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Abstract

Background and aims—Studies on alcohol use and related constructs rarely test for 

measurement invariance to assess the reliability and validity of measures of alcohol use across 

different subpopulations of interest or ages. This failure to consider measurement invariance may 

result in biased parameter estimates and inferences. This study aimed to test measurement 

invariance of alcohol use across gender and age using a US-nationally representative sample to 

inform future longitudinal studies assessing alcohol use.

Design—The National Longitudinal Study of Adolescent to Adult Health, a school-based, 

nationally-representative longitudinal study conducted in 1994–1995, 2001–2002, and 2008.

Setting—All regions within the United States; participants were selected via a clustered sample 

design from 80 high-schools that represented the national population.

Participants—Youth and young adults ages 13 to 31 who had valid data on all three alcohol 

items within wave: 18,923 from Wave 1; 14,315 from Wave 3; and 14,785 from Wave 4.

Measurements—Alcohol use measurement models were constructed using past-year general 

drinking frequency, heavy episodic drinking frequency, and average quantity when drinking. 

Configural (factor structure), metric (factor loadings), and scalar (item intercepts) measurement 

invariance models were tested by gender and for each year of age from 13 to 31.

Findings—All models passed the threshold for configural invariance. Comparisons between 

males and females demonstrated metric (and usually scalar) non-invariance for most ages beyond 

middle adolescence. Nearly all one- and two-year contrasts passed metric invariance. Scalar non-
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invariance was most prevalent in age comparisons between late adolescence and early adulthood, 

particularly for tests using two-year age increments.

Conclusions—Studies that do not account for the effects of gender and age on the measurement 

of alcohol use may be statistically biased.
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Introduction

Developmental perspectives are necessary to understand the etiology and progression of 

alcohol use across the lifespan [1–3]. Longitudinal studies yield important findings 

regarding trends and critical periods for excessive alcohol use and behavioral precursors of 

alcohol use disorders (AUDs) [4]. Notwithstanding their contribution, many longitudinal 

studies use the same alcohol use measure across subgroups of interest (e.g., males and 

females) or developmental periods (e.g., adolescence, early adulthood) without testing for 

measurement invariance (i.e., whether measures reflect the same scale and metric across 

groups or developmental periods; c.f. [5,6]). Yet, alcohol use initiation, escalation, and 

desistence vary across specific subpopulations (e.g., by gender, race/ethnicity, sexual 

orientation, college attendance) [7–9] from adolescence to adulthood [1,10,11]. Parameter 

estimates may be biased if measures are assumed to be invariant when, in fact, they are not 

[12–14]. Developmentally framed studies on alcohol consumption provide critical evidence 

for policy, prevention, and intervention efforts regarding risky alcohol use behaviors and 

related consequences. It is imperative that this evidence come from studies that verify that 

measures of alcohol use are consistent across ages and key groups of interest.

Alcohol Use across the Transition to Adulthood and Considerations for Measurement

Initiation and escalation of drinking behaviors typically occur in mid-adolescence with a 

peak in risky drinking during early adulthood and a subsequent decline in alcohol 

consumption for those transitioning into social roles and formal institutions that discourage 

excessive alcohol use (e.g., family and workforce) [11,15]. Particularly in the US, alcohol 

consumption is linked to adolescent development experiences of independence and 

experimentation [1] and risky alcohol use is an often expected and anticipated behavior for 

young adults [10,16]. For example, alcohol consumption follows a steep gradient from early 

to late adolescence: Past 30-day drinking doubles between 8th (i.e., 13–14 years olds) and 

10th (i.e., 15–16 years olds) grade and 4.1% of eighth graders report HED in the previous 

two-weeks compared to 12.6% of 10th graders and 19.4% of 12th graders (i.e., 18 year olds) 

[17]. Thus, the construct of “alcohol use” changes in its relative importance and meaning at 

different points in the lifespan [15].

In addition to age-graded trends in overall alcohol use, research shows distinct change in the 

occurrence and extent of specific alcohol use behaviors [18,19]—frequency of alcohol use, 

heavy episodic drinking (HED), and average quantity when drinking—which point to 

potential maturational influences. Studies also show differential rates of change for specific 
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alcohol use behaviors; thus, drinking behaviors shift over time. For instance, adolescents 

who drink report more consistency in the number of days they drink and the number of days 

they engage in HED compared to individuals of legal drinking age [20]. Thus, the presence, 

magnitude, and covariance of alcohol use behaviors may also vary as youth age.

