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Abstract

Background: Developmental context is related to the propensity to engage in alcohol use, the 

rate at which alcohol use changes, and the relevance of different risk factors to alcohol use 

disorder (AUD). Therefore, studies of change should consider developmental nuances, but change 

is often modeled to follow a uniform pattern, even across distinct developmental periods.

Methods: This study implemented a novel analytic approach to delineate developmental periods 

of alcohol behavior (n=478, ages 18-35). This approach was further leveraged to examine age-

related shifts in the association of impulsivity risk factors (lack of planning, general sensation 

seeking, alcohol enhancement expectancies) with alcohol behavior (alcohol quantity*frequency, 

heavy drinking, AUD).

Results: A sequence of exploratory and confirmatory latent growth models (LGMs) suggested 

modeling separate linear change factors for alcohol behavior during the primary college (ages 

18-21) and post-college years (21-35). Bivariate LGMs estimated correlations for alcohol behavior 

changes with lack of planning, sensation seeking, and enhancement expectancies during these 

periods. The rate at which heavy drinking changed during the college years was positively 

correlated with general sensation seeking and lack of planning during this period (rs=.61–.63). 

These correlations were significantly weaker during the post-college years (rs=.29–.34). Notably, 

the rate of change in alcohol behavior was strongly correlated with enhancement expectancies 

during the college (r=.45–.70) and post-college years (r=.45–.61).

Conclusions: These findings highlight the importance of sensation seeking and lack of planning 

with regard to adult alcohol use, particularly in a college environment. There was also a strong link 

between the rates of change in alcohol behavior and enhancement expectancies across all waves.

This study supports the utility of exploratory LGMs for delineating developmental periods of 

alcohol behavior, which are characterized by different processes.
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Change is often examined as a single event that follows a uniform pattern (e.g., linear 

change across a given timeframe), but changes more likely fluctuate across developmental 

periods. For example, drinking patterns may be affected by subtle changes, such as 

maturation/aging and increasing responsibilities, as well as by stark changes, such as role 

transitions and moving in/out of environmental contexts (Dawson et al., 2006, Lee et al., 

2015, Quinn and Fromme, 2011). As a result, normative and problematic alcohol use may 

increase/decrease, and the rates of those changes may shift based on a person’s 

developmental context (Deboeck et al., 2015). For similar reasons, risk factors likely vary in 

importance across the lifespan, such as familial and peer influences (Boyd et al., 2014). 

Thus, rather than assuming uniform change across many years, it is critical to consider the 

nuances of development when modeling change and assessing the correlates of alcohol 

behavior. Here, we apply a novel, data-driven analytic approach to identify developmental 

periods of alcohol use in adulthood (ages 18–35) and examine the relevance of impulsivity 

risk factors (lack of planning, general sensation seeking, alcohol enhancement expectancies) 

to alcohol use during these periods.

Emerging adulthood comprises the most substantial fluctuations in alcohol use of any 

developmental period (Sher and Gotham, 1999). Steep increases in alcohol use and problems 

are frequent in emerging adulthood, particularly among college attendees (Slutske, 2005), 

followed by a “maturing out” of problematic use as occupational and familial obligations 

take priority (Lee et al., 2015, Littlefield et al., 2010, Winick, 1962). It is possible that 

certain developmental contexts, such as college, provide ample opportunity to drinking. As a 

result, the college environment may lead to elevated drinking, particularly for those who are 

prone to risk-taking and heavy alcohol use (e.g., high in sensation seeking, low in impulse 

control). Therefore, risk factors may vary in their importance to alcohol use and problems 

across the developmental contexts of adulthood. Understanding how individual differences 

underlie alcohol behavior changes during emerging and young adulthood may help identify 

relevant targets of interventions during these distinct developmental periods.

Individual differences in the impulsivity facets sensation seeking and lack of planning are 

associated with problematic alcohol use (Casey et al., 2008, Stacy and Wiers, 2010, Wiers 

and Stacy, 2006). Further, distinct trajectories have been observed for sensation seeking and 

impulse control (similar to lack of planning) via self-report, behavioral, and neuroimaging 

assessments (Casey et al., 2010, Harden and Tucker-Drob, 2011, Steinberg, 2010). Whereas 

sensation seeking increases rapidly during adolescence until around age 15–17 (Littlefield et 

al., 2016, Pedersen et al., 2012, Romer and Hennessy, 2007, Steinberg et al., 2008), impulse 

control increases gradually from adolescence through emerging adulthood (Harden and 

Tucker-Drob, 2011). These developmental patterns may underlie shifts in risk-taking and 

alcohol behavior that occur in emerging adulthood.

Although impulse control and sensation seeking follow distinct developmental trajectories, 

their curvilinear change is moderately correlated (r=.41; Harden and Tucker-Drob, 2011). 
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Specifically, sensation seeking continues to change after adolescence, albeit at a slower rate, 

while impulse control plateaus after emerging adulthood. Additionally, the correlated linear 

change among these constructs may be conditional on how quadratic change is modeled (for 

modeling considerations, see King et al., 2017, Littlefield et al., 2014). Thus, understanding 

how changes in impulsivity facets are related to each other and other constructs likely 

depends on how change is modeled. For example, models of change may be best fit within 

distinct developmental periods, such as before/after periods of pronounced change, rather 

than as trajectories that span distinct developmental periods.

