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Abstract

Addictive disorders, such as pathological gambling and alcohol use disorders, frequently co-occur 

at greater than chance levels. Substantive questions stem from this comorbidity regarding the 

extent to which shared variance between gambling and alcohol use reflects a psychological core of 

addictive tendencies, and whether this differs as a function of gender. The aims of this study were 

to differentiate both common and unique variance in alcohol and gambling problems in a bifactor 

model, examine measurement invariance of this model by gender, and identify substantive 

correlates of the final bifactor model. Undergraduates (N = 4475) from a large northwestern 

university completed an online screening questionnaire which included demographics, quantity of 

money lost and won when gambling, the South Oaks Gambling Screen, the AUDIT, gambling 

motives, drinking motives, personality, and the Brief Symptom Inventory. Results suggest that the 

bifactor model fit the data well in the full sample. Although the data suggest configural invariance 

across gender, factor loadings could not be constrained to be equal between men and women. As 

such, general and specific factors were examined separately by gender with a more intensive 

subsample of females and males (n = 264). Correlations with motivational tendencies, personality 

traits, and mental health symptoms indicated support for the validity of the bifactor model, as well 

as gender-specific patterns of association. Results suggest informative distinctions between shared 

and unique attributes related to problematic drinking and gambling.
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Prevalence rates for problem and pathological gambling have fluctuated across time, 

changing definitions and criteria, and assessment instruments. Estimates for lifetime 

pathological gambling in the U.S. general population have ranged from about .4–3.5 % and 

sub-threshold (problem gambling) estimates have ranged from 2.9 to 4.8 % (Cunningham-

Williams et al. 1998; Kessler et al. 2008; Lorains et al. 2011; Petry et al. 2005; Shaffer et al. 

1999). Prevalence estimates are considerably higher for college students. Estimates from 

Shaffer et al. (1999) meta-analysis found the average prevalence rates among college 

students to be 4.67 % pathological and 9.28 % subthreshold. On the other hand, results from 

the 2013 National Survey on Drug Use and Health (N = 67,500; SAMHSA 2014) estimated 

past month prevalence of binge drinking (5+ on at least one occasion) in 23 % of the U.S. 

population over age 12. Heavy drinking, defined as at least five binge occasions in the past 

month was estimated to be 6.3 %. The general population estimate for alcohol abuse or 

dependence was 7.0 %. Rates were considerably higher among college-aged individuals 

(18–25) with estimates of 37.9 and 11.3 % binge and heavy drinking respectively. Estimated 

prevalence past year alcohol disorder was also higher in this group at 13 %. Thus, both 

problematic gambling and problematic alcohol use are fairly common problems, particularly 

among college student populations.

Consistent evidence has revealed comorbidity between problem gambling and substance 

related problems including alcohol. Relative to nongamblers, problem gamblers are 

approximately 7.2 times more likely to drink and 3.3 times more likely to have an alcohol 

use disorder (Cunningham-Williams et al. 1998). In Crockford and el-Guebaly’s (1998) 

review, between 25 and 63 % of pathological gamblers also had an alcohol use disorder 

whereas between 9 and 16 % of patients with substance disorders were also identified as 

probable pathological gamblers. In the National Epidemiologic Survey on Alcohol and 

Related Conditions (N = 43,093; NESARC; Grant et al. 2003), 73.2 % of individuals 

identified as pathological gamblers also had an alcohol use disorder (Petry et al. 2005) 

which is about 8 times higher than the 8.5 % population estimate (Grant et al. 2004) in that 

data-set. The prevalence of pathological gambling found in NESARC (0.42 %) was just over 

2 times higher among individuals with a current alcohol use disorder (1.03 %). Thus, 

problem gambling and problem alcohol use also frequently co-occur at greater than chance 

levels (i.e., demonstrate robust patterns of comorbidity).