Along with age differences, specific subpopulations—defined by gender, race/ethnicity, and 

college attendance, among others—vary in trajectories of alcohol use across the transition to 

adulthood [7,8,21]. Studies have shown unique developmental trends between males and 

females. Early adolescent females demonstrate higher rates of alcohol use and HED than 

their male peers [17,22]. As they age, however, young males report accelerating levels of 

alcohol use and HED that eventually surpass female reports on or around the age of 15 

[7,17,23]. Although both males and females exhibit an increase in alcohol consumption 

during the transition to adulthood, males report a greater increase in frequency and amount 

of alcohol use, resulting in a gender disparity in alcohol use and AUDs by early adulthood 

[23–25]. During the gradual decline of alcohol use for those entering their late 20s and early 

30s, women report a greater decrease in consumption and risky drinking compared to men 

and are more likely to abstain from alcohol altogether [7,25].

Epidemiological and psychosocial studies often operationalize alcohol use by combining 

self-report items that reflect composites of specific behaviors [26–28], such as drinking 

frequency, HED, average quantity when drinking, drunkenness, alcohol use disorder 

symptomology, and consequences associated with drinking, among others. Yet, gender and 

age differences in alcohol use behaviors suggest that composite scores may differentially 

characterize drinking for men and women or for people at different ages. This type of 

measurement error can alter the conclusions drawn from investigations of alcohol use. One 

way to investigate whether measures systematically differ across groups or age is through 

measurement invariance testing.

Latent Variable Modeling and Measurement Invariance

Latent variable modeling (also known as structural equation modeling) can be used to 

account for and attenuate the effect of measurement error that may bias parameter estimates 

[12,29]. This approach accommodates complex statistical models that include many items, 

measures, or outcomes, leading to a reduction in Type I error. However, many researchers do 

not conduct tests of measurement invariance which can introduce systematic error or bias 

[14,30].

Broadly, tests of measurement invariance assess whether observable items are consistently 

represented by the same underlying latent construct for different subgroups within a 

population [29] (see supplement for more information). Analyses that do not confirm 

measurement invariance may have biased estimates, jeopardizing the accuracy of results 

[12,14,30]. Conversely, conclusions from findings are robust when conditions of 

measurement invariance are met [14]. Importantly, the confirmation of invariance extends 

beyond latent modeling frameworks because it also substantiates the utility, or lack thereof, 

of non-latent (i.e., manifest) scales compiled from observed items [12,31].
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There are typically four steps of measurement invariance assessment. Each step imposes an 

increasing number of restrictions to test whether model parameter equality constraints reveal 

differences across groups via a decrease in the quality of model fit [12]. First, an initial 

unconstrained or freely estimated configural model is examined to assess whether the factor 

structure (the number and pattern of factor loadings) is equivalent across groups (see Figure 

1). Second, metric invariance is assessed by constraining the factor loadings to be equal 

across comparisons. With metric invariance, the expected magnitude of change on each item 

is the same across groups for every one-unit change in the latent variable. Third, scalar 

invariance imposes equality constraints on the intercepts of observed indicators, which 

examines whether mean level differences in the latent construct equivalently characterize 

change in the observed indicators. The fourth step, residual factorial invariance, denotes 

equivalence in the degree of item-specific and random error. Consistent with recent 

commentary, we do not test for residual factorial invariance because it is unlikely that 

random error is equivalent across groups or time. [12].

Measurement Invariance and Alcohol Epidemiology

There remain limited studies on the equivalence of measures across groups and 

developmental periods in alcohol epidemiology, including the DSM-IV criteria for alcohol 

dependence across clinical and non-clinical samples [32], the Alcohol Use Disorders 

Identification Test across gender (AUDIT) [33], problem drinking across Hispanic and white 

youth [34], and changes in reasons for limiting or abstaining from drinking across time [35]. 