Impulsivity facets are also related to alcohol behavior changes. A prior study of the current 

sample found that linear changes in alcohol use, from ages 18 to 35, are correlated with 

linear changes in disinhibition (i.e., lack of impulse control, r=.42; Littlefield et al., 2009). 

Similarly, findings from a nationally-representative sample, spanning ages 15–26, suggested 

that linear changes in alcohol use are correlated with changes in impulsivity (r=.28) and 

sensation seeking (r=.15; Quinn and Harden, 2013). However, examining these relations in 

more narrowly defined periods may provide a more fine-grained understanding of how 

impulsivity facets relate to alcohol behavior across the lifespan (Grimm and Ram, 2018).

To characterize the developmental patterns of alcohol behavior and identify relevant risk 

factors across adulthood, data-driven analytic approaches may be preferable to purely 

theoretical approaches that assume, a priori, patterns of change. To accomplish this, Grimm 

and colleagues (2013) proposed an exploratory growth modeling approach to assess the 

pattern of freely estimated loadings across multiple assessments for a given construct, 

instead of constraining factor loadings to indicate a specific pattern of change. Loadings 

may, for example, indicate a linear change, quadratic change, or piecewise change process. 

Based on the change process(es) identified in an optimally fitting exploratory model, 

confirmatory models can fit those change process(es) and examine how they relate to 

different risk factors. For example, alcohol behavior may change at different rates over time, 

depending on the developmental period, and risk factors may vary in their relevance over 

time as well.

In addition to considering how to model change, it is worth examining how constructs are 

assessed with regard to a given behavior. In particular, it may be useful to assess constructs, 

such as facets of impulsivity, specific to a given behavior, such as alcohol behavior. For 

example, sensation seeking, broadly, is defined as the tendency to seek “varied, novel, 

complex, and intense” experiences (Zuckerman, 1994, p. 27). Alcohol enhancement 

expectancies are a conceptually related construct and indicate individual differences in the 

rewards that one expects from drinking (e.g., increased enjoyment, excitement, sociability) 

(Sher, 1985, Thush et al., 2008). That is, sensation seeking indicates the tendency to pursue 

rewarding experiences, and alcohol enhancement expectancies indicate the degree to which a 

person anticipates that drinking, specifically, will be rewarding. Despite sensation seeking 

and enhancement expectancies being conceptually similar, they are only weakly correlated 

in prior studies, which may suggest that they are distinct risk constructs (r=.22–.23 for 

enhancement expectancies with Zuckerman Sensation Seeking subscales; Finn et al., 2000). 

Thus, it may be beneficial to assess how general measures of impulsivity, such as sensation 
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seeking, and alcohol-specific measures of impulsivity, such as enhancement expectancies, 

relate to alcohol behavior cross-sectionally and across developmental contexts.

The current study examined the relation between alcohol behavior changes (alcohol use, 

heavy drinking, AUD) and impulsivity facets (lack of planning, general sensation seeking, 

alcohol enhancement expectancies). These risk factors were assessed seven times, from ages 

18–35, to examine how they relate to normative and problematic use during the formative 

years of alcohol behavior. Four assessments were administered annually during the college 

years (ages 18-21) and three assessments during early adulthood (ages 25–35). First, 

exploratory latent growth models (LGMs) were applied to identify the best-fitting change 

structure of each construct, such as linear/quadratic or piecewise change. Informed by 

exploratory models, confirmatory models estimated correlated changes between alcohol 

measures (use and AUD symptoms) and risk factors (lack of planning, sensation seeking, 

and enhancement expectancies). We hypothesized that the slopes (i.e., rate of change) of 

alcohol behavior would be positively correlated with the slopes of lack of planning, 

sensation seeking, and enhancement expectancies. Further, we hypothesized that these 

correlations would be most pronounced during emerging adulthood, when alcohol behavior 

is rapidly changing and reaches its peak for many individuals.

Method

Participants

Participants were 489 first-year college students (Caucasian=93%; female=52%; M 
age=18.2) who were enrolled in the Alcohol, Health, and Behavior Study (AHB) and 

followed for six additional waves (ages 19, 20, 21, 25, 29, 35). All data were collected when 

the legal drinking age was 21. At the last wave, 78% of the initial sample had been retained. 

Participants who abstained from alcohol use across all seven waves (n=6) and those who had 

missing data on all self-report measures were excluded from analyses (n=5), resulting in 478 

participants. Participants with a family history of alcohol use disorder (AUD) were 

overrecruited (51%; see below). The Institutional Review Board at the University of 

Missouri approved the study procedures (protocol 02-02-090, “Long-Term Consequences of 

Collegiate Alcohol Involvement”).

Measures

Family History of AUD.—Family history of AUD was based on responses to adaptations 

of the Short Michigan Alcoholism Screening Test for paternal and maternal drinking 

problems (Crews and Sher, 1992) and the Family History-Research Diagnostic Criteria 

interview (Endicott et al., 1978). Criteria for an AUD family history were: 1) paternal 

drinking problems were scored four or higher on the Short Michigan Alcoholism Screening 

Test, and 2) Family History-Research Diagnostic Criteria for alcoholism (Sher et al., 1991). 

