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Abstract

The sociological study of the mental health of racial-ethnic minorities depends on 
the measurement quality of the instruments used to evaluate mental health. A 
commonly used instrument in research on mental health disparities, the Center 
for Epidemiologic Studies Depression Scale (CES-D), has not been thoroughly 
validated for use in the multiethnic and foreign-born populations currently living 
in the U.S. Using data from the National Longitudinal Study of Adolescent Health, 
this analysis provides the first multiethnic evaluation and psychometric analysis 
of the CES-D by acculturation level among youth ages 12–20. Correcting for the 
measurement problems contained in the CES-D improves the ability to detect 
differences in depression across ethnocultural groups, and to identify relationships 
between depression and other outcomes.
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In 1998, President Bill Clinton’s initiative to eliminate racial and ethnic disparities 
in health, including mental health, became a national priority (Office of Minority 
Health 2002; U.S. Department of Health and Human Services 1998). Census 2000 
data, showing rapid growth in our foreign-born and non-white populations, make 
this initiative all the more imperative. Hispanic and Asian populations are the 
fastest-growing segments of American society (U.S. Census Bureau 2003). And 
by 2050, non-Hispanic whites will no longer be the majority population in the 
U.S. (U.S. Census Bureau 2000).

To evaluate health disparities in an increasingly multiethnic population, social 
and health scientists require measurement instruments that provide culturally 
equivalent measures of health outcomes. Without such instruments, cross-ethnic 
comparisons of physical and mental health are problematic (Finch et al. 2002; 
McGee et al. 1999; Roberts 1990). 

Several health measurement instruments used in current U.S. community-
based surveys were originally designed to measure health outcomes in a primarily 
European-American population with native English speaking abilities. These 
instruments have not been thoroughly validated for use in the multiethnic and 
foreign-born populations currently living in the U.S. (Flores 2002).

With respect to mental health outcomes, the Center for Epidemiological 
Studies Depression Scale (CES-D) is one of these key measurement instruments. 
Developed in 1976 for use in general adult population (aged 18 or older), the 
standard CES-D is a 20-item self-report scale that measures depressive symptoms 
(Radloff 1977). Table 1 lists the items used in the CES-D. Although it may be 
used to identify populations at risk of developing clinical depression or anxiety 
disorders, it is not intended as a clinical diagnostic tool. Since its introduction, 
the CES-D has been used to assess depression risks in several populations 
(e.g., adolescent, elderly, ethnic and clinical populations) for whom it was not 
originally designed. Some of the national surveys that have used short (i.e., 4 to 
10 questions) and long forms (i.e., 20 questions) of the CES-D to measure the 
risk of depression include: the National Longitudinal Study of Adolescent Health 
(Add Health), the Health and Retirement Survey (HRS), U.S. National Alcohol 
Survey, the National Survey of Families and Households (NSFH), General Social 
Survey (GSS), the National Longitudinal Survey of Youth (NLSY), the National 
and Hispanic Health and Nutrition Examination Surveys (N-HANES, H-HANES), 
and The Commonwealth Fund Survey of the Health of Adolescent Girls.

We aim to evaluate the validity of the CES-D as a tool for making cross-
cultural comparisons regarding mental health in an adolescent population ages 
12–18. In this analysis, we focus on evaluating the measurement equivalence of 
the CES-D across four racial-ethnic groups (white, Asian, Hispanic and black). 
Within each racial-ethnic group, we also evaluate differences by immigrant 
generation (1st, 2nd and 3rd+). Through this systematic analysis of the CES-D 
we are able to identify a subset of five CES-D items that allow for comparisons 
in depression risk across the 12 ethnocultural groups in this sample.
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Table 1.  Center for Epidemiological Studies-Depression (CES-D)  
 Scale Questions

How often was each of the following things true during the past week?
Answers range from 0 (never or rarely) to 3 (most of the time or all of the time).

Negative Affect Items:
 (1) You felt depressed.

 (2) You thought your life had been a failure.
 (3) You felt sad.

 (4) You felt that you could not shake off the blues, even with help from your family and 
  your friends.
 (5) You were bothered by things that usually don’t bother you.
 (*) You felt life was not worth living.

Postive Affect Items:
 (6) You felt hopeful about the future.
 (7) You were happy.
 (8) You enjoyed life.
 (9) You felt that you were just as good as other people.

Somatic Complaint Items:
 (10) You didn’t feel like eating, your appetite was poor.
 (11) You had trouble keeping your mind on what you were doing.
 (12) You felt that you were too tired to do things.
 (13) You felt fearful.
 (14) It was hard to get started doing things.
 (15) You felt lonely.
 (16) You talked less than usual.
 (17) I had crying spells.
 (18) My sleep was restless.

Interpersonal Relations Items:
 (19) People were unfriendly to you.

 (20) You felt that people disliked you.

* The item “life” is an addition to the CES-D first made by Garrison (1991). The items “crying” and 
“sleep” in numbers 17 and 18 were excluded from the CES-D contained in the Add Health survey.

To our knowledge, this is the first multiethnic evaluation of the CES-D for 
use with adolescents of various immigrant generations. Previous analyses have 
been limited to one or two ethnic groups including Japanese (Kikuzawa 2001), 
Chinese (Kuo 1976; Ying 1988), Koreans (Noh et al. 1998), American Indians 
(Chapleski 1997; Curyto et al. 1998;), Russians (Dershem et al. 1996), and Mexican 
Americans, Puerto Ricans and Cuban Americans (Guarnaccia et al. 1989; Morton 
et al. 1989). Few analyses have evaluated the psychometric quality of the CES-D 
across acculturation levels or immigrant generations within an ethnicity (Roberts, 
Roberts and Chen 1997).
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By doing this analysis of the CES-D, we illustrate three methodological issues 
that should concern all social scientists developing scales for use in making 
cross-cultural comparisons. First, we demonstrate the importance of conducting 
multiple-group comparisons on the measurement structure of scales. Second, we 
illustrate the importance of creating scales from effect indicators (i.e., indicators 
that are determined by the latent variable or factor that they are presumed to be 
measuring). Third, we show how a failure to design cross-culturally equivalent 
measures and to model the measurement structure in analyses can lead to biased 
and inefficient estimates in statistical models.

In the first section of this article, we discuss the use of the CES-D in the 
sociology of mental health and illness and review the psychometric literature 
on the CES-D. We then review measurement theory and the requirements for a 
cross-culturally valid measure of the risk for depression. In the second section, 
we provide information on the data, measures and analytic techniques used in 
this analysis. The third section summarizes our results, and the fourth section 
concludes.