In testing the psychometric properties of the Drinking Motives Questionnaire (DMQ), 

Cooper [36] noted factor loading differences by gender for coping motives, and differences 

by age for conformity motives and cautioned researchers to consider potential bias when 

analyzing these constructs. Not surprisingly, this study spurred numerous subsequent 

investigations of measurement invariance in studies using the DMQ [37–42].

Yet, even fewer studies explicitly examine the measurement of alcohol consumption 

independent of related antecedents and consequences of alcohol use. Bullers and colleagues 

[43] tested the equivalence of an alcohol use construct composed of drinking frequency, 

HED, and average quantity when drinking and noted that HED and average drinking 

quantity were more strongly related to the latent construct across groups defined by gender 

(male vs. female), age (≤ 40 vs. 41+), and race (Black vs. other). In a more recent study [44], 

findings supported the measurement invariance of alcohol use—operationalized via alcohol 

use frequency, HED, average number of drinks, and intoxication—across gender in an age-

homogeneous college sample. Generally, the lack of studies assessing the measurement 

invariance of alcohol use prevents researchers from drawing definitive conclusions about the 

utility of such measures. However, despite implications for a better understanding of age and 

group differences, researchers do not typically evaluate longitudinal or group measurement 

invariance when testing hypotheses in observed or latent modeling frameworks (c.f. [45]). 

As such, we have limited understanding of how multi-item assessments of alcohol use 

(manifest or latent) operate in studies that assess the relative stability or change in alcohol 

use as people age. Such an investigation is warranted given the methodological and 

substantive knowledge gained from assessments of measurement invariance.
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The Current Study

Testing the measurement invariance of alcohol use measures is needed given the 

implications of measurement bias in studies assessing the antecedents and consequences of 

alcohol use, especially in light of age and gender differences in alcohol use. To address this, 

we use a US representative, population-based sample to test the measurement structure and 

reliability of an NIAAA-recommended measure of alcohol use [26]. We test configural, 

metric, and scalar invariance during a developmentally sensitive period for alcohol use 

initiation, acceleration, and desistance [46] for (1) males and females within each year of 

age and (2) one- and two-year age group differences for males and females separately. 

Findings will elucidate the consistency and validity of alcohol use measures from 

adolescence through early adulthood across and within gender, informing methodological 

approaches for developmental studies of alcohol use.

Methods

Data Source and Sample

We use data from the National Longitudinal Study of Adolescent to Adult Health [47], one 

of the most comprehensive studies of US adolescents as they transition to adulthood. Wave 1 

data were collected from adolescents enrolled in middle and high schools during the 1994–

1995 school year (n = 20,745). Wave 3 occurred approximate 6 years later, when 

participants were between the ages of 18–24 (n = 15,197) and Wave 4 was conducted in 

2008, when participants were between the ages of 24 and 32 (n = 15,701). Our sample 

included all participants in Wave 1, 3, and 4 who were assigned a sampling weight at 

baseline (n = 18,924) and provided a response to at least one of the three alcohol items at 

each measurement occasion. The data were restructured so that measurement models were 

compared by age-year and not wave, allowing us to explore specific developmental 

differences in alcohol use [7].

Measures

Alcohol use—As suggested by NIAAA [26], alcohol consumption was measured with 

three items assessing 12-month retrospective reports of drinking frequency, HED frequency, 

and average quantity when drinking. General drinking frequency was assessed by asking 

participants “During the past 12 months, on how many days did you drink alcohol?” with 

response options of: never = 0; 1 or 2 days in the past 12 months = 1; 3–12 times in the past 
12 months = 2; once a month or less = 3; 2 or 3 days a month = 4; 1 or 2 days a week = 5; 3 
to 5 days a week = 6; and every day or almost every day = 7. Respondents reported HED 

frequency on the same scale in response to the question, “Over the past 12 months, on how 

many days did you drink five or more drinks in a row?” for Waves 1 and 3. In Wave 4, the 

item assessed the frequency of HED at “5 or more” for males and “4 or more” for females. 

Participants reported their average drink quantity by providing a number in response to the 

question, “Think of all of the times you have had a drink during the past 12 months. How 

many drinks did you usually have each time (A “drink” is a glass of wine, a can of beer, a 

wine cooler, a shot glass of liquor, or a mixed drink.)”. Answers were recoded to reflect 1 

drink increments (1 drink = 1; 2 drinks = 2, etc.) until 10 or more drinks = 10. People who 

reported not drinking in the previous year were coded as 0 for this item.
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Gender—Respondents reported their gender at Wave 1 as either male = 0 or female = 1.