Participants were considered to have no AUD family history if: 1) no first-degree relative 

received a diagnosis of an AUD or antisocial personality disorder; and 2) there was no AUD 

or other substance use disorder in a second-degree relative. Sex and AUD family history 

were modeled as exogenous variables in all bivariate LGMs to control their potential 

influence on alcohol behavior and personality.
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Alcohol Behavior.—Alcohol behavior was measured by normative use (quantity and 

frequency) and heavy drinking (i.e., intoxication and binge drinking frequency). Normative 

use was measured using alcohol quantity-frequency (QF; Jackson and Sher, 2006), the 

typical quantity (average drinks per drinking occasion) multiplied by the frequency of 

drinking (per week). Heavy drinking was measured by a composite comprised of the 

frequencies of getting “a little high or light-headed on alcohol,” “drunk (not just a little 

high),” and binge drinking (“5 or more drinks”) in the previous 30 days. Items comprising 

the heavy drinking composite have demonstrated adequate internal consistency in the AHB 

(α = .80 - .90; Piasecki et al., 2005, α=.91; Sher et al., 1991).

The AUD section of the Diagnostic Interview Schedule provided a past-year AUD symptom 

count (DIS-IIIA, Robins et al., 1985). The DIS is a semi-structured interview for psychiatric 

diagnostic information. At Wave 1, the DIS was based on the Diagnostic and Statistical 

Manual of Mental Disorders, Third Edition (DSM-III; American Psychiatric, 1980). In 

subsequent waves, newer versions of the DIS were employed as they became available for 

the DSM-III-R (Robins et al., 1989) and DSM-IV (Robins et al., 1995). To maintain 

compatibility in how AUD was operationalized and diagnosed across waves, earlier DIS 

questions were included with the updated DIS version in later waves.

All alcohol variables were non-normally distributed (alcohol QF: skewness=10.4, 

kurtosis=148.5; heavy drinking: skewness=4.0, kurtosis=18.5; AUD: skewness =3.0 , 

kurtosis=11.5). These variables were binned and analyzed with a threshold model, which has 

been shown to yield unbiased estimates when applied to non-normally distributed data 

(Derks et al., 2004). For AUD, binning was based on DSM5 symptom cutoffs to indicate 

absent (0-1 endorsed symptoms; Wave 1=45.2%, Wave 7=86.4%), mild AUD (2-3 

symptoms; Wave 1=34.7%, Wave 7=9.8%), moderate AUD (4-5 symptoms; Wave 1=15.3%, 

Wave 7=2.5%), and severe AUD (6+ symptoms; Wave 1=4.8%, Wave 7=1.4%). For 

consistency, alcohol QF and heavy drinking were also binned into four categories. 

Thresholds for these categories were chosen to approximate the percentiles observed for 

categories of AUD. For alcohol QF, categories were: 0-6 drinks per week (Wave 1=60.3%, 

Wave 7=82.0%); 7-13 drinks per week (Wave 1=21.6%, Wave 7=10.4%); 14-27 drinks per 

week (Wave 1=13.4%, Wave 7=6.5%); and 28+ drinks per week (Wave 1=4.6%, Wave 

7=1.1%). For the heavy drinking composite, categories of heavy drinking frequency in the 

previous 30 days were: no more than once (Wave 1=35.1%, Wave 7=71.9%); less than 

weekly (Wave 1=44.3%, Wave 7=22.3%); up to three times per week (Wave 1=17.4%, Wave 

7=4.4%); more than three times per week (Wave 1=3.2%, Wave 7=1.4%).

Risk Factors.—The Eysenck Personality Inventory (Eysenck and Eysenck, 1975), 

Eysenck Personality Questionnaire (Eysenck and Eysenck, 1968), and selected scales from 

the Minnesota Multiphasic Inventory-II (Hathaway and McKinley, 1943) were administered 

at all seven waves to assess lack of planning and sensation seeking (Sher et al., 1991). These 

measures consisted of dichotomous (true-false, yes/no) questions regarding individual 

tendencies. Mean responses across items were used in analyses, indicating a endorsement 

rate for lack of planning and sensation seeking.
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Four items assessed lack of planning: 1) “I do and say things without stopping to think;” 2) 

“I often do things on the spur of the moment;” 3) “I think things over before doing 

anything;” 4) and “I am usually carefree.” These items are from a 10-item measure 

previously analyzed from Waves 1, 5, 6, and 7 of this sample (Littlefield et al., 2009). These 

four items were chosen because they were administered at all seven waves (all 10 items were 

only assessed at Waves 1, 5-7). Given the scaling of these items, this measure indicated a 

lack of planning. That is, higher scores indicate less impulse control and greater impulsivity.

Sensation seeking was assessed with measures of general sensation seeking (general 

sensation seeking [SS]) and alcohol-reward seeking (alcohol expectancies). Four items 

assessed general sensation seeking: 1) “I often long for excitement;” 2) “At times I have a 

strong urge to do harmful, shocking things;” 3) “(I) would do almost anything for a dare;” 

and 4) “I have never done anything dangerous for the thrill of it (reverse scored).”

At each wave, nine items assessed alcohol enhancement expectancies to measure alcohol-

specific sensation seeking (Sher et al., 1996, Kushner et al., 1994). Participants were asked 

to choose “how much (they) expect” various effects from drinking on a five-point Likert-

type scale (0=“Not at all,” 4=“A lot”). Representative enhancement expectancy items 

include “Drinking makes many activities more enjoyable,” “Drinking makes celebrations 

more enjoyable,” and “Drinking can be exciting” (see supplemental material for all items). 

A mean score for responses on the nine enhancement expectancy items was computed, 

resulting in a 0-4 score (0=responding “Not at all” to all items”, 4=“A lot” to all items).