Increasing recognition of the overlap between gambling and substance use contributed to 

diagnostic changes in pathological gambling, which was previously classified as an impulse 

control disorder in the DSM-IV TR (APA 2000), to gambling disorder, now grouped among 

substance-related and addictive disorders in the DSM-5 (APA 2013). This change occurred 

in recognition of striking similarities between problem gambling and substance use in terms 

of symptoms, treatment approaches, and shared comorbidities as well as convergence in 

neurobiological correlates based on brain imaging, genetics and neurotransmitter studies 

(Gottheil et al. 2007). This taxonomic shift underscores the need to better understand such 

overlap, when it occurs, as well as unique aspects of both problem gambling and problem 

alcohol use (controlling for shared, or overlapping variance) as distinct diagnostic entities. 

This represented the primary goal of the present study.
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Gender Differences in Gambling, Alcohol, and Comorbidity

Prevalence studies examining gender differences in gambling show that men are more likely 

to over report gambling and gamble at higher frequencies and quantities than do women 

(Kessler et al. 2008; Potenza et al. 2001; Shaffer and Hall 2001; Welte et al. 2002). Men also 

develop problem and pathological gambling at higher rates than women (Blanco et al. 2006; 

Cunningham-Williams et al. 1998; Kessler et al. 2008; Welte et al. 2001). However, research 

has also shown that men and women differ in their motives for gambling, suggesting that 

gambling among men occurs for excitement, thrill-seeking, and loss-chasing motives, 

whereas gambling among women occurs for regulation of negative affect (Blanco et al., 

2006; Grant and Kim 2002; Ladd and Petry 2002; Lesieur and Blume 1991; Potenza et al. 

2001). These findings help explain results from other studies demonstrating that associations 

between pathological gambling and DSM-IV psychiatric disorders, particularly internalizing 

disorders (e.g., dysthymia, major depression, generalized anxiety disorder, panic disorders), 

were stronger among women than men (Blanco et al. 2006; Desai and Potenza 2008; Petry 

et al. 2005; Potenza et al. 2001). With regard to gender differences in problematic drinking, 

research also shows that although men drink at a greater quantity and frequency than do 

women (Nolen-Hoeksema, 2004; SAMHSA 2014), problematic alcohol use is associated 

with consequences and affects health outcomes more strongly for women (Baraona et al. 

2001; Greenfield 2002; Hill 1995; Nolen-Hoeksema 2004). Further, studies have shown that 

motivation for drinking is a stronger predictor of alcohol-related problems in men, whereas 

depressive symptomatology is a stronger predictor of problems in women (Harrell and 

Karim 2008).

Research examining gender differences in the comorbidity between gambling and alcohol 

use is limited. One study utilized the National Epidemiologic Survey on Alcohol and 

Related Conditions (NESARC) data to show that among respondents with subclinical 

pathological gambling, men were significantly more likely to be classified as heavy drinkers 

(Blanco et al. 2006). Similarly, another study found that for men, heavy drinkers were more 

likely to report gambling with friends, gambling with large amounts of money, and engaging 

in strategic forms of gambling; associations which were not present for women (Desai et al. 

2006). Other work has demonstrated that associations between pathological gambling and 

alcohol dependence, nicotine dependence, and drug use disorders were stronger among 

women than men (Petry et al. 2005). While additional research is needed to understand these 

gender differences, it is possible that because women have lower rates of gambling and 

substance use overall, women who do evince problem levels of these may represent a 

distinct subgroup, displaying higher levels of comorbidity for problematic addictive 

behaviors, as well. In summary, gender differences suggest that men gamble and use alcohol 

more frequently and in greater quantities than do women, whereas drinking and gambling 

are more strongly associated with poorer psychological functioning among women. These 

findings emphasize the importance of considering gender in examinations of comorbidity of 

addictive problems, as in the present study.
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Structural Models of Psychopathology Comorbidity

As described previously, a better understanding of the overlapping and nonoverlapping 

nature of gambling and alcohol problems is needed. Clearly, gambling and alcohol problems 

share an overall classification as addictive problems (Gottheil et al. 2007), which is now 

specifically embodied in DSM-5 (APA 2013). Furthermore, structural models of broadly 

defined psychopathology in adulthood differentiate between internalizing problems such as 

depression and anxiety versus externalizing problems reflecting disinhibition and sensation-

seeking (e.g., Slade and Watson 2006). However, within the externalizing psychopathology 

domain, addictive disorders form a separate subfactor from other forms of antisocial 

behavior such as aggression and criminality (Krueger et al. 2007). Thus, precedent for 

grouping addictive problems together—including gambling and alcohol use—has been 

established. Yet, co-occurrence rates remain relatively low (Grant et al. 2004), raising 

important questions about the extent to which shared variance between gambling and 

alcohol use reflects a psychological core of addictive tendencies.