Analytic Approach

Data management was performed in Stata 14.2 [48] and measurement invariance analyses 

were conducted in Mplus 7.4 [49]. All analyses presented are weighted and adjusted to 

account for Add Health’s survey design [50] and missing data were accounted for via full 

information maximum likelihood (FIML) during latent variable estimation. Measurement 

invariance was established by first assessing fit of models that freely estimated parameters 

(configural invariance) followed by a sequence of more systematically constrained models to 

assess the variability of factor loadings (metric invariance) and intercepts (scalar invariance) 

through degradation in overall model fit [12] (see Figure 1). We used the change in CFI (i.e., 

ΔCFI) as our threshold for invariance [51,52]—where values greater than or equal to .010 

indicate a significant decrease in overall model fit (the large sample sizes made chi-square 

difference tests less effective). During estimation, we constrained the variance of the latent 

factor to 1.0 and freely estimated factor loadings to assess item-level differences [12].

We first assessed measurement invariance between males and females for each year of age. 

We then assessed differences by age for males and females, independently. Age comparisons 

were denoted by one and two-year age groups. If models failed metric or scalar invariance, 

we independently assessed the loadings or intercepts of each item to identify which 

indicator(s) contributed to measurement non-invariance for a given comparison.

Results

Table 1 displays the number of males and females assessed and the average observed score 

for alcohol use for each year of age. Tests of configural invariance held for both males and 

females and across all age groups. That is, within both males and females, the three observed 

items of alcohol use formed a single factor, with each item loading highly on the single 

factor for all years of age.

Measurement Invariance between Males and Females by Age

Omnibus tests of measurement invariance by gender are presented in the left column of 

Table 2. Male and female measurement models were metric invariant (equivalent loadings 

but not intercepts) for ages 17–20, but only configurally invariant (nonequivalent loadings 

and intercepts) across gender during ages 13, 23–27, and again at 30–31. Scalar invariance 

(equivalent loadings and intercepts) was confirmed for males and females from ages 14–16, 

19, 21–22 and again at ages 28 and 29.

Indicator factor loadings, intercepts, and residual variances for each male- and female-by-

year comparison are presented in Table 3. A ΔCFI ≤ .010 for the item indicates a significant 

improvement in model fit when the item is freely estimated, signaling that the item differs 

across groups. Item level gender comparisons (see far right column of Table 3) revealed 

higher factor loadings for males, compared to females, for drinking frequency at the age of 

13. There were also significantly higher drinking frequency and HED intercepts for males at 

age 17 and 20 and higher drinking frequency intercepts at age 18. At ages 23–24, 26–27 and 

30–31, factor loadings for drinking frequency were higher for males; at age 25, these factor 
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loadings were lower for males. At ages 23, 24, and 31, loadings for HED were higher for 

males; and at ages 25 and 26, loadings for average quantity were higher for males.

Measurement Invariance by One-Year Age Increments

Results presented on the right side of Table 2 show that with one exception all one-year age 

assessments confirmed metric invariance within males and females. Among males, all 

comparisons met criteria for scalar invariance except between 18 and 19-year-olds, which 

met criteria for metric invariance. Item level measurement invariance assessments (Table 3) 

indicated lower intercepts for drinking frequency and higher intercepts for average alcohol 

quantity for 18 compared to 19-year-old males.

Among females, there was scalar non-invariance for 24 vs. 25-year-olds and metric non-

invariance for 30 vs. 31-year-olds (the one exception of metric non-invariance across age) 

(Table 2). Item level differences (Table 3) indicated that HED drinking intercepts were 

lower, but average quantity intercepts were higher, for 24 compared to 25-year-olds. Factor 

loadings were larger for HED frequency and smaller for average quantity for 30 compared to 

31-year-olds.

Measurement Invariance by Two-Year Age Increments

Assessments of measurement invariance across two-year age groups for males and females 

are presented in Table 4. All two-year age comparisons passed metric invariance. Scalar 

invariance assessments failed for 19–20 vs. 21–22-year-olds among both males and females, 

as well as for 17–18 vs. 19–20-year-old males and 23–24 vs. 25–26-year-old females. 