Analytic Procedures—LGMs were conducted to examine the nature of change and co-

development of alcohol behavior (alcohol QF, heavy drinking, AUD) and impulsivity risk 

factors (lack of planning, general sensation seeking, enhancement expectancies) (Meredith 

and Tisak, 1990). Additionally, these models examined whether changes in risk factors are 

correlated with alcohol behavior. Analyses were conducted in three steps: 1) exploratory 

LGMs informed the number of growth factors to fit; 2) confirmatory LGMs identified the 

best-fitting growth structure for each measure; and 3) bivariate LGMs estimated the 

correlations between the intercept and slope (i.e., rate of change) factors for impulsivity risk 

factors and alcohol behavior. All analyses were conducted in Mplus, and model scripts were 

produced using the MplusAutomation package in R (Hallquist and Wiley, 2018, Muthén and 

Muthén, 1998). Missing data were handled using full-information maximum likelihood, 

which is preferable to other methods (e.g., listwise deletion) even when certain assumptions 

are not met (e.g., data missing at random; see Graham, 2009).

Exploratory LGMs.—We used a two-step approach to measure the change in impulsivity 

risk factors and alcohol behavior, from ages 18–35 (Grimm et al., 2013). First, a sequence of 

exploratory models was conducted to determine the number of growth factors that best fit 

change for each measure: 1) a tau-equivalent, random intercept model (all loadings fixed to 

one); 2) a 1-factor model (all loadings freely estimated); 3) an intercept + 1-factor model 

(one factor with all loadings fixed to one, one factor with all loadings freely estimated); 4) a 

2-factor model (two factors with loadings freely estimated); and 5) an intercept + 2-factor 

model (one factor with all loadings fixed to one, two factors with all loadings freely 

estimated). Modeling a freely estimated factor indicates an unconstrained pattern of change 
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across assessments. Modeling a random intercept indicates individual differences in the 

modeled variable across assessments (e.g., the tendency for low/high alcohol use). When 

including an intercept with a freely estimated factor, the freely estimated factor loadings 

indicate change relative to the intercept. Within a confirmatory model (below), growth factor 

loadings indicate individual differences in change relative to a reference point. For example, 

the measured variable at the first assessment is most often the reference point, and the 

growth factor loadings indicate change relative to the first assessment.

All exploratory latent growth factor correlations were fixed to zero to aid model convergence 

and secure a mathematically identified solution. Further, no specific functional form was 

imposed on the non-intercept factors, and loadings were freely estimated using the “(*1)” 

specification in Mplus to indicate that exploratory factors are being estimated. This allowed 

the loading patterns to inform how to model change in confirmatory LGMs. This approach 

has been described as “right-sizing” models to longitudinal data, instead of assuming change 

follows a predetermined pattern (Wood et al., 2015).

Confirmatory LGMs.—After a factor structure was chosen, model fit was compared to 

determine whether change was best measured by concurrent growth processes (e.g., linear 

and quadratic change) or separate growth processes (e.g., piecewise change). Correlations 

among the slopes were fixed to zero.

Bivariate LGMs.—The degree to which the rates of change in alcohol behavior were 

correlated with the rates of change in lack of planning, general sensation seeking, and 

enhancement expectancies were examined within the growth curve structure identified in 

exploratory and confirmatory LGMs. Residual variances were freely estimated and 

uncorrelated across waves. These analyses aimed to build on previous findings of correlated 

changes between lack of planning and alcohol behavior in adults (Littlefield et al., 2009) and 

sensation seeking and lack of planning through emerging adulthood (Harden and Tucker-

Drob, 2011).

Results

Descriptive Statistics

Table 1 displays the descriptive statistics of all measures at the most recent wave of. data 

collection. Measures of alcohol behavior were strongly correlated with each other at the 

most recent wave (r=.67–.85). Adequate internal consistency was observed across all waves 

for the items assessing lack of planning (ω=.74–.84), sensation seeking, (ω=.69–.81), and 

alcohol expectancies (ω=.84–.88). Cross-sectional correlations were weak between alcohol 

behavior and lack of planning (r=.12–.15) and general sensation seeking (r=.14–.29), but 

correlations were moderate for alcohol behavior and enhancement expectancies (r=.49–.50). 

Notably, cross-sectional correlations tended to be stronger at prior waves for alcohol 

behavior with lack of planning (r=.11–.33) and sensation seeking (r=.15–.30) but not 

enhancement expectancies (r=.34–.57). Lack of planning and general sensation seeking were 

weakly correlated across all waves (.16–.23), consistent with the literature (.23-.27; 

Ellingson et al., 2013, Harden and Tucker-Drob, 2011, Smith et al., 2007).
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Given that items from different scales were used to comprise the risk factors (lack of 

planning, sensation seeking), measurement invariance across waves was assessed to examine 

whether measurement changes over time might be due to age-related changes in the 

measurement of the risk factors. For each impulsivity risk factor, chi-square difference tests 

were conducted (using the Mplus DIFFTEST option) between models with freely estimated 

variance/covariance matrices across waves and fixed variance/covariance matrices across 

waves. In these models, the variance/covariance matrices were not significantly different 

across waves for lack of planning (χΔ [dfΔ=56]=45.89, p=.83), general sensation seeking 

(χΔ [dfΔ=56]=26.29, p=.99), or alcohol enhancement expectancies (χΔ [dfΔ=261]=298.07, 

p=.06). Thus, the change assessed in subsequent models does not appear to be due to age-

related differences in the measurement of these measures.