Background

the sociology of  mental health and illness

In viewing emotional life as molded by social structures, Marx, Weber, Durkheim 
and Simmel began a long history of research on psychological distress (Smith-
Lovin 1995). Since its development in 1977, the CES-D has become one of the 
most popular instruments for identifying psychological distress in community-
based samples (Link 2002; Schwartz 2002; Vega and Rumbaut 1991). Sociologists 
have used it, in regards to socio-economic conditions, to identify risk and 
protective factors for depression as well as the short- and long-term consequences 
of mental illness for individuals and their families (Cockerham 1989; Mirowsky 
and Ross 1989).

Much of the research using the CES-D has been conducted on elderly 
populations, as depressive symptoms begin to increase in midlife and the elderly 
tend to have more risk factors that are associated with depressive symptoms 
(Akiyama and Antonucci 2002; Ranzijn and Luszcz 2000; Schieman et al. 
2001). Risk factors for the elderly, for example, include impairment in physical 
functioning, disability, poor self-rated health, low education, lack of social 
support, retired status and widowhood or living alone (Hughes and Waite 2002; 
Hybels et al. 2001; Schieman et al. 2001). Among adults in general, risk factors 
for depression as measured by the CES-D include homelessness, poverty and 
material hardship, homosexuality, work among single mothers, transitions into 
a care-giving role, divorce and female gender (LaGory et al. 2001; Lewis et al. 
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2001; Marks et al. 2002; Petterson and Friel 2001; Sweeney and Horwitz 2001; 
Wilk 2001). Protective factors are represented commonly by the flipside of risk 
factors, with social support, network stability, volunteer work and marriage 
reducing symptoms of depression for adults (Bost et al. 2002; Simon 2002; Thoits 
and Hewitt 2001). Research that has focused on particular ethnic groups in the 
U.S. reports social support to be one of the most important protective factors 
and discrimination and acculturative stress important risk factors for depressive 
symptoms as measured by the CES-D (Finch et al. 2000; Vega, Kolody and Valle 
1986).

The CES-D has also been used in numerous studies of risk and protective 
factors associated with adolescent or young adult emotional health, with a handful 
focusing on particular race or ethnic groups. Protective factors for adolescents 
that have been identified include the family context and in particular, parent-
child relationships and parental support, while family risk factors include parental 
separation and divorce (Harker 2001; Videon 2002). Other family life stressors 
associated with depressive symptoms in young people include poverty and low 
socioeconomic status, single-parent household structure, and other negative life 
events (Gore et al. 1992; Harker 2001; Jackson and Finney 2002; Steinhausen 
and Metzke 2000). Involvement in certain risk behaviors has also been found to 
increase the risks of depression in youth, such as violence, especially in intimate 
adolescent relationships (Hagan and Foster 2001). Research on adolescents in 
specific ethnic groups finds that cultural orientation towards one’s own ethnic 
group accompanied by low acculturation into U.S. society is associated with 
depressive symptoms among Asian American youth (Wong 2001).

Much less research has been done on the consequences of depressive 
symptoms as measured by the CES-D, and almost all this research examines 
adult populations. For example, depression has been found to be associated with 
greater alcohol consumption in the short-term, and the combination of alcohol 
use and depression increases the likelihood of disease and mortality in the long-
run (Greenfield et al. 2002). Similarly, depressive symptoms lower individuals’ 
self-reports of quality of life items, such as satisfaction with family life, financial 
security and recreation (Michalos et al. 2000). Among adolescents, one study 
found higher levels of emotional distress to be associated with increased sexual 
risk behaviors and use of alcohol and drugs (Murphy et al. 2001).

In sum, the sociological and broader social science literature has relied 
extensively on the CES-D as a reliable measure of depressive symptoms, both in 
the adult and adolescent populations and in multiple race and ethnic groups. In 
addition, various studies use the CES-D to make racial and ethnic comparisons 
in the protective and risk factors associated with depressive symptoms, as well as 
in the effects of depressive symptoms on outcomes. The starting point for such 
research, however, is establishing the different levels of depressive symptoms 
according to race and ethnicity.
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In their review of the literature on the mental health of racial-ethnic minority 
groups in the United States, Vega and Rumbaut (1991) find few consistent 
patterns. Our own review, focusing on ethnic youth, also finds few consistent 
patterns. Comparisons between African Americans and their European American 
counterparts find a decreased likelihood of mental health disorders or depressive 
symptoms relative to European Americans, no difference, and an increased 
likelihood of mental health disorders and symptoms (Office of the Surgeon 
General 2001, Siegel 1998). Similarly, while some studies of Hispanic and Asian 
Americans find that they are more likely to report depressive symptoms than their 
European American peers (Portes and Rumbaut 2001; Roberts and Sobhan 1992; 
Tienda and Kleykamp 2000; Ying 1988), others find quite the opposite (Office 
of the Surgeon General 2001).

Although some of these ethnic differences in mental health may be explained 
by differences in the gender, age and socio-economic composition of each ethnic 
group (Office of the Surgeon General 2001), Vega and Rumbaut (1991) emphasize 
the importance of controlling for acculturation levels within racial-ethnic groups. 
Studies of immigrant youth have demonstrated that higher levels of acculturation 
to the U.S. are positively related to psychiatric disorder (Burnam et al. 1987; Portes 
and Rumbaut 1996; Vega et al. 1998), depressive symptoms (Harker 2001; Harris 
1999), and psychological distress (Kaplan and Marks 1990).

Psychometric Evaluations of the CES-D

Given the lack of consistent findings regarding differences in depression between 
ethnic youth, it is plausible that the scales used for detecting depression are 
measuring something different within groups being compared. Depression scores 
in various ethnocultural groups may be biased by response patterns that differ 
between immigrant and ethnic groups, not because a group actually has more/less 
disorders or symptoms, but because the group expresses psychopathology in a 
way not captured by measures developed from a Western conceptualization of 
depression (Vega and Rumbaut 1991). Previous studies suggest that Latinos and 
African Americans somatize their emotional/mental health into physical health 
constructs (Angel and Guarnaccia 1989; Angel and Worobe 1989; Finch 2002; 
Guarnaccia and Roberts 1990). Asians avoid expressing positive affect. They do 
not distinguish between emotional and physical well-being and identify a strong 
interpersonal component to depression (Kim 2002; Marsella et al. 1975; Noh 1998; 
Ying 1988). And some American Indian cultures have no concept of depression 
and instead focus on discouragement or demoralization (Roberts 1990).