One particular modeling approach that has proven useful in differentiating sources of 

common and unique variance in psychological constructs, including psychopathology, is the 

bifactor model (Chen et al. 2012). The bifactor model has a long tradition in psy-chometric 

research, and serves to differentiate shared variance among constructs in a “general” factor, 

while simultaneously modeling unique variance in each construct in a “specific” factor. 

Traditionally, the bifactor model specifies that all shared variance between included 

constructs is captured in the general factor (i.e., correlations between specific factors are 

constrained at zero). The bifactor model has been useful in examining commonality and 

heterogeneity within specific domains, such as examinations of attention deficit/

hyperactivity disorder subtypes (Martel et al. 2010; Toplak et al. 2012) and different variants 

of antisocial behavior (Tackett et al. 2013a, b). A bifactor model approach has also been 

used to examine larger scale comorbidity between distinct disorders, as well (Caspi et al. 

2014; Lahey et al. 2011).

In addition to offering a structural understanding of common and specific variance, bifactor 

approaches to comorbidity offer an extremely useful opportunity to better understand the 

psychological nature of the substantive variance shared between disorders, as well as the 

psychological nature of the specific variance that each disorder does not share in common 

with the other. One example comes from research demonstrating that the personality trait of 

neuroticism is highly overlapping with shared variance among common childhood disorders, 

at both etiologic and phenotypic levels (Tackett et al. 2013a, b). Such findings extend our 

theoretical understanding of comorbidity by pointing to potential risk factors or mechanisms 

that can be more appropriately incorporated into working theories of psychopathology 

emergence and development. Thus, this approach may lend itself quite well to an empirically 

based, but theoretically rich, conceptualization of shared and unique variance in gambling 

and alcohol problems. The conceptual basis of such an approach is consistent with the idea 

of a general addiction syndrome (e.g., Shaffer et al. 2004), which has received empirical 

support regarding personality (Slutske et al. 2005) and genetic (Slutske et al. 2013) 

underpinnings. To the best of our knowledge, a bifactor model has not been used to 
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conceptualize gambling and alcohol problems to date. This represented the primary goal of 

the present study.

The Present Study

The goals of the present study were to examine evidence for a bifactor conceptualization of 

co-occurring alcohol and gambling problems in a large sample (N >4000) of college 

students, and to further explore the nature of this model in a smaller subsample of college 

student gamblers. Specific goals of the present study were:

1. Test the fit of a bifactor model to college student alcohol and gambling problems. 

Compare fit to a single factor model and a correlated two-factor model. Examine 

evidence for measurement invariance of the best-fitting model across gender.

2. Begin constructing a nomological network for a bifactor conceptualization of 

problem gambling and alcohol use by differentiating motivational, personality, 

and health correlates of: the general factor, the specific alcohol problems factor, 

and the specific gambling problems factor.

Method

Participants

Undergraduate students (N = 12,944) from a large northwestern university were invited to 

complete a screening survey. Of those invited, 4751 (34.5 %) completed the survey. This 

sample was predominantly Caucasian (62.7 %) and Asian-American (22.6 %). A little over 

half of the sample was female (55.1 %), and participants were on average 20.34 (SD = 3.31) 

years old.

Procedures

Participants were invited via a mailed letter to complete a screening survey as part of a larger 

longitudinal study assessing physiological responses to photographic stimuli related to 

gambling, alcohol, and neutral content. A total of 12,944 students from a large northwestern 

university were invited to screen, and 4751 completed the brief screening survey. 

Compensation for completion of the screening survey was $10.00. All study procedures 

were approved by the university’s institutional review board. An additional subsample was 

then recruited (n = 264) to participate in a more intensive in-lab protocol.