Exploratory LGMs

Exploratory LGMs were conducted to inform the growth factor structure of all risk factors 

and alcohol measures (ages 18–35). Specifically, the following five models were fit: 1) tau-

equivalent (intercept only – all loadings fixed to one); 2) 1-factor (loadings freely 

estimated); 3) intercept + 1-factor (one factor with all loadings fixed to one, one factor with 

all loadings freely estimated); 4) 2-factor (two factors with all loadings freely estimated); 5) 

2-factor + intercept (one factor with all loadings fixed to one, two factors with all loadings 

freely estimated). The best-fitting model was chosen based on the CFI and RMSEA fit 

statistics (see supplemental Table S1). To assess RMSEA, the probability that the estimate 

was less than .05 was consulted, rather than the point estimate of the RMSEA, because some 

RMSEA estimates were equivalent (e.g., <.001 for several models). A piecewise latent 

growth model (i.e., 2-factor+intercept) best fit the data for all measures across ages 18–35. 

For all alcohol variables, one factor comprised loadings that increased across the college 

years and decreased across the post-college years (see supplemental Table S2). The second 

factor comprised loadings that followed a linear pattern across all waves.

Emphasis was given to models that best explained changes in alcohol measures. As a note, it 

is not necessary for constructs to be modeled using the same growth structure (e.g., alcohol 

use and risk factors); however, most impulsivity risk factors had similar loading patterns as 

alcohol behavior, and taking this approach can simplify finding and aide interpretability. 

Models were ultimately chosen after inspecting loadings, as well as estimated and observed 

means, with emphasis was given to interpretability (see supplemental Figure S1). It was 

concluded that the factor loadings and mean trajectories suggested modeling one factor that 

assessed change during the college years and a second factor that assessed change during the 

post-college years.

Confirmatory LGMs

Confirmatory LGMs were conducted, with orthogonal linear growth factors for Waves 1-4 

and Waves 4-7. Figure S1 displays the estimated and observed means for all variables and 

demonstrates the adequacy of model fit. Further, growth factor variances were significant for 

all variables (see Table S3 for fit and variance estimates). Thus, confirmatory models 

provided adequate fit across all measures (CFIs>.95, RMSEAs<.08 [90% CIs=.000, .071]; 

Browne and Cudeck, 1993, Carlson and Mulaik, 1993).
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Estimated and observed means were evaluated to identify trajectories across measures. Lack 

of planning and general sensation seeking decreased rapidly from Waves 1-4 and then 

gradually decreased from Waves 4-7. Enhancement expectancies decreased from Waves 1-4 

and then gradually increased from Waves 4-7. For alcohol behavior, alcohol QF and heavy 

drinking increased from Waves 1-4 and then steeply decreased from Waves 4-7, whereas 

AUD decreased across all Waves.

Bivariate LGMs

Bivariate LGMs estimated the correlations between the intercept (age 18) and piecewise 

growth factors (ages 18-21, 21-35) for alcohol behaviors (alcohol QF, heavy drinking, AUD) 

and each risk factor (lack of planning, sensation seeking, enhancement expectancies) (see 

Figure 1). Across all models, the intercept factor loadings were fixed to 1 for Waves 1-7. 

Wave 1 was the reference point for modeling the change factors, on which all loadings from 

both change factors were fixed to 0. All other Waves were modeled with reference to Wave 1 

(i.e., age 18), so that loadings across both change factors on Wave 2 summed to 1 (age 19; 

1+0=1); Wave 3 fixed loadings summed to 2 (age 20; 2+0=2); Wave 4 loadings summed to 3 

(age 21; 3+0=3); Wave 5 loadings summed to 7 (age 25; 3+4=7); Wave 6 loadings summed 

to 11 (age 29; 3+8=11); and Wave 7 loadings summed to 17 (age 35; 3+14=17). Thus, the 

primary-college change factor loaded only on Waves 1-4 (i.e., assessing the rate of change 

from ages 18-21), with equivalent loadings on Waves 4-7 loadings to account for the prior 

influence on change from ages 21-35. The post-college change factor loaded on Waves 4-7 

(i.e., assessing the rate of change from ages 21-35), with loadings on Waves 1-4 fixed to 

zero.

The fit across bivariate LGMs was adequate (CFIs=.987–1.00, RMSEAs=.001–.029). Table 

2 displays the correlated intercept and change factors among lack of planning, sensation 

seeking, and enhancement expectancies. There were moderate correlations between lack of 

planning and general sensation seeking for the intercepts (r=.37) as well as the growth 

factors capturing variance in the rate of change from Waves 1-4 (r=.46), consistent with prior 

studies. For Waves 4-7, however, correlated changes in lack of planning and general 

sensation seeking were statistically nonsignificant (r=.19). Lack of planning and 

enhancement expectancies were correlated for the intercept (r=.25) and changes during 

Waves 4-7 (r=.24) but not changes during Waves 1-4 (r=.12). Table 3 displays the correlation 

estimates among the intercept and change factors (i.e., rates of change) for impulsivity risk 

factors (lack of planning, general sensation seeking, alcohol enhancement expectancies) and 

alcohol behavior. The results displayed in Table 3 are discussed below.

Alcohol Behavior and Lack of Planning.