In addition, recent research suggests that language significantly affects 
psychopathology in ethnic populations. Feelings reported in a native language 
may be expressed with more precision and emotion than those expressed in a 
second language (Cuellar and Roberts 1984; Roberts 1989). In part due to this 
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risk, the CES-D was originally not recommended for use in bilingual populations 
(Radloff 1977; Trieman 1975).

Lastly, unfamiliarity with questionnaires, social desirability, extreme 
responding and acquiescence can produce artificial cross-ethnic differences 
(Van de Vijver and Leung 2001). Researchers have found that Hispanics tend to 
show more extreme responses than non-Hispanic whites, and that this tendency 
decreases with time in the U.S. (Hui and Tiandis 1989; Marin et al. 1992; Ross 
and Mirkowsky 1984); younger and better educated respondents of a variety of 
ethnic backgrounds use more midpoint responses (Stening and Everett 1984); 
and respondents who are older, Mexican or of a lower socio-economic status are 
more likely to provide affirmative answers to survey questions (Mirowsky and 
Ross 1984; Ross and Mirowsky 1984).

Measurement Theory and the Use of the CES-D

Use of the CES-D to measure mental health outcomes for different racial, ethnic 
and immigrant generation groups (i.e., 1st generation, 2nd generation and 
3rd+ generations) requires measurement equivalence (also called, invariance) 
in the CES-D across these groups. There are two main levels of measurement 
equivalence: equivalence in model form and equivalence in model parameters 
(for more detailed expositions of these issues, see Bollen 1989).

At the most basic level, a scale must have the same structural form within 
groups before meaningful group comparisons can be made. Comparisons of 
scale values across groups assume that scale indicators correspond to the same 
basic underlying concepts (i.e., factors or latent variables) in each group being 
compared. If these underlying concepts are equivalent across groups, then the 
factor structure is equivalent across groups. If the dimensionality of the scale 
(i.e. number of factors) differs across groups or if the patterns of fixed, free and 
constrained parameters differ between groups, then the assumption of equivalence 
in structural form is violated.

Figure 1 illustrates the four most commonly identified structural forms for 
the CES-D: a single-factor model, a four-factor model, and two different three-
factor models with correlations between each factor. If the CES-D is structurally 
equivalent across groups, then we would expect to confirm the existence of the 
same form in each group. In other words, one of these diagrams should hold 
for all groups.

While structural equivalence is necessary for meaningful group comparisons, 
it is not sufficient. The next level of measurement equivalence requires that 
parameter estimates in the structural model be equivalent. These parameter 
estimates include factor loadings, factor co-variances and variances, factor means 
and intercepts, and error variances and co-variances. The equivalence of each of 
these sets of parameter estimates can be tested separately. It is up to the researcher 
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Figure 1.  Four Alternative Factor Patterns for the 19-item CES-D
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to decide which parameter estimates to test for equality across groups and in 
what hierarchical order. Ultimately, the similarity in parameter values, like the 
similarity in structural form, is a matter of degree.

When both the assumptions of structural and parameter equivalence are 
violated, the scale in question may be measuring different constructs (e.g., 
discrimination or self-esteem vs. depression) in each group; it is inappropriate 
to compare group means on the scale, and common statistical procedures such 
as regressions are no longer meaningful.

When scales are found to lack measurement equivalence across groups, 
researchers have two options. First, they can disaggregate the construct being 
measured into more discrete and equivalent sets of underlying concepts. Second, 
they can include a measurement model in their estimations. By explicitly modeling 
the measurement structure and allowing it to vary between groups, researchers 
can obtain unbiased and more efficient estimates of the primary relationships 
of interest. In this analysis, we use both approaches.

To help us disaggregate the CES-D and identify a cross-cultural equivalent 
measure of the risk for depression in each group, we focus on the fact that the 19-
item CES-D mixes effect indicators, cause indicators, and outcomes (Bollen and 
Lennox 1991). Techniques for the evaluation of multi-item scales (e.g., reliability 
estimates) rest on the assumption that all scale items are effect indicators. Effect 
indicators are determined by the latent variable or factor that they are presumed 
to be measuring and should be positively correlated. Causal indicators, in contrast, 
are indicators that determine the latent variable and may be either positively or 
negatively correlated with each other. Outcomes are not indicators at all but are 
consequences of the latent variable.

Figure 2 shows a hypothetical model of the 19-item CES-D with five effect 
indicators (depressed, life, happy, sad and blues), 11 cause indicators, and three 
outcomes (appetite, focus and start). As discussed by Bollen and Lennox (1991), 
“I felt depressed” and “I felt sad” are clearly effect indicators because we expect 
change in the latent depression variable to lead to a change in the response to these 
items. However, “I felt lonely” could be a cause indicator because loneliness may 
cause depression rather than vice versa. Similarly, feeling that people “disliked” 
you or were “unfriendly” could lead to depression. Appetite, focus and start are 
hypothesized to be outcomes because persons with depression often exhibit poor 
appetite, a reduced ability to concentrate or focus on what they are doing, and 
difficulty starting new projects. However, these outcomes may be associated with 
various other personality traits and/or physical and mental health problems. They 
are not exclusively indicators of depression.

To illustrate the consequence of correctly modeling the measurement structure 
of the CES-D, we evaluate probit estimates of the effects of depression on suicidal 
ideation using the traditional CES-D scale; an all-effect indicator version of the 
scale; and a structural equation model that incorporates the measurement model. 
Results from this analysis are presented in the final section of this paper.
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Through these probit analyses, we show that treating variables as effect 
indicators when they are actually causal indicators leads to model specification 
error, which can bias parameter estimates and lead to incorrect assessments of 
the relationships between variables (Bollen and Ting 2000). We can best eliminate 
this bias by focusing only on effect indicators in the measurement of the CES-D 
and incorporating the measurement model into our estimation.

Methods

data

The National Longitudinal Study of Adolescent Health (Add Health) is a 
nationally representative study of adolescents in grades 7 through 12 in the United 
States 1995. The study was designed to explain the causes of adolescent health and 
health behavior, focusing on the multiple contexts in which young people live. 
Add Health used a multistage, stratified, school-based, cluster sampling design. 
Included in the sample were students from 80 high schools (both public and 

Figure 2.  Hypothetical Model of Effect Indicators, Cause Indicators, and 
 Outcomes in the and Outcomes in the CES-D scale

Note: Asterisked items were removed from the Tetrad Analysis due to memory limitations in available 
computers.
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private) and a corresponding feeder junior high or middle school. While some 
minority ethnic groups were sampled in proportion to their size within the U.S. 
population, smaller ethnic groups, including Chinese, Puerto Rican and Cuban 
youth, were over sampled. This aspect of the Add Health makes possible the 
analyses we conduct by generation within racial-ethnic group (Harris 1999).