Follow up assessments at the item level (Table 5) showed that drinking frequency and 

average alcohol quantity intercepts were lower for 17–18 compared to 19–20-year olds. 

Drinking frequency intercepts were lower, and alcohol quantity intercepts higher, for 19–20 

compared to 21–22 males. For females, drinking frequency intercepts were lower at ages 

19–20 than 21–22-year-olds. Intercepts for HED were lower and average alcohol quantity 

higher for 23–24-year-old compared to 25–26-year-olds.

Discussion

We tested configural, metric, and scalar measurement invariance of an NIAAA-

recommended alcohol use measure across gender and age during the transition to adulthood. 

Findings suggest reasonably consistent invariance in the construct validity and utility of a 

composite alcohol use measure by age from 13 to 31, but only sometimes by gender. These 

findings extend the literature in two important ways. First, the lack of metric and scalar 

invariance across gender, indicating the lack of equivalent associations between observed 

items and item intercepts of the latent construct, provides evidence that the multi-item 

alcohol use measure is not necessarily comparable for males and females for most ages. That 

is, observed items are not equivalently associated with, nor provide a common scale for, the 

alcohol use latent construct for males and females. Second, findings regarding age-graded 

trends in (non)invariance both support and problematize previous studies that have assessed 

alcohol use behaviors across broad age groups. Together, findings suggest that measurement 
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of the global construct of “alcohol use” varies as a function of gender and, to a lesser extent, 

age.

Measurement (Non)Invariance and Gender

The lack of construct comparability across gender is consistent with most alcohol use 

research demonstrating that, compared to women, men drink in qualitatively and 

quantitatively different ways [25]; these differences are largely attributable to gendered 

psychosocial and cultural factors [53]. Results show that our measure of alcohol use operates 

differently both in its metric and scale for males and females at different ages. The 

differential co-occurrence of drinking behaviors—alcohol use frequency, HED frequency, 

and average quantity when drinking—are distinctly associated with the latent construct of 

alcohol use for males and females. That is, this multi-item alcohol use scale measures items 

differently across genders. Consequently, this measurement bias can lead to inaccurate 

conclusions when estimating antecedents and consequences of alcohol use. Take stress as a 

predictor of alcohol use, for example; if a one-unit change in the latent construct reflects a 

larger change in alcohol frequency for women, but a larger change in HED frequency for 

men, then a positive association between stress and alcohol use reflects an increase in 

different behaviors for women and men (i.e., that stress is more strongly related to drinking 

frequency for women and heavy drinking for men) [12].

Our results show relatively little scalar and, more importantly, metric invariance between 

men and women after the age of 21; thus, the inclusion of both men and women in models 

assessing alcohol use appears to be especially problematic for studies of adults. For studies 

of youth, specifically, our results suggest that researchers may find that models of alcohol 

use demonstrate comparability across males and females given the relative consistency in 

loadings and intercepts during early to middle adolescence. However, this equivalency in 

scalar invariance dissipates during late adolescence and the transition to adulthood, though 

metric invariance remains through age 21. Thus, measurement invariance by gender should 

be checked explicitly rather than assumed, especially with older adolescents and adults.

Measurement (Non)Invariance and Age

Scalar non-invariance in models among males and females across age is not surprising 

considering literature on changes in the degree to which people engage in specific alcohol 

use behaviors from adolescence to adulthood [10,15,17]. Again, the presence of metric 

invariance suggests that the latent construct accurately captures changes in the (co)variance 

of alcohol use behaviors as people transition to adulthood. Findings regarding non-invariant 

intercepts, however, demonstrate that the estimated scale of the latent variable changes 

across age and may over- or underestimate factor scores depending on the directionality and 

extent of the mean level difference. This bias could misspecify the strength and association 

of risk factors at different ages, important information for timely and targeted prevention and 

intervention strategies. Points of scalar non-invariance also illuminate developmental periods 

when drinking behaviors change [7,17]. Differences, for example, were most prevalent in the 

two-year comparisons during the transition from late adolescence to the early 20s—adjacent 

the age of legal consumption and a time readily known for youth experimentation and 

acceleration in alcohol use [1].
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Recommendations