Measures

Gambling behaviors and problems were measured using items from the South Oaks 

Gambling Screen (SOGS; Lesieur and Blume 1987) and two open-ended response question. 

Items from the SOGS that were used in this study related to 11 types of gambling behaviors 

individuals have participated in (e.g. machine gambling, card games, sports betting, etc.), as 

well as, five items assessing the type and frequency of a range of gambling behaviors, family 

history of gambling, and largest quantity lost while gambling. Two open response questions 

were used to assess the largest quantity of money participants had won and lost while 

gambling.
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Participants drinking problems were assessed using the ten question Alcohol Use Disorder 

Identification Test (AUDIT; Saunders et al. 1993). Questions ask participants to report how 

often they had experienced behaviors or situations that are consistent with hazardous alcohol 

consumption. Response options were measured on three or five point scales ranging from 

Never/No to Daily or Almost Daily/Yes. Example items from the AUDIT include, “How 

often during the last year have you found that you were not able to stop drinking once you 

had started?” “How often during the last year have you been unable to remember what 

happened the night before because you had been drinking?” and “Have you or someone else 

been injured as a result of your drinking?”

Gambling motives were assessed using the Gambling Motives Questionnaire (GMQ; 

Neighbors et al. 2002). This measure is comprised of 48 items that represent 16 different 

gambling motives. These motives included boredom, competition, challenge, chasing, 

coping, drinking, escape, enjoyment, excitement, interest, luck, money, risk, skill, social, and 

winning. Items consist of statements ranging from “Something to do while drinking,” 

(boredom) to “A chance to get my money back,” (chasing). Participants reported how often 

they gambling for each of the listed reasons on a 5-point scale from 1-Never to 5-Always.

The Drinking Motives Questionnaire (DMQ; Cooper 1994) was used to assess participant 

motives for consuming alcohol. The DMQ assesses four types of drinking motives 

Conformity, Coping, Enhancement, and Social. Each subscale contains five items and 

response options are on a five-point scale from 1-Never/Almost Never to 5-Always/Almost 

Always. Questions about conformity motives include “To fit in with a group you like,” 

coping motives include “To forget about your problems,” enhancement motives include 

“Because I like the feeling,” and social motives include “Because it improves parties and 

celebrations.”

Personality constructs were measured using the Zuckerberg-Kuhlman Personality 

Questionnaire (ZKPQ; Zuckerman et al. 1993). The 99-item scale contains five subscales, 

Activity, Aggression/Hostility, Impulsiveness/Sensation Seeking, Neuroticism/Anxiety, and 

Sociability. Participants indicate whether each statement is true or false. Example items from 

each subscale are, “when I do things I do them with lots of energy” (Activity), “when people 

annoy me I do not hesitate to tell them so” (Aggression/Hostility), “I tend to begin a new job 

without much planning on how I will do it” (Impulsiveness/Sensation Seeking), “I 

sometimes feel edgy and tense” (Neuroticism/Anxiety), and “I tend to start conversations at 

parties” (Sociability).

Finally, the Brief Symptoms Inventory (BSI; Derogatis and Melisaratos 1983) was used to 

measure mental health constructs. The BSI consists of 53 items and measures nine mental 

health dimensions. The dimensions consist of anxiety, depression, hostility, interpersonal 

sensitivity, obsessive–compulsive behavior, paranoid ideation, phobic anxiety, psychoticism, 

and somatization. Participants rate how often, on a five-point scale from 0-not at all to 4-

extremely, they have been bothered by in the past week by a list of symptoms. Example 

items include, “feeling tense or keyed up” (anxiety), “feeling lonely” (depression), “getting 

into frequent arguments” (hostility), “feelings of worthlessness” (interpersonal sensitivity), 

“having to check and double-check what you do” (obsessive–compulsive behavior), “others 
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not giving you proper credit for your achievements” (paranoid ideation), “feeling very self-

conscious with others” (phobic anxiety), “the idea that something is wrong with your mind” 

(psychoticism), and “feeling weak” (somatization).