Add Health involves three waves of data collection and several data collection 
components. For the majority of this analysis, we use data from the in-home 
interviews conducted during the first wave of data collection. (For details on 
the Add Health design, see Bearman, Jones, and Udry 1997.) Interviews were 
completed with 20,745 youths at Wave I and 14,738 youths at Wave II. Due to 
missing data on sampling weights we excluded 1,782 youths from the analysis. 
An additional 59 youths were excluded because data on gender, age, ethnicity 
or immigrant generation were missing; or their primary ethnic identity was 
American Indian/Native American (N = 331). Comparisons across immigrant 
generations were not appropriate for the American Indian/Native American sub-
sample. Finally, after an analysis of non-response patterns to the 19-item CES-D 
measure contained in the Add Health survey, we excluded 113 observations for 
which data were missing on at least one of the CES-D items.1 The final analytic 
sample included 18,460 youths ages 12–21.2

measures

The primary variables of interest in this analysis are the 19-items of the CES-D 
measured in Add Health. Each item has a possible value ranging from 0 to 3 
(0 = rarely or none of the time, 1 = some of the time, 2 = a lot of the time, and 
3 = most or all of the time). As shown in Table 1, the items factor along four 
dimensions: negative affect, positive affect, somatic complaints and interpersonal 
relations (Radloff 1977). While some researchers have recommended scoring each 
dimension of the CES-D separately, most sum across all the items (positively 
worded items are reverse scored) to create a composite score ranging from 0 to 
60 (57 in our case). Higher scores indicate more prevalent depressive symptoms 
and a correspondingly greater risk of depression. Scores of 24 in females and 22 
in males are thought to represent clinical (DSM-defined) cases of depression in 
adolescents (Garrison 1991; Roberts et al. 1991). In clinical samples, these scores 
maximize the sensitivity (i.e., true positive rate) and specificity (i.e., true negative 
rate) of the CES-D instrument. (For a good overview of the properties of the 
CES-D and other widely-used symptom checklists, see Link and Dohrenwend 
1980.)

The CES-D instrument used in Add Health was missing two items: I had 
crying spells and my sleep was restless.3 Two items were worded differently than 
in the original CES-D: I felt that everything I did was an effort and I could not 
get going. One item was an addition to the original CES-D: I felt that life was not 
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worth living. The two changes in wording were in keeping with the development 
of the CES-D for children (Faulstich et al. 1986; Weissman et al. 1980). The 
additional item (I felt that life was not worth living) was first added to the CES-
D by Garrison and colleagues (1991) as an important component of depression 
in adolescents.

For this analysis, we evaluate the measurement of the CES-D across 12 
ethnocultural groups constructed by cross-classifying each adolescent’s primary 
race-ethnicity identification with his/her immigrant generation. Race-ethnicity 
was defined using the respondent’s self-reported ethnic identity (i.e., Hispanic/
Latino) and race (i.e., white, black/African American, Asian/Pacific Islander). 
The final variable included 4 ethnicity-race groups: (1) Hispanic of any race, (2) 
non-Hispanic Asian, (3) non-Hispanic black, and (4) non-Hispanic white. For 
immigrants and the children of immigrants, we validated their self-reported ethnic 
background with country of birth information (Harris 1999). Table 2 presents 
the distribution on this variable. Of the analytic sample, 54% were white, 22% 
black, 17% Hispanic, and 7% Asian.

Immigrant generation is defined by a three-category variable signifying that 
the adolescent is foreign-born to foreign-born parents (1st generation), U.S.-born 
to foreign-born parents (2nd generation) and U.S.-born adolescents to U.S-born 
parents (3rd+ generations or native) (Harris 1999). Adolescents in native-born 
families (3rd+ generations) may have grandparents or great grandparents who 
were immigrants, but because the immigration experience is much farther 
removed from the social context of their childhood and adolescent development, 
this category is considered the native population and the fundamental comparison 
group for immigrant children and the children of immigrants. The majority 
(77%) of the sample was native born (Table 2); and 2nd and 1st first generation 
immigrants comprised 15% and 8% of the sample, respectively. Reflecting general 
demographic trends in the U.S., there were few blacks (N = 77) and whites 

Table 2.  Sample Size by Race-Ethnicity and Immigrant Generation 
 (a percentage of total sample)a

 Immigrant Generation

Race-Ethnicity 3rd+ 2nd 1st Total

White 9,332 527 65 9,924 (54%)
Black 3,731 205 77 4,013 (22%)
Asian 174 569 579 1,322   (7%)
Hispanic 1,013 1,418 770 3,201 (17%)

Total 14,250 (77%) 2,719 (15%) 1,491 (8%) 18,460

a unweighted
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(N=65) and relatively larger numbers of Hispanics (N = 770) and Asians (N = 
579) within the 1st generation.

For use in our probit models, we also included measures of age, gender 
(Females = 1) and suicidal ideation. To measure suicidal ideation we combined 
data from Waves I (1995) and II (1996) of Add Health. Respondents were 
considered at risk for suicide in 1996 if they indicated that they had “seriously 
thought about committing suicide” in the 12 months preceding either their Wave 
I or Wave II interview. Due to missing data on suicidal ideation in either Wave 
I or II, our sample size for analyses using this variable was reduced to 18,397 
adolescents. Within this sample, 18% of the adolescents were at risk for suicide 
in either 1995 or 1996; 49% were female, and the average age was 16.

statistical models

We conduct confirmatory factor analyses (CFA) and multiple group analyses 
(MGA) using a maximum likelihood structural equation program called Mplus 
Version 2.13 (Muthen and Muthen 2003). Both CFA and MGA analyses require 
the estimation of measurement models that use structural equations to describe 
the relationship between latent and observed variables while allowing for 
measurement error.4 In these models, all variables are measured as deviations 
from their means and, by assumption, the measurement errors are uncorrelated. 
To adjust for the complex sample design of the Add Health data, we use weights 
in all analyses and adjust the estimates for clustering at the school-level (Chantala 
and Tabor 1999).5

As with any SEM package, Mplus provides several measures of fit that can 
be used to evaluate the model. These include a χ2 value, the Comparative Fit 
Index (CFI), and the Root Mean Square Error (RMSEA). (For details on these 
fit statistics, see Bollen 1989:256–289.) We report all three of these statistics. 
The null hypothesis that the model fits is not rejected if the χ2-value is less than 
expected given the degrees of freedom in the model, the CFI is approximately 
one, and the RMSEA is approximately zero. At a given level of accuracy, a more 
parsimonious model is preferable. Unlike the chi-square, the CFI and RMSEA 
are sensitive to parsimony.