The intercepts of all alcohol measures were correlated with lack of planning (rs=.39–.46). At 

Waves 1-4, changes in lack of planning were moderately correlated with changes in heavy 

drinking (r=.63), but correlations were not significant for alcohol QF (r=.27, p=.057) and 

AUD symptoms (r=.23, p=.12). Similarly, at Waves 4-7, changes in lack of planning were 

correlated with changes in heavy drinking (r=.34), but not alcohol QF (r=.21, p=.11) or AUD 

symptoms (r=.16, p=.25). Given the discrepancy between the correlated change for lack of 

planning and heavy drinking during Waves 1-4 and Waves 4-7, a subsequent model 
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constrained these estimates. Chi-square difference tests suggested that changes in lack of 

planning were more strongly associated with changes in heavy drinking in the college years 

(.63) than during the post-college years (.36) (χΔ [dfΔ=1]=12.56, p<.001). In summary, 

changes in lack of planning were associated with heavy drinking during both periods, but 

associations were significantly stronger during the college years.

Alcohol Behavior and Sensation Seeking.

The intercepts of all alcohol measures were correlated with general sensation seeking 

(rs=.29–.41). Changes in general sensation seeking were correlated with changes in AUD 

symptoms during both Waves 1-4 (r=.48) and Waves 4-7 (r=.46). In addition, general 

sensation seeking changes were associated with heavy drinking changes at Waves 1-4 

(rs=.61) and Waves 4-7 (r=.46). Changes in sensation seeking were not significantly 

associated with changes in alcohol QF during either timeframe. Again, given the 

discrepancy between the correlated change for sensation seeking and heavy drinking during 

Waves 1-4 and Waves 4-7, a subsequent model constrained these estimates. Constraining 

these parameters suggested that sensation seeking changes were more strongly associated 

with heavy drinking changes in the college years (.61) than during the post-college years 

(.29) (χΔ [dfΔ=1]=9.42, p<.01). As with lack of planning, changes in sensation seeking were 

associated with heavy drinking during both the college and post-college years; however, 

these associations were significantly stronger during the college years. Further, sensation 

seeking was also associated with AUD during both timeframes.

Alcohol Behavior and Enhancement Expectancies.

Enhancement expectancies were strongly correlated with alcohol behavior intercepts 

(rs=.61–.71), changes across Waves 1-4 (rs=.45–.70), and changes across Waves 4-7 

(rs=.45–.61). Models constraining correlated change estimates during Waves 1-4 and Waves 

4-7 indicated that enhancement expectancy changes were more strongly associated with 

heavy drinking during the college years (r=.70), compared to the post-college years (r=.51) 

(χΔ [dfΔ=1]=33.44, p<.001). Unexpectedly, enhancement expectancy changes were more 

strongly associated with changes in AUD symptoms during the post-college years (r=.61), 

compared to the college years (r=.45) (χΔ [dfΔ=1]=11.73, p<.001). In summary, changes in 

alcohol enhancement expectancies and alcohol behavior moved in the same direction; 

steeper increases in enhancement expectancies were associated with steeper increases in 

alcohol behavior (e.g., during the college years), and steeper decreases in enhancement 

expectancies were associated with steeper decreases in alcohol behavior (e.g., during the 

post-college years).

Discussion

This study examined the relationship between changes in alcohol use and problems and 

impulsivity risk factors (lack of planning, general sensation seeking, enhancement 

expectancies) from ages 18–35 in a cohort recruited during their freshmen year in college. 

Using an exploratory LGM approach, distinct developmental trajectories were identified 

during the primary college (ages 18–21) and post-college years (ages 21–35). Specifically, 

lack of planning and sensation seeking decreased rapidly during the college years, whereas 
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alcohol behavior decreased rapidly in the post-college years (see supplement for estimated 

and observed means).

Confirmatory LGMs examined how changes in the facets of impulsivity are correlated with 

alcohol behavior during these developmental periods. The current study built on prior 

findings that linear changes in lack of planning and alcohol use are moderately correlated 

from ages 18–35 (Littlefield et al., 2010, Littlefield et al., 2009). Here, results suggested that 

the link between the rates of change in heavy drinking and lack of planning is particularly 

strong during the college years (rs=.63 vs. post-college years rs=.34). Notably, lack of 

planning was not associated with the rate of change in AUD symptoms. The rate of change 

in general sensation seeking was also correlated with heavy drinking, particularly during the 

college years (r=.61; post-college years r=.29) and AUD during both periods (college years 

r=.48; post-college years r=.46). Finally, alcohol enhancement expectancies were moderately 

to strongly correlated with the rates of change in alcohol use and AUD during both 

developmental periods (rs=.45–.70). We are unaware of prior studies that have examined 

how sensation seeking changes are correlated with alcohol behavior beyond emerging 

adulthood, or how alcohol expectancy changes are correlated with alcohol behavior during 

any developmental period. In summary, distinct developmental processes may underlie 

changes in alcohol use and problems across emerging and young adulthood. Further, risk 

factors may relate differently to alcohol use and problems across distinct periods of 

adulthood. Finally, these findings highlight the utility of an exploratory LGM approach, 

while also considering interpretability, to identify how alcohol use may change in relation to 

risk or protective factors.

