314
Subjective 130%+* . 493%* Frequency of
Norm Intention avoiding SAC use
(follow-up)
-.001 .01
Perceived -009
Control
.08
Self-Efficacy

Standardized parameter estimates and probability statistics for path analysis of the original TPB model (Model 1)

. .053 219%*
*% Attitude 230*
425 R2=.499
R%2=.736
Frequency of
*%
315** Su:‘j:ﬂve 069 Intention 111 avoiding SAC
Past. use (follow-up)
Behavior 175%* -.01 ~.038
Perceived
Control -.00 014
154%* ’ -
Self- ’
Efficac .588%*
533%*
Habit strength .514** Habit strength
(baseline) (follow-up)
.207**

Standardized parameter estimates and probability statistics for path analysis of the extended TPB model (Model 2)

Note: ““p<.001; “"p<.01; p<.05

Fig.2 Standardized parameter estimates and probability statistics for path analysis in the original and
extended TPB models. Note: ““p <.001; “p<.01; "p<.05

Model Invariance Across Sex and College Status

First, model fit was evaluated separately for each subgroup (males/females and college/
non-college students). As shown in Table 2, the fit indices for each group were satisfac-
tory. The multigroup analysis without constraints also indicated adequate fit values. The
comparison between the unconstrained and constrained models revealed no significant dif-
ferences, suggesting that the model is invariant across sex (Ay>=20.512, Adf=14, p> .05)
and college status (Ay*=13.241, Adf=14, p> .05).

Discussion
This study supports the TPB’s utility in explaining how often young adults who use alcohol

and cannabis avoid SAC use. Incorporating non-deliberative predictors (past behavior and
habit strength) into an extended TPB model significantly improved the explained variance
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of both intention and actual behavior, with these factors emerging as the strongest predic-
tors. Their inclusion also reduced the influence of deliberative TPB components. Further,
the predictive capacity of this extended TPB model remained invariant across sex and col-
lege status, suggesting that TPB-based interventions may be similarly effective across these
sociodemographic groups.

Consistent with previous meta-analyses on the TPB’s predictive value for health-pro-
moting behaviors (Albarracin et al., 2001; Hagger et al., 2002, 2016; McEachan et al.,
2011), the original TPB model accounted for 55.9% of the variance in intention and 31.4%
in the actual avoidance of SAC use. As hypothesized, attitudes emerged as the most signifi-
cant explanatory factor of intentions, supporting prior research on their key role in explain-
ing substance-related protective behaviors, such as avoiding binge drinking (Gagnon et al.,
2012) and utilizing protective behavioral strategies for alcohol use (Ferndndez Calderén
et al., 2025) and ecstasy use (Davis & Rosenberg, 2016). Given the effectiveness of inter-
ventions targeting attitudes across diverse health contexts (Steinmetz et al., 2016), these
findings further emphasize their relevance as a promising target for future interventions in
promoting SAC avoidance.

Subjective norms also significantly predicted intention to avoid SAC use, though with a
weaker effect, and only within the original TPB model. This aligns with previous reviews
(e.g., Armitage & Conner, 2001; Hagger et al., 2002; McEachan et al., 2011) showing that
subjective norms are more predictive of health-risk behaviors than of health-promoting
behaviors (e.g., avoiding SAC use). Furthermore, the weak effect of subjective norm in our
study may be explained by the fact that others’ approval tends to be more influential during
adolescence and declines with age (Hagger et al., 2022; McEachan et al., 2011).

Contrary to our hypothesis, PBC was not significantly associated with intention or
behavior. This partially aligns with studies where PBC failed to explain ecstasy protec-
tive behaviors (Davis & Rosenberg, 2016) or in predicting the use of protective behav-
ioral strategies for alcohol, particularly when non-conscious components were considered
(Fernandez Calderén et al., 2025). Some authors suggest that PBC may function better as
a moderator rather than a direct predictor of the attitude-intention, subjective norms-inten-
tion (Ajzen, 2020; La Barbera & Ajzen, 2020), or intention-behavior relationships (Hagger
et al., 2022), a possibility that future research should explore.

Consistent with previous research (Hagger et al., 2016, 2023), adding habit strength and
past behavior into the model increased the explained variance in intention (from 55.9%
to 73.6%) and in the frequency of avoiding SAC use (from 31.4% to 49.9%). As expected
(Brown et al., 2020; Fernandez-Calderén et al., 2025; Hamilton et al., 2020), incorporating
non-deliberative constructs attenuated, or even nullified, the effect of deliberative compo-
nents of the theory: the attitude-intention link was nearly three times weaker and the inten-
tion-behavior association dropped to about one-fifth of its original strength in the extended
model. Meanwhile, and in line with prior findings on health-promoting behaviors (Brown
et al., 2020; Fernandez-Calderén et al., 2025), habit emerged as the strongest predictor of
behavior, with its coefficient being twice that of past behavior and four times greater than
that of intention. This pattern aligns with dual-process models (Strack & Deutsch, 2004)
and emphasizes that the decision to avoid mixing alcohol with cannabis seems to occur
under conditions of limited deliberation.