analytic techniques

We begin our analysis by evaluating the dimensionality of the 19-item CES-D 
through a series of nested confirmatory factor models estimated among 3rd+ 
generation whites. Following Riddle (2002), four different factor structures are 
hypothesized (Figure 1).6 First, we estimate a single-factor model that represents 
the use of a composite CES-D score, and that assumes depression can be measured 
as a global, uni-dimensional construct. Second, we estimate the four-factor model 
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first identified by Radloff (1977) and repeatedly replicated by others using both 
exploratory and confirmatory factor analyses (Golding and Aneshensel 1989; 
Hertzog et al. 1990; Roberts et al. 1989, 1990; Sheehan et al. 1995). Next we 
estimate two three-factor models that have been identified as superior for some 
populations (Riddle, Blais and Hess 2002). The first two-factor model treats 
the negative and positive affect dimensions as opposite poles of a single affect 
continuum. In the second two-factor solution, the negative affect dimension is 
combined with the somatic complaints dimension. This dimensionality has been 
supported by research in ethnic and non-Western communities (Guarnaccia 
et al. 1989; Iwata and Roberts 1996; Manson et al. 1990; Somervell et al. 1993; 
Ying 1988).

To make statistical comparisons between a hierarchical pair of estimated 
CFAs, we set the metric for the latent variables by setting their variances equal 
to one. We then estimate an unrestricted CFA in which the correlations between 
latent variables are freely estimated. Finally, we estimate a second CFA in which 
we constrain the correlations between the latent variables to one. We can reject 
the null hypotheses that the latent variables are perfectly correlated if the change 
in χ2 between the restricted and unrestricted models is significantly large. If we 
reject the null hypothesis, then we can conclude that the factors measure distinct 
dimensions of depression and must be treated separately. By making a series of 
these nested comparisons, we can identify the best fitting factor model for the 
native (3rd+ generations) white population.7

After identifying the best fitting structural form for the measurement model, 
including its dimensionality in the native white population, we use MGA to 
evaluate the invariance of this dimensionality across our 12 ethnocultural groups. 
If we reject the hypothesis of structural invariance, this suggests that, at some 
probability level, each ethnocultural group manifests depression differently. 
Moreover, the CES-D is probably measuring something different within the 
groups being compared and mean values on the CES-D should not be used to 
make cross-group comparisons regarding the risk of depression.

If we reject the hypothesis of structural invariance, we use regression analysis 
to explore difference between groups in factor loadings, variance and covariance 
patterns, and factor means and intercepts. Using the parameter estimates from the 
MGA for the native white population as the dependent variables, we run three sets 
of regressions on the parameter estimates for each of the 11 other ethnocultural 
groups.8 The first regression set evaluates the equivalence of the factor loadings 
and co-variances between native whites and the other subpopulations. The second 
regression set evaluates the equivalence of the variances and residual variances 
between the native whites and the other subpopulations. The third regression set 
evaluates the equivalence of the means and intercepts between the groups. Thus, 
a total of 33 regressions are estimated and the number of observations in each 
regression is equal to the number of parameter estimates being compared. For 
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each regression, we can conclude that the estimated parameters are equivalent 
if both the intercept in the regression equation is zero and the slope in the 
regression equation is one.

As discussed earlier, factor analyses assume that all items in a scale are effect 
indicators. Therefore, one reason for a failure to find structural invariance across 
groups may be that a scale mixes effect, outcome and cause indicators. We 
hypothesize that only five of the CES-D items (depression, life, start, happy and 
blues) are effect indicators and that the remaining items in the scale are either 
outcomes of depression or cause indicators (Bollen and Lennox 1991). Using the 
Confirmatory Tetrad Analysis (CTA) designed by Bollen and Ting (2000), we test 
this hypothesis against the alternative hypothesis, assumed in the CFA, that all 
items are effect indicators.9 If, based on the Confirmatory Tetrad Analysis, we 
find that the new five-item CES-D is an improvement over the 19-item CES-D, 
we then repeat the previous analyses and evaluate the structural invariance of 
the five-item CES-D.

If we do not reject the hypothesis that the structural forms are invariant 
across groups, we can move down the measurement hierarchy and formally test 
for equivalence in the parameter estimates of our measurement model. Our 
formal test for equivalence in the parameters include the following: (1) a test 
for the equivalence of factor loadings, (2) a test for the equivalence of factor 
loadings and means, (3) a test for the equivalence of factor loadings, means and 
intercepts, (4) a test for the equivalence of factor loadings, means, intercepts and 
variance-covariances, and (5) a test for the equivalence of factor loadings, means, 
intercepts, variance-covariances and error variances-covariances.10 We conduct 
these equivalence tests using MGA and comparing the difference in fit statistics 
(χ2, CFI, and RMSEA) of the more constrained model with equal parameters to 
the unconstrained model. For several of our analyses, differences in χ2-values are 
significant but the CFI and RMSEA fit statistics suggest that the more constrained 
model fits well. Because of our large sample size, it is not unusual for the χ2-
difference to be large despite the fact that the constrained model fits well. This is 
similar to the problem in regression analyses of large samples where researchers 
find that coefficients are statistically different from zero although these differences 
are very small and not particularly meaningful. For this reason, it is more prudent 
to base our findings on the CFI and RMSEAs.

Lastly, to demonstrate the importance of correcting for measurement 
inequivalence and measurement error when using the CES-D, we estimate 
three probit regressions of suicidal ideation on depression. The first model is 
a standard probit model of suicidal ideation on the 19-item CES-D measure. 
The second model is a standard probit model of suicidal ideation on the five-
item CES-D measure. The third probit model is estimated through structural 
equations and includes a measurement model of the five-item CES-D. To ensure 
the comparability of the coefficients on depression in these probit models, the 
standard deviations of the depression variable are adjusted to equal each other.
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Results 

exploratory analysis

Although we question its appropriateness for this scale11, with Cronbach’s alphas 
ranging from .85 to .89, the 19-item CES-D appears to be highly reliable within 
each of our 12 ethnocultural groups. Moreover, these reliability estimates are 
consistent with Cronbach’s alpha measured in other samples (Doerfler et al. 1988; 
Roberts et al. 1990; Schoenbach et al. 1982; Tolor and Murphy 1985). Similarly, 
mean CES-D scores and case rates (i.e., the percentage of the sample identified with 
DSM-defined depression) are comparable to the means and rates found in other 
studies of adolescent youth (Radloff 1991; Roberts et al. 1990; Roberts, Roberts 
and Chen 1997; Vega and Rumbaut 1991). The mean CES-D score in our sample 
is 11, and 7.7% of the sample is at risk of clinical depression. A comparison of 
means across our 12 ethnocultural groups suggests that 3rd+ generation blacks; 1st 
generation Asians; and 1st, 2nd, and 3rd+ generation Hispanics are at significantly 
(p < .05) greater risk for depression than their white counterparts.12 Clinical cases 
of depression were lowest (4–5%) in 1st and 2nd generation blacks and highest 
(12%) in 2nd generation Hispanics. However, as discussed above, the Cronbach’s 
alpha, means, and case statistics are not appropriately measured unless we find 
that the CES-D meets the criteria for invariance in structural form and parameters 
estimated for the measurement model.