Results

Structural equation modeling was performed in Mplus, Version 6 (Muthén and Muthén 

1998–2010). Mplus utilizes a full information maximum likelihood (FIML) approach to 

handling missing data, which were minimal. The MLR estimator was used to estimate 

models, which is robust to non-normally distributed data. Fit statistics and criteria used to 

examine model fit include the root mean square error of approximation (RMSEA, <.08 

considered good fit), the comparative fit index (CFI, >.95 considered good fit), and the 

square root mean residual (SRMR,<.08 considered good fit; Chen et al. 2012; Toplak et al. 

2012). Factor analyses were conducted in the overall sample (N = 4472), as well as tests of 

measurement invariance (Female n = 2453, Male n = 2001). Correlational analyses to 

examine the substantive nature of the bifactor model were conducted in the intensive 

subsample (Female n = 65, Male n = 199).

Items 1A1-1A10 on the SOGS were summed to create one overall SOGS frequency item 

(SOGS1freq). In addition, parcels were created to increase model stability, rather than 

modeling items directly (Chen et al. 2012; Tackett et al. 2013a, b). Specifically, 4 parcels 

were made to reflect SOGS items: SOGSp1 (SOGS1freq, SOGS2, SOGS4); SOGSp2 

(SOGS5, SOGS6, SOGS7); SOGSp3 (SOGS8, SOGS10); SOGSp4 (SOGS9, SOGS11, 

SOGS12, SOGS13, SOGS14). Item designations were determined following an exploration 

of item-level covariation (via exploratory factor analysis), which revealed heterogeneity 

among SOGS items. Specifically, a 4-factor EFA best fit the SOGS items (RMSEA = .035, 

CFI = .989, SRMR = .013), and items were subsequently allocated to parcels reflecting this 

4-factor solution. Alternatively, a 2-factor EFA showed best fit for AUDIT items (RMSEA 

= .053, CFI = .981, SRMR = .022), with AUDIT items 5–10 all showing their highest 

loading on a second factor. Thus, to create three parcels for the AUDIT factor, the following 

designations were made: AUDITp1 (AUD1, AUD2, AUD3, AUD4); AUDITp2 (AUD5, 

AUD6, AUD7); AUDITp3 (AUD8, AUD9, AUD10). These parcels were used in subsequent 

analyses.

The bifactor model fit the data well in the full sample (RMSEA = .037, CFI = .987, SRMR 

= .024, see Fig. 1). All factor intercorrelations were constrained to zero, consistent with the 

traditional bifactor conceptualization. All parcels showed a significant loading on their 

respective factors, with the exception of SOGSp1 on the specific gambling factor. This 

loading was not significantly different from zero, indicating that all the variance in SOGSp1 

was accounted for by the general factor. A 1-factor confirmatory factor analysis would not 

converge, which is not particularly surprising given the extent of non-overlapping variance 

in the alcohol and gambling measures. A 2-factor nonhierarchical CFA showed good fit to 

the data (RMSEA = .050, CFI = .959, SRMR = .041), but not superior fit to the bifactor 

model. In the 2-factor model, alcohol and gambling factors correlated at .278 (95 % CI .

228, .329).
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The bifactor model was then fit separately in subsamples for men (RMSEA = .043, CFI = .

987, SRMR = .018) and women (RMSEA = .005, CFI = 1.00, SRMR = .008), and fit well in 

both. Thus, the model demonstrated configural invariance across gender. Following this, 

nested models were created to examine evidence for weak invariance such that all factor 

loadings were constrained to be equal across men and women. A multi-group model was fit 

in which all parameters were free to vary across men and women (RMSEA = .026; CFI = .

993) to compare with more stringent invariance constraints. Model comparisons followed 

the guidelines recommended in Toplak et al. (2012): a decrease of .01 or less in the CFI and 

an increase of not more than .01 in RMSEA were required to assume invariance. The model 

for weak invariance showed adequate fit to the data (RMSEA = .054, CFI = .945), but the 

change in RMSEA and CFI indicated that factor loadings could not be constrained across 

men and women. Thus, the following analyses examining correlates of the bifactor model 

were conducted separately for male and female subsamples in the intensive subsample.