Interestingly, habit may serve as a potential intervention target, with habit formation,
modification, and substitution playing a crucial role in discontinuing unwanted behaviors
or replacing them with more desirable alternatives (Gardner & Rebar, 2019). Multiple
behavior change techniques, such as planning, setting behavioral goals, reminders, and
self-monitoring, encourage context-dependent repetition, enhance motivation and action
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control, and contribute to habit formation and change (Gardner & Rebar, 2019; Michie
et al., 2013).

The observed direct and indirect past behavior-TPB constructs relationship suggests
that, at least for avoiding SAC use, past behavior may influence future behavior through
at least three distinct pathways. First, as proposed by Ajzen (2002b), past behavior con-
tributes to the formation of beliefs (i.e., attitudes, subjective norms, self-efficacy, and per-
ceived control) that shape future actions, reinforcing the deliberate pathway—a mechanism
supported by our findings. Second, based on the premise that repeated behavior in sta-
ble contexts contributes to habit formation, the observed indirect effect suggests that past
behavior impacts future behavior via habit formation (Gardner & Rebar, 2019; Ouellette
& Wood, 1998), emphasizing its role as an important—though not exclusive—component
of this process. However, habit did not fully mediate the past-future behavior relationship,
indicating that the frequent enactment of the behavior does not always develop into habits.
This suggests a third possible pathway involving additional unmeasured factors, including
both deliberative (e.g., descriptive and moral norms; Ajzen, 2020; Manning, 2009) and
non-deliberative processes (e.g., implicit attitudes and impulsivity; Hamilton et al., 2020).

Finally, the extended TPB model showed invariance across sex and educational sta-
tus. While sex differences in the TPB’s predictive power for substance-related behaviors
have been reported (Cooke et al., 2016; Kyrrestad et al., 2022; Moan & Rise, 2011), our
results partially align with Ferndndez-Calderén et al. (2025), who reported similar model
functioning for men and women in models incorporating non-deliberative components in
explaining protective behaviors. Moreover, although prior evidence suggests differences
in SAC use (Linden-Carmichael et al., 2020) and some TPB components, such as social
norms (Carter et al., 2010; Quinn & Fromme, 2011), between college and non-college
students, our findings indicate no differences in model performance. To our knowledge,
this is the first study to examine TPB invariance in substance-related protective behaviors
across educational status. Taken together, these results suggest that interventions based on
the TPB model could be equally effective across these sociodemographic groups. However,
future studies should replicate these findings in other contexts and populations and further
examine their applicability to additional dimensions of diversity (e.g., ethnicity, socioeco-
nomic status). Such analyses would provide a more comprehensive understanding of the
generalizability of TPB-based interventions across diverse populations.

Despite the valuable insights provided, this study has several limitations. The use of
non-probabilistic sampling limits generalizability, and reliance on self-reported measures
may have introduced memory or social desirability bias (Armitage & Conner, 2011). Fur-
thermore, the 3-month lag between measuring intention and behavior may have weakened
associations between TPB constructs. Although our results still showed strong predictive
power, the model appears to be more explanatory in the short term (Hagger et al., 2023).
Finally, habit was assessed using a two-item measure (Fernandez-Calderén et al., 2025).
Although one of the items used aligns with Gardner et al.’s (2024) recommendation for
brief and credible measures of habit strength, the instrument used has been shown to mod-
erate the habit-behavior relationship (Hagger et al., 2023). Employing multi-item measures
of habit strength (e.g., Self-Report Habit Index, Verplanken & Orbell, 2003) could provide
a more comprehensive assessment of the construct in future studies.

Despite these limitations, our findings highlight that while the TPB is a strong frame-
work for understanding health-promoting behaviors, habit strength—a non-deliberative
process—was identified as the primary predictor of SAC avoidance. However, conscious
processes still matter, as reflected in the attitude—intention and intention—behavior links.
The model’s invariance across sex and college status suggests that TPB-based interventions
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could be broadly applicable across these sociodemographic groups. By highlighting the
central role of automatic processes, this study advances theoretical understanding and pro-
vides insights for more effective strategies to modify substance-related behaviors.

From a policy perspective, our findings emphasize that while changing attitudes is a
valuable pathway for promoting SAC avoidance, interventions may be more effective
when complemented with strategies that promote context-dependent repetition of protec-
tive behaviors and foster habit formation (i.e., that incorporate non-deliberative processes).
Thus, beyond focusing on changing beliefs and increasing knowledge (Steinmetz et al.,
2016), policies that integrate habit-formation principles (e.g., cues, reminders, environ-
mental restructuring) into community and campus-based programs may enhance the long-
term sustainability of behavior change. For professional practice, integrating motivational
components with behavior change techniques such as implementation intentions, action
planning, and self-monitoring (Gardner & Rebar, 2019; Michie et al., 2013) may help con-
solidate protective strategies as automatic routines. To conclude, integrating both reasoned
and automatic processes, interventions may achieve greater effectiveness and durability in
reducing the risks associated with SAC use.
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