Factor Structure Among 3rd+ Generation Whites

The first panel of Table 3 shows the fit indices for the four hypothesized 
measurement models (i.e., the single-factor model, the three-factor model 
combining the somatic and negative affect dimensions, the three-factor model 
combining the negative and positive affect dimensions, and the four-factor model). 
The CFI value of .91 for the four-factor model is just above the conventional cutoff 
value of .90 (Bentler and Bonet 1980) and the estimated correlations between 
the four latent variables ranged between .52 and .84. While the two three-factor 
models present an improvement over the single-factor model, the chi-square 
difference test indicates that the four factor model provides a statistically better 
fit than either the combined negative-positive affect three factor model (Δχ

df=3
 = 

2,420) or the combined somatic complaints-negative affect model (Δχ
df=1

 = 319). 
Thus, we use the four-factor CFA model as the primary bases for our multiple 
group comparisons. Complete results for the four-factor model are reported in 
the online Technical Appendix on the Social Forces Web site (http://socialforces.
unc.edu).
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multiple group and regression analysis of  the 19-item 
ces-d

The second panel in Table 3 shows the fit statistics for the multiple group 
comparison of the 19-item CES-D. These results reveal that the four-factor 
measurement model does not fit the data well for the 11 other ethnocultural 
groups in our sample. We can reject the hypothesis that the structural form of 
the CES-D is equivalent within each of our ethnocultural groups. Thus, for one 
or more of our ethnocultural groups, one of the alternative measurement models 
pictured in Figure 1 may be more appropriate.

Table 3.  Comparisons of Competing Models

Model N Chi-sq df CFI RMSEA

CFAs in 3rd+ Generation Whites

Single-Factor Model 9,332 7,287 152 .804 .071
Three-Factor Model 9,332 5,438 149 .855 .062
Three-Factor Somatization Model 9,332 3,181 149 .917 .047
Four-Factor Model 9,332 2,616 146 .932 .043

MGAs in 12 Ethnocultural Groups

Four-Factor Model (19-item CES-D) 18,460 9,256 1,752 .908 .053
Single-Factor Model (5-item CES-D) 18,460 192 60 .992 .038

Confirmatory Tetrad Analysis in 3rd+ Generation Whites

All-Effect Model 9,332 1,907 119 — —
Cause-Effect-Outcome Model 9,332 1,643 83 — —
Cause-Effect Model 9,332 1,267 54 — —

MGA Equivalence Tests for 5-Item CES-D in 12 Ethnocultural Groups

(1) Factor Loadings (FL) 18,460 349 104 .985 .039
(2) FL + Means (M) 18,460 400 115 .982 .040
(3) FL + M + Intercepts (I) 18,460 605 159 .972 .043
(4) FL + M + I + Variances (V) 18,460 629 170 .971 .042
(5) FL + M + I + V + Error Variances 18,460 1,498 225 .920 .061

Note: The power of the chi-square difference test is larger in big samples than in small ones.
Given the large size of our sample, it is helpful to examine other measures of fit as well. The CFI and 
RMSEA statistics are less sensitive to sample size and take account of the degrees of freedom in the 
model. Mplus version 2.13, which was used for this analysis, did not allow estimation to simultaneously 
account for design effects and the categorical nature of the CES-D. Therefore, all models were estimated 
with and without clustering and weighting. Our results were robust to the estimation technique.
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As described above, we explore the sources of variation in the measurement 
models between 3rd+ generation whites and each of the 11 other ethnocultural 
groups using regression analyses. These results (not shown) indicate that the 
structural invariance between groups may be driven not only by differences in the 
dimensionality of the CES-D within each group but also by differences between 
groups in the loadings, variance-covariance patterns, factor means and factor 
intercepts. The differences in parameter estimates from the MGA are greatest for 
Hispanics of all generations, 2nd and 3rd+ generation blacks, and 3rd+ generation 
Asians. In contrast, the measurement model identified for the 3rd+ generation 
whites appears to fit 1st and 2nd generation whites well.13

confirmatory tetrad analysis

We hypothesize that the reason why the four-factor solution model does not fit 
the non-white groups well is because the current CES-D mixes effect indicators 
of depression, causal indicators of depression and outcomes of depression. Be-
cause classic measurement theory and factor analyses presume that all indicators 
are effect indicators, the inclusion of causal and outcome indicators in the CES-
D leads to model specification error, which can bias parameter estimates and 
lead to incorrect assessments of the relationships between variables (Bollen and 
Lennox 1991). Using Confirmatory Tetrad Analysis (Bollen and Ting 2000) with 
the native white subsample14, we tested whether all items in the CES-D were 
effect indicators (all-effect model); whether only the items “blues,” “depressed,” 
“happy,” “sad” and “life” are effect indicators and the other items are cause indi-
cators (cause-effect model); and whether the items “appetite,” “focus” and “start” 
are better treated as outcomes (cause-effect-outcome model).15,16

Because these models are nested within each other, identifying the best 
fitting model simply requires calculating three chi-square differences. The null 
hypotheses in these tests are that the cause-effect-outcome model is a better fit 
than the all-effect model; the cause-effect model is a better fit than the all-effect 
model; and the cause-effect model is a better fit than the cause-effect-outcome 
model. As reported in the third panel in Table 3, results from the Confirmatory 
Tetrad Analysis indicate that the cause-effect model is the best fitting model. 
Because the inclusion of cause indicators in the CES-D violates classic test theory, 
we can improve the measurement quality of the CES-D by eliminating these 
indicators. This leaves us with a new five-item CES-D. 

multiple group analysis of  the five-item ces-d

By conducting a new MGA of the five-item CES-D, we evaluated the extent to 
which our shortened CES-D improved the structural invariance among our 12 
ethnocultural groups. As before, the measurement model fitted for the 3rd+ 
generation whites is set as the comparison group. Complete results for this 
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model are provided in the online Technical Appendix.17 All the fit indices from 
the MGA clearly support the hypotheses that the five-item CES-D is structurally 
invariant across the groups (see Table 3, panel 3).18