Correlates of the Bifactor Model

Regression-based factor scores reflect individual standing on the general factor, the specific 

gambling factor, and the specific alcohol factor. Pearson correlations between these factor 

scores and other variables were examined to elucidate the overall nature of the general and 

specific factors, and to illustrate potential differences between the male and female 

subsamples.

First, correlates were examined across a number of additional gambling and alcohol items 

(see Table 1; Fig. 2), to demonstrate convergent validity for the bifactor structure, but also to 

demonstrate its potential usefulness. Specifically, differential correlations with the general 

factor offer information about which gambling and alcohol behaviors are most relevant for 

gambling-alcohol co-occurrence (e.g., for women: machine gambling r = .570, p = .000, 

card games r = .584, p = .000, watching poker on TV r = .528, p = .000; for men: card games 

r = .395, p = .000, quantity of alcohol consumed in the largest episode r = .393, p = .000, 

hours of the largest alcohol consumption episode r = .384, p = .000). These findings indicate 

the different substantive nature of gambling-alcohol co-occurrence in women and men, such 

that problem drinking indicators overlap much more strongly with problem gambling 

indicators in men than they do in women.

Beyond convergent validity, correlations with the specific factors also offer information 

regarding divergent validity—for example, some items (e.g., days/week consuming alcohol 

over the past month) were positively correlated with one factor (specific alcohol r = .642, p 
= .000), negatively correlated with another (specific gambling r = −.497, p = .000), and share 

no overlapping variance with gambling-alcohol co-occurrence (general factor r = −.053, p 
= .676), at least for women. In other words, women who have spent many days drinking over 

the past month may be at especially low risk for problem gambling behaviors. However, the 

pattern for men is different, such that days/week consuming alcohol over the past month still 

reflect men’s scores on specific alcohol problems (r = .464, p = .000), but also reflect men’s 

likelihood of demonstrating gambling-alcohol co-occurrence (r = .367, p = .000) and do not 

show any association with specific gambling problems (r = −.127, p = .146). Thus, the same 

item, which indicates problematic alcohol use risk in both men and women, reflects a 
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potential resiliency factor against problem gambling in women but a higher likelihood of 

gambling-alcohol co-occurrence in men.

Measures assessing both gambling and drinking motives offer further insight into the 

substantive nature of the general and specific factors (see Table 2). The pattern of 

associations once again showed gender differences. Unsurprisingly, endorsement of drinking 

motives during gambling behavior showed substantial correlations with the general factor in 

both women (r = .428, p = .000) and men (r = .482, p = .000). Otherwise, the pattern of 

strongest associations differed for men and women, as did patterns of divergent validity. For 

example, drinking motives related to coping and conformity predicted specific variance in 

gambling problems for men (r = .325 and .232, p = .000 and .008, respectively), above and 

beyond the general factor (gambling-alcohol co-occurrence) and specific variance in alcohol 

problems. However, coping and conformity drinking motives did not reflect specific 

variance in gambling problems in women.

Fewer associations with personality traits were found for women than for men. In women, 

specific variance in gambling problems was associated with lower levels of sociability (r = 

−.307, p = .014), whereas specific variance in alcohol problems was associated with higher 

levels of impulsivity/sensation-seeking (r = .309, p = .014) and sociability (r = .366, p = .

003). In men, the general factor was associated with higher levels of impulsivity/sensation-

seeking (r = .307, p = .000), aggression/hostility (r = .277, p = .001), and sociability (r = .

305, p = .000); specific variance in gambling problems was associated with impulsivity/

sensation-seeking (r = .200, p = .022), neuroticism/anxiety (r = .304, p = .000), and 

aggression/hostility (r = .310, p = .000); specific variance in alcohol problems was 

associated with sociability (r = .190, p = .030).

Overarching associations with a measure of mental health demonstrated a different pattern—

more associations were found for women than for men, although this pattern was reflected in 

associations with specific variance in gambling problems, in particular. That is, no mental 

health dimension showed a positive association with the general factor or with specific 

variance in alcohol problems, and this was true for women and men. In men, specific 

variance in gambling problems was associated with higher reports of obsessive compulsive 

behaviors (r = .198, p = .023), interpersonal sensitivity (r = .198, p = .023), anxiety, (r = .