Across analyses, a pattern emerged in which changes in most alcohol measures were 

correlated with changes in risk factors during the primary college years. For general 

measures of impulsivity (lack of planning, sensation seeking), associations with changes in 

heavy drinking were most pronounced during the college years. Notably, changes in 

enhancement expectancies were associated with all alcohol behaviors across both 

developmental periods. The shift of general impulsivity being less correlated with heavy 

drinking later in adulthood could be due to compulsivity becoming more important as 

behavioral patterns become automated. Prior work has shown that impulse control is more 

strongly related to cigarette smoking in emerging adulthood, rather than later in adulthood 

(Littlefield and Sher, 2012). It should be noted, however, that this pattern was not shown for 

AUD. Additionally, these findings suggest that sensation seeking and enhancement 

expectancies may be effective targets of AUD interventions during the college and post-

college years. For example, evidence supports the use of behavioral economic interventions 

with college students, which may work by acknowledging the immediate reward obtained by 

drinking and highlighting how drinking impedes progress toward long-term goals (Murphy 

et al., 2012). A similar approach may help adults who are not in college (e.g., highlighting 

how drinking interferes with familial obligations or occupational goals).

The current findings can also inform etiological models of AUD by identifying the relevant 

risk factors and protective factors across developmental contexts. Emerging adulthood is a 

time of elevated risk-taking, and college is an environment with many social opportunities to 

drink (Slutske, 2005). In contrast, the post-college years are marked by occupational 
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responsibilities (e.g., being at a workplace at expected times) and a greater number of 

personal obligations (e.g., parenting). These findings suggest that the rate of change in 

drinking within a collegiate environment may be most pronounced among individuals high 

in certain facets of impulsivity. It is possible that individuals, even those high in impulsivity, 

become less inclined to drink heavily later in life due to personal responsibilities. However, 

there is also evidence that impulsivity risk factors (disinhibition) affect role selection in the 

post-college years, such that individuals higher in impulsivity have fewer role transitions that 

would limit drinking (Lee et al., 2015). Alternatively, the current findings could be 

considered with regard to legal drinking. It is possible that impulsivity and sensation seeking 

are more strongly related to illegal, underage alcohol use than legal, of-age alcohol use (e.g., 

via risk taking or rule breaking). Therefore, the observed age-related shift in impulsivity risk 

factors may be driven by a number of factors including: 1) greater number of social drinking 

opportunities in the college environment, which may be particularly appealing to individuals 

high in impulsivity (Kahler et al., 2003); 2) the consequences of illegal, college-age 

drinking, which may be a barrier to individuals low in impulsivity (Henges and Marczinski, 

2012); 3) personal obligations during the post-college years limiting heavy drinking, even 

among those high in impulsivity (Gotham et al., 2003); or 4) some combination of these 

environmental shifts. Therefore, the relationship between drinking, its risk factors, 

environment, and development is nuanced.

Finally, these findings are consistent with prior studies that have examined how sensation 

seeking and lack of planning change together over time, which have been a focus of the 

dual-systems literature. Whereas changes in general sensation seeking and lack of planning 

were correlated during the college years (r=.46), these changes were uncorrelated in the 

post-college years. In contrast, changes in lack of planning and enhancement expectancies 

were significantly correlated only after college (r=.24). For comparison, prior studies have 

found that quadratic, but not linear, changes in sensation seeking and impulse control 

correlated (Harden and Tucker-Drob, 2011).

Limitations and Future Directions

Limitations of the current study should be considered when interpreting and looking to build 

on these findings. First, 93% of participants were White, and studies of more diverse 

samples are needed. Second, participants were recruited as college freshmen, and college 

has a unique influence on increasing alcohol use and problems (Slutske, 2005). Third, the 

data-driven, exploratory change models identified in the current sample were applied to the 

same sample in confirmatory LGMs models, and this can result in overfitting to a specific 

sample. Consequently, the change models identified in the current study may provide a poor 

fit to other samples. A split-sample approach could allay these concerns by using separate 

samples for exploratory and confirmatory LGMs. However, this approach was not taken in 

the current study due to sample size. Thus, these analyses may be considered exploratory 

and require replication in independent samples. Fourth, other well-fitting, 2-factor LGMs 

could be further explored, with linear and either curvilinear or quadratic change factors 

(Tomarken and Waller, 2003). Prior studies of the current sample have implemented 

autoregressive models (Littlefield et al., 2012), which are mathematically equivalent in fit to 

LGMs (Wood and Jackson, 2013, Rovine and Molenaar, 2005). Similarly, when 
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implementing exploratory analytic approaches, it is easy to arrive at model solutions that do 

not have practical application. Thus, it is important to consider interpretability. It is also 

worth noting that, although the models identified here fit the data well, there is substantial 

heterogeneity in change across the observed time frame. Mixture modeling approaches, for 

example, could examine the relevance of different risk factors and protective factors among 

those who experience the steepest increases/decreases in drinking in different developmental 

contexts. Finally, although the current analyses clarify when and which of these two facets 

of impulsivity are important, future studies could examine how the imbalance of reward 

seeking and lack of planning relates to alcohol problems during different developmental 

periods. Furthermore, future studies could test the acquired preparedness model to delineate 

the relationship among these risk factors, such as whether lack of planning affects 

subsequent changes in alcohol expectancies (McCarthy et al., 2001).