Since we do not reject the hypothesis that the structural form of the five-item 
CES-D is invariant across the groups, we move down the measurement hierarchy 
to evaluate the equivalence of parameters. The last panel of Table 3 provides the 
results of these equivalence tests. We fail to detect substantively large differences 
in the parameter estimates (i.e., loadings, covariances, variances, means and 
intercepts) for all indicators considered together.19 These results support the 
conclusion that all parameters estimates are equivalent across the groups. In 
contrast to the 19-item CES-D, the five-item index of depressive symptoms can 
be appropriately used to make inter-group comparisons.20

additional psychometric properties of  the five-item ces-d

Since each of the items in our shortened CES-D scale is an effect indicator, we 
can appropriately evaluate the internal consistency of the scale by looking at 
inter-item correlations and standard measures of reliability such as Cronbach’s 
alpha. The Cronbach’s alpha for the shortened CES-D is .78 in the full sample. 
The alpha is somewhat lower, for non-white, first-generation immigrant youth 
(.74), and blacks (.73).21

We can also consider the appropriateness of using the scale items to create 
a linear composite as a substitute for the latent variable in regressions or other 
similar analyses (Bollen and Lennox 1991). One common linear composite is an 
equally weighted sum of the scores on each item. For our short CES-D measure, 
this would produce a score ranging from 0–15 for each respondent. For our 
sample, the mean on this score is 2.5. It varies from 2.0 among 1st generation 
whites to 3.1 among 2nd generation Hispanics. Comparisons of means across 
groups indicate that black 3rd+ generation youth and Hispanic 2nd and 3rd+ 
generation youth are at greater risk of depression than their white counterparts. 
Thus, the pattern of mean differences in the CES-D scores using the five-item 
scales is similar to the pattern identified using the 19-item scale. While the same 
general pattern for differences in means across ethnicity and generation was 
identified using the 19-item and five-item scales, this does not diminish the 
importance of using a structurally invariant measure of the risk of depression or 
any other scale. The lack of structural invariance can have substantial effects on 
mean differences. Moreover, as can be seen in the next section, the measurement 
structure of a scale can influence the relationships between other independent 
and dependent variables in multivariate analyses.

Using a composite score poses no problem as long as depression is being 
evaluated as the dependent variable. However, using a composite score as an 
independent variable may introduce bias into any estimation unless the squared 
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correlation between the composite score and the latent variable depression is high 
(a correlation of at least .90 is recommended by Bollen 1980).

To calculate the squared correlation of the index and its latent variable, we 
used the formula for reliability given by Bollen (1980):22

The reliability of our five-item CES-D is .81. This means that 19% of the 
variance in the five-item CES-D is attributable to measurement error. The 
reliability is not high enough so that we can safely say that a researcher can ignore 
the measurement error. Thus, whenever possible, researchers should follow our 
example below and incorporate a measurement model into their estimations.

illustrations of  the effects of  bias in the ces-d

In Table 4, we present the results of our three probit estimations of suicidal 
ideation. The estimated relationship between suicidal ideation and depression 
change substantially between each model. The 19-item composite has the second 
highest coefficient of the three approaches. This is not surprising given our 
support for the mixed cause-effect model where some of these measures were 
determinants of depression while others were effects of it. As such the indicators 
are associated with depression. Adding indicators together results in an index that 
will correlate with the latent depression variable even if the indicators are not all 
effects of the construct. There are two main problems with this strategy: (1) even 
an index of 19 items is not a replacement for the latent variable, and (2) our earlier 
tests showed that the relation of these 19 indicators to the depression construct 
is not the same across groups. The former problem means that measurement 
error is present in the depression measure and will bias the estimates. The latter 
means that the composite scores are not directly comparable across groups, and 
this too can distort the estimates.

The estimated relationship between depression and suicidal ideation is almost 
20% lower when we use the five-item CES-D in place of the 19-item CES-D. The 
estimated relationship is over 10% higher when the five-item CES-D is used and 
we adjust for the measurement error in the scale. These results demonstrate a 
sizable upward bias in the estimated relationship between depression and suicidal 
ideation due to the structural inequivalence of the scale across ethnocultural 
groups. In other words, the full CES-D predicts suicidal ideation better than 
the five-item form, but it achieves this because it taps constructs other than 
depression.

This bias not only affects the results on the depression variable but it also 
affects independent variables included in the model. For example, under the 
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correctly specified model, we find that the blacks are approximately 50% less 
likely to report suicidal ideation, whereas Asians are 100% more likely to report 
suicidal ideation. The effects of being in the 1st generation are reduced 14%; 
the effects of being female are increased over 50%; and the effects of age are 
reduced to near zero. These are sizable and substantive changes. Because of the 
correlation between other independent variables and measurement error in the 
depression index, the use of standard probit estimation techniques also results 
in considerable inefficiency in the estimates of other independent variables. The 
standard errors of the estimates in the SEM model are reduced considerably 
and significant relationships are more easily detected. Clearly, the structural and 
measurement problems with the original CES-D have important consequences 
for the conclusions we make regarding the effects of depression risk and other 
correlated variables on adolescent well-being.

Discussion

As the diversity of the U.S. population increases, researchers have sought to 
identify and explain mental health disparities between minority youth and 
the majority population. Based on this research, mental health providers and 
policymakers are designing treatments and interventions to eliminate mental 
health disparities.

The legitimacy of these research findings and the programs and policies 
developed from them hinges, in part, on the validity of the instruments used 
to measure mental health outcomes. To allow cross-ethnic or cross-cultural 
comparisons, survey instruments designed to measure mental health must 
be evaluated for their psychometric or measurement equivalence within each 
ethnocultural group.

In this analysis, we have shown that the most commonly used survey 
instrument to measure mental health, the CES-D, is not psychometrically 
equivalent across either race-ethnicity or immigrant generation. As a result, 
research using the CES-D may lead to erroneous conclusions about mental health 
disparities in the U.S. adolescent population. We have designed an abbreviated, 
five-item version of the CES-D that can be used for cross-cultural comparisons 
among adolescents living in the U.S.