229, p = .008), phobic anxiety (r = .228, p = .009), psychoticism (r = .212, p = .015), and 

hostility (r = .232, p = .007). In women, however, specific variance in gambling problems 

was associated with higher levels of all symptom dimensions: somatization (r = .308, p = .

013), obsessive compulsive behaviors (r = .472, p = .000), interpersonal sensitivity (r = .323, 

p = .009), depression (r = .267, p = .032), anxiety, (r = .289, p = .020), phobic anxiety (r = .

339, p = .006), paranoia (r = .260, p = .037), psychoticism (r = .296, p = .017), and hostility 

(r = .458, p = .000). A summary of all significant associations by gender and by factor is 

presented in Fig. 3.

Discussion

The present study demonstrated that a bifactor model conceptualization can be a useful way 

of better understanding alcohol and gambling problem co-occurrence, and in delineating the 
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substantive nature of both overlapping and distinct variance in these addictive problems. 

Specifically, we successfully fitted a bifactor model to alcohol and gambling problems in a 

large mixed-gender sample of college students. Assessment of measurement invariance 

revealed signficant differences in factor loadings between men and women. Evidence for the 

substantive nature of the general and specific factors was therefore examined separately by 

gender, with multiple associations with other constructs illustrating the psychological nature 

of the general and specific factors in this model. These results are discussed in more detail 

below.

Although the overall bifactor model fit the data well and showed successful fit in both male 

and female subsamples, factor loadings could not be constrained between genders. In both 

men and women, it is notable that the general factor (which captures shared variance 

between alcohol and gambling problems) was highly defined by the first parcel of gambling 

items, which comprised overall gambling frequency, and the extent to which the individual 

goes back to gamble more following a loss. Thus, this global composite of gambling 

frequency captured much of the shared variance between alcohol and gambling problems. 

The extent to which factor loadings differed between men and women could potentially 

reflect differential prevalence rates (Raylu and Oei 2002). Although differential prevalence 

rates would not necessarily result in measurement inequivalence, in the case where the 

underlying weighting and mechanisms are the same; however, differential prevalence rates in 

addictive behaviors may reflect other substantive and mechanistic differences such as social 

norms, expectancies, exposure, opportunity, and consequences (Brady et al. 2009; Byrnes et 

al. 1999; Iwamoto and Smiler 2013; Tyler et al. 2015; Wilsnack et al. 2000). In addition, the 

differential findings for substantive associations by gender suggest that such measurement 

inequivalence is meaningful, and future studies that do not explicitly test for measurement 

equivalence between genders may be adversely impacting study results.

To probe the substantive nature of the bifactor model, we examined associations (separately 

for males and females) with the general and specific factors in an intensive subsample of the 

overall sample which underwent a much more in-depth assessment protocol. A number of 

associations were demonstrated which provide further validity for a bifactor approach to 

gambling-alcohol co-occurrence. First, we examined associations with a number of other 

alcohol and gambling items, other than those used to model the bifactor structure directly. 

Many of these items were associated with the general factor, with stronger associations 

found for females than for males (also notable because the female subsample consisted of 

only 65 participants). This suggests that the general factor picks up on valid and reliable 

variance in addictive behaviors and tendencies. Associations with specific factors illustrate 

other ways that the bifactor model can be helpful. For example, for both males and females, 

the quantity of alcohol consumed during the last drinking episode was an extremely strong 

predictor of specific variance in alcohol problems, after accounting for shared variance with 

gambling problems. Furthermore, in females—but not in males—this variable was 

moderately associated with lower scores on specific gambling problems, suggesting a 

potentially gender-specific divergent predictor of gambling versus alcohol problems.