The measures of sensation seeking and impulse control should also be considered when 

evaluating studies of impulsivity or impulsivity-like constructs. Sensation seeking was 

assessed using four items, including questions of sensation seeking, broadly (e.g., “long for 

excitement”), as well as deviance (e.g., “urge to do harmful, shocking things”). Importantly, 

measurement coverage is a limitation here and in similar studies in the literature (e.g., the 

CNLSY uses respective three-item measures for sensation seeking and impulse control). 

Thus, more comprehensive measures are needed in future studies. Perhaps tempering 

concerns in the current study, all measures demonstrated adequate internal consistency, and 

correlations among sensation seeking and lack of planning were consistent with the 

impulsivity literature. Finally, the implications of general and domain-specific reward 

sensitivity measures should also be considered when interpreting these results. General 

sensation seeking may inadequately assess urges to engage in substance use, but 

enhancement expectancies may be a proxy for alcohol use and problems. It is unclear 

whether general or specific measures best represent sensation seeking or lack of planning.

Summary

This study highlights the importance of lack of planning, sensation seeking, and alcohol 

enhancement expectancies to the rates of change in adult alcohol use and AUD. Notably, all 

risk factors were related to the rate of change in heavy drinking from ages 18–21, and 

alcohol enhancement expectancies had large and significant associations with alcohol 

behavior changes well into young adulthood (age 35). Finally, this study demonstrated the 

value of examining developmental risk factors across distinct periods, informed by a data-

driven analytic approach.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Bivariate latent growth models, estimating factors for the intercept, change at Waves 1-4 

(ages 18–21), and change at Waves 4-7 (age 21–35) alcohol behavior (alcohol QF, heavy 

drinking, alcohol use disorder) and risk factors (lack of planning, sensation seeking, 

enhancement expectancies).

RISK=impulsivity risk factors (modeled as lack of planning, general sensation seeking, 

enhancement alcohol expectancies in separate models). ALC=alcohol behavior (modeled as 

alcohol quantity*frequency, heavy drinking, and alcohol use disorder in separate models). 

All alcohol behavior measures were modeled as ordered, polytomous variables. The 

parameters of greatest interest were the correlations between intercept and change factors of 

alcohol behavior and risk factors, depicted by solid, bold slings. All intercept and change 

factors were allowed to correlate in the model, but only those between sensation seeking and 

lack of planning (dashed slings), and within each construct (dotted slings) are depicted in the 

figure. Dashed lines across loadings indicate the same loading applied to all intermediate 

paths (e.g., all intercept loadings are 1; the Waves 4-7 loadings on the Wave 1-4 change 

factor are all 3). In addition, family history and gender were included as covariates for each 

factor.
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Table 1.

Descriptive statistics of measures at the most recent wave of data collection (age 35).

Alcohol QF Heavy Drinking 
a

AUD Symptoms 
b Lack of 

Planning

General 
Sensation 
Seeking

Enhancement 
Expectancies

Alcohol QF 1

Heavy Drinking 
a .85 (.03) 1

AUD Symptoms 
b .67 (.06) .70 (.05) 1

Lack of Planning .12 (.06) .15 (.06) .16 (.07) 1

General Sensation 
Seeking .14 (.06) .22 (.05) .29 (.07) .17 (.05) 1

Enhancement 
Expectancies .50 (.06) .50 (.05) .49 (.06) .13 (.05) .23 (.05) 1

Mean (SD) NA NA NA 0.32 (0.28) 0.15 (0.21) 1.07 (0.64)

Skewness NA NA NA 0.69 1.40 0.58

Kurtosis NA NA NA −0.30 1.46 −0.10

Note: Standard errors are in parentheses. Means, standard deviations, skewness, and kurtosis statistics for continuous variables are presented below 
correlation estimates. All alcohol measures were binned into ordinal, polytomous variables comprised of four categories.

a
Heavy drinking was computed as the mean number of days high, drunk, and binge drinking in the previous 30 days.

b
Alcohol use disorder (AUD) symptoms was based on DSM-IV alcohol dependence (bins were chosen to match DSM5 levels of AUD severity). 

Correlations are presented for Wave 7.
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Table 3.

Correlation estimates and standard errors for the intercept and slope parameters from bivariate latent growth 

models of alcohol behavior (alcohol QF, heavy drinking, AUD Symptoms) and impulsivity risk factors (lack of 

planning, general sensation seeking, alcohol enhancement expectancies).

Alcohol Behavior Lack of Planning General Sensation Seeking Enhancement Expectancies

Intercept Correlations

Alcohol QF .46 (.06)*** .29 (.07)*** .61 (.04)***

Heavy Drinking .43 (.06)*** .29 (.07)*** .71 (.03)***

AUD Symptoms .39 (.06)*** .41 (.07)*** .61 (.05)***

Slope Correlations (Waves 1-4)

Alcohol QF .27 (.14) .31 (.17) .48 (.11)***

Heavy Drinking .63 (.18)*** .61 (.21)** .70 (.12)***

AUD Symptoms .23 (.15) .48 (.18)** .45 (.12)***

Slope Correlations (Waves 4-7)

Alcohol QF .21 (.13) .11 (.14) .45 (.12)***

Heavy Drinking .34 (.14)* .29 (.12)* .51 (.10)***

AUD Symptoms .16 (.14) .46 (.14)** .61 (.12)***

Note: Standard errors are in parentheses.

***
p<.001,

**
p<.01,

*
p<.05. One set of models included lack of planning and general sensation seeking. Another set of models included lack of planning and 

enhancement expectancies (as a measure of alcohol-specific sensation seeking).
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