We echo previous recommendations and emphasize the importance of invariance testing 

procedures in measurement validation and model estimation [12,31,54]. Findings here lead 

us to conclude that models testing correlates and outcomes related to alcohol use across 

gender and/or developmental periods can inadvertently introduce measurement error when 

unexamined or unaddressed. If tests of invariance fail at the metric or scalar level, partial 

measurement invariance techniques is a potentialsolution. Testing partial invariance requires 

the assessment of model fit across sequentially constrained models: fit is assessed while 

imposing equality constraints on invariant parameters while those that are non-invariant are 

allowed to vary freely. There is, however, no broad consensus regarding the magnitude of 

acceptable partial invariance. Steenkamp and Baumgartner [55] argue the need for at least 

one item (other than the scaling item) to be invariant at the metric and scalar level to provide 

stability for meaningful comparisons; however, these applications require theoretical and 

substantive grounding [54]. Our findings suggest that freeing a single item loading and/or 

intercept—typically the parameter(s) that contribute the most overall change in model fit 

[12]—would meet this minimum requirement for most ages, and to a lesser extent, for 

gender. Therefore, researchers should explore partial measurement invariance procedures in 

developmental analyses to mitigate measurement error and improve the interpretation of 

findings in light of bias.

Although many researchers attempt to address the influence of gender by including it as a 

covariate, this may not adequately account for the measurement error introduced when both 

the (co)variance and mean of items are non-invariant. Researchers could instead stratify 

analyses by gender, depending on research design. However, for research questions that 

explicitly test gender differences, measurement invariance testing is a necessary minimum to 

understand how alcohol use assessments may vary for males and females and consequently 

over- or underestimate differences or associations with other variables of interest. Partial 

measurement invariance may reduce error during estimation when there is minimal metric or 

scalar non-invariance, but our results suggest that, especially for adults, multi-item alcohol 

use measures vary in function and form by gender.

Finally, even strict invariant models do not provide error-proof estimation; all models, at 

best, provide only a utilitarian approximation of reality [56]. Therefore, knowledge of 

measurement invariance is a barometer from which researchers can evaluate the usefulness 

and limitations of measures to inform the implementation of analytic strategies that attempt 

to minimize error during estimation. We encourage researchers to further investigate these 

differences, the examinations of which could reveal important between- and within-group 

differences in the developmental trends of alcohol use behaviors—and substance use more 

generally—across adolescence and adulthood.

These contributions should be considered in the context of limitations. First, we provide an 

age-graded assessment of measurement invariance during the transition to adulthood given 

that this is a particularly vulnerable time for the development of excessive alcohol use and 

alcohol use disorders [46]. However, we were unable to examine the measurement 

invariance of alcohol use in middle and late adulthood, another important age period for the 

development of alcohol use disorders [1,57,58]. Future studies should test measurement 
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invariance by age beyond the early thirties to illuminate sources of error and differences in 

alcohol use behavior across the lifespan. Second, although our three-item alcohol use 

measure reflects recommendations from NIAAA [26], there are many other commonly used 

measures of alcohol use that would benefit from such an assessment. Third, the time 

between Waves 1, 3, and 4 of the Add Health data averaged 6 years. Ideally, we would have 

assessed the within-person rates of change across 1 and 2 year age periods, but this was not 

possible with the Add Health data structure. Data that measure alcohol use across more 

incremental time frames, such as annually, may provide more nuanced and informed 

assessments of alcohol use behaviors across the transition to adulthood. Finally, this study is 

a methodological example of how alcohol use, as a construct, varies across developmental 

stages and does not necessarily reflect the many individual and contextual variables that 

might influence developmental and gendered differences in alcohol use, such as 

socioeconomic status, race, ethnicity, sexual orientation, and community level factors such 

as the availability of alcohol [59–62].

Future investigations of measurement invariance in developmental, etiological, and 

epidemiological studies could uncover important group differences that elucidate risk and 

strengthen understanding of alcohol use across the lifespan. Researchers should consider 

measurement invariance testing a standard part of their preliminary data procedures—

particularly when measuring alcohol and other substance use over time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Conceptual Measurement Model of an Alcohol Use Latent Construct with Three Observed 

Indicators.

λ = item loading; τ = item intercepts; θ = item residual variance.
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