Moreover, when examining factor patterns of drinking and gambling related constructs 

(behavior and motives) by gender, we find support for the bifactor model but some 
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interesting distinctions between men and women. For men, significant associations with the 

general factor are evident for almost all indices of behavior and motivation for gambling and 

drinking. For women the pattern is quite different. Almost all of the gambling indices and 

motives were associated with the general factor but none of the drinking indices or motives 

were associated with the general factor. Thus, we might suggest that a general factor placing 

women at risk for addictive behaviors is more likely to account for problematic gambling 

than for drinking. For men, the general factor appears to account relatively equally to indices 

of gambling and drinking. There is also a distinct difference in the association of gambling 

specific and alcohol specific factors between men and women. For men, where gambling 

specific indices (i.e., behaviors and motives) were associated with the alcohol specific factor 

and vice versa, these tended to be positive associations. For women they were more likely to 

be negative. In particular, for women, alcohol indices were only positively associated with 

the alcohol specific factor and were consistently negatively associated with the gambling 

specific factor. Taken together, these findings suggest that gambling and drinking are more 

strongly connected among men than women. These gender-specific findings could be very 

useful when trying to understand risk and resiliency factors as well as in directing 

intervention efforts, which would be masked if men and women were not examined 

separately.

Associations with personality and mental health also demonstrated gender-specific patterns. 

Specifically, personality traits were more strongly linked to the general and specific factors 

in men; whereas, mental health symptoms were more strongly linked to the general and 

specific factors in women. The overall patterns may reflect differences in normativity of 

these behaviors, such that personality traits are likely picking up on more normative variance 

in individual differences than do mental health symptoms. In conjunction with previous 

findings, these results suggesting that specific variance in gambling problems, after 

accounting for shared variance with alcohol problems, is especially strongly associated with 

psychopathology (thus potentially indicating a less normative addictive behavior in college 

students than is problematic alcohol use), and that these problematic associations are even 

stronger in female college students than in males.

As in all empirical research, it is also important to acknowledge some of the more salient 

limitations of the current study. The current research presents a novel examination of overlap 

and distinction of gambling and drinking among young adults, but results may not generalize 

to non-college samples or samples with more diverse demographic characteristics. In 

particular, when examining associations with a wide range of individual characteristics and 

behaviors, it is always important to keep in mind the base rate of the phenomena and the 

relative normativity in a given population. Associations with personality and 

psychopathology may manifest differently in samples where such behaviors are more, or 

less, normative. The data were also limited to only two addictive behaviors. Consideration of 

a bifactor model with larger number and wider range of addictive behaviors would be of 

interest for future work. The recent changes in the DSM-5 highlight the interesting question 

of how best to conceptualize the core of addictive behaviors, and such work should move 

forward by broadening the scope of addiction beyond the current work. In addition, 

information on situational factors relevant for drinking and gambling behaviors were not 

collected in the current study. Situational and contextual features, including aspects of the 
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social environment, may further explicate gender differences in drinking and gambling. This 

remains an important topic for future research.

Conclusions

In conclusion, this research provided a novel examination of the overlap and distinction 

between two co-occuring addictive behaviors that are particularly common in college 

populations: gambling and alcohol use. Results of the bifactor model are consistent with the 

notion that there is a common factor underlying many addictive behaviors. Importantly, men 

and women have different profiles of gambling-alcohol co-occurrence, which are largely 

consistent with the broader literature. For men, gambling and drinking tend to co-occur with 

risk taking and are both associated with social functions. For women, gambling is more 

likely to serve as an escape and is more strongly associated with affective dis-regulation and 

psychopathology (Raylu and Oei 2002). Future research should expand our understanding of 

common and unique variance in addictive problems, and potential gender differences in 

addiction comorbidity.
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Fig. 1. 
Final bifactor model with a general factor, specific gambling factor, and specific alcohol 

factor. Standardized factor loadings are presented with 95 % confidence intervals. Observed 
variables represent item parcels from the South Oaks Gambling Screen (SOGSp1-SOGSp4) 

and the Alcohol Use Disorder Identification Test (AUDITp1-AUDITp3)
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Fig. 2. 
Conceptual representation of primary markers for the general factor, specific gambling 

factor, and specific alcohol factor, estimated separately for men and women
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Fig. 3. 
Correlational associations between validity indices and the general factor, specific gambling 

factor, and specific alcohol factor, estimated separately for men and women. Shaded areas 
indicate a negative factor loading
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