The five items included in our abbreviated CES-D (i.e., blues, depressed, happy, 
sad and life) are all effect indicators that loaded strongly on either the positive 
affect or negative affect dimensions of the full CES-D. Thus, the abbreviated 
CES-D has been stripped of causal indicators, outcomes of depression and items 
related to somatic complaints and interpersonal relationships. Previous research 
has shown that somatic complaint items and items regarding interpersonal 
relationships are more likely to be biased by health status, gender, age and race 
than other items in the CES-D (Cole 2000; Office of the Surgeon General 2002; 
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Vega and Rumbaut 1991). Moreover, these items are more likely to be related 
to other constructs (e.g., loneliness, discrimination and physical illness) and 
have less discriminate validity. On a more technical level, the use of causal 
indicators and outcome indicators in the CES-D violates the assumptions of 
classical measurement theory. As a result, standard psychometric statistics such 
as Cronbach’s alpha and factor analysis are not valid for the full CES-D.

Previous research on the effects of reducing the length of the CES-D scale 
shows that, on average, five-item versions of the CES-D are nearly as sensitive 
and specific as the full 20-item scale (Shrout and Yager 1989). The selection of 
items for these abbreviated scales is typically based on high correlations with the 
total CES-D score, discriminant function analyses or factors analyses that focus 
on items with the highest loadings in each factor (Andresen et al. 1994; Shrout 
and Yager 1989). These selection methods, however, presume that all items are 
effect indicators and that the scale is psychometrically equivalent across groups. 
Although derived through different means, our five-item CES-D is quite similar to 
other abbreviated versions of the CES-D. The items “depressed,” “sad” and “happy” 
are commonly included in most abbreviated versions of the CES-D (Andresen et 

Table 4.  Probit Models for Effects of Depressive Symptoms on Suicidal 
 Ideation

 Standard Estimation Standard Estimation SEM Estimation
Variables Betas (s.e.) Betas (s.e.) Betas (s.e.)

CES-D 19-Itema .540 (.019)**  —  —  — —
CES-D 5-Itema  —  —  .438 (.017)** .608 (.008)**

White  —  — — — — —
Black –.302 (.052)** –.241 (.047)** –.172 (.026)**

Asian .064 (.084) .095 (.080) .131 (.056)*

Hispanic –.058 (.058) –.012 (.058) .050 (.031)
1st Generation –.409 (.073)** –.357 (.074)** –.350 (.052)**

2nd Generation –.097 (.061) –.060 (.060) –.051 (.031)
3rd+ Generation  —  —   —  —  — —
Female .204 (.034)** .182 (.034)** .316 (.016)**

Age –.047 (.009)** –.029 (.008)** –.006 (.004)
Constant –1.000 (.147)** –1.345 (.136)**  –– ––

Chi-sq (df = 21)  —  —   —  —  2,798 —
F (8, 121) 140   —  130  —  — —
Observations 18,397   — 18,397  — 18,397 —

a To allow for comparisons across models, the 19-item and five-item CES-Ds have been transformed 
so that their standard deviations equal .896, the standard deviation of the latent variable for 
depression in the SEM estimation.

* p-value < .05, **           p-value < .01
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al. 1994; Kohout et al. 1993; Shrout and Yager 1989).23 The item “life” is not often 
included and may sometimes be unavailable to researchers using adult versions 
of the CES-D scale. Fortunately, this poses no problem since the “Life” item can 
be eliminated from our abbreviated CES-D without undermining the invariance 
and reliability of the shortened scale.

While our proposed five-item CES-D improves the cross-cultural 
comparability of the CES-D, researchers studying the causes and consequences 
of depression within a particular ethnocultural group may prefer using more 
culturally-grounded instruments for depression. This is especially true when 
researchers aim to diagnose clinical depression in minority populations. Through 
our analysis we identify five items that measure aspects of depression common to 
our ethnocultural groups, and that can be included for comparative purposes in 
population-based surveys. However, culturally bounded measures of depression 
may be more appropriate when the researchers do not intend to make cross-
cultural comparisons.

Finally, we do not claim that the five-item CES-D developed and evaluated 
here is the best cross-cultural measure of depression risk. Other researchers may 
extend this analysis by evaluating alternative measurement models using other 
items that are effect indicators and that allow for measurement equivalence 
across ethnocultural groups. Others may also extend this analysis by evaluating 
the equivalence of the scale within smaller ethnocultural groups and by gender 
within these groups. We have based this analysis on the pan-ethnic categories 
most commonly used by social scientists and health researchers. An important 
next step is to establish the equivalence of the CES-D within these pan-ethnic 
categories.

Although focused on the CES-D, this research has called attention to the 
overall importance of evaluating the structural equivalence of multiple-item scales 
before meaningful group comparisons can be made. The common techniques 
used to evaluate the reliability and empirical validity of multiple-item scales are 
not sufficient to establish the appropriateness of scale. As the diversity of the U.S. 
population grows and as researchers increasingly adapt measurement instruments 
for use in multiethnic populations, evaluations of the cross-cultural comparability 
of these instruments must become a priority.

Notes

1. The rate of item non-response did not differ across items. However, persons who did 
not respond to at least one item were more likely to be non-white and a member of the 
first-generation. In fact, logit analyses indicated that first generation immigrants were more 
likely than U.S.-born, 3rd+ generation immigrants to have missing data on all CES-D items; 
and 2nd generation immigrants were less likely to have missing data on three CES-D items 
–– sad, good and hopeful. Controlling for immigrant generation, only three significant 
race-ethnicity differences in item non-response were found. Hispanics were more likely not 
to respond to the CES-D items failure, unfriendly and disliked. There were no significant 
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differences in item non-response by gender or age. Because item non-response was so minor, 
these differences do not bias our analyses.

2. The vast majority of adolescents in Add Health are ages 13–19. Adolescents younger than 
13 or older than 19 either entered school early or were held back during high school.

3. In studies of item-response biases, the “crying” item, the item “talked less,” and two 
interpersonal items, “people unfriendly” and “people disliked me,” have been found to be 
gender-, age- and race-biased (Cole et al. 2000; Stommel et. al. 1993).

4. Using LISREL notation, the measurement model for observed independent and dependent 
variables can be written respectively as the following:

 x = ν
x 
+ Λ

x
ξ+ δ (1)

 y = ν
y 
+ Λ

y
η+ ε (2)

In equations (1) and (2), ν (upsilon) is the intercept, Λ
 
(lambda) is a matrix of factor loadings 

describing the expected change in the observed vector of x- and y-variables for a unit change 
in the exogenous latent variable vector ξ (xi) and the endogenous latent variable vector η (eta). 
The measurement errors are given by the vectors δ (delta) and ε (epsilon). The covariances 
among these errors constitute Θ

δ
 and Θ

ε
, respectively. The factor means are equal to Κ (kappa) 

such that E(ξ) = Κ. The structural part of the model is given by the following:

 η = α
ν 

+ Βη + Γξ + ζ (3)

Regarding the above equation, α is the intercept, Γ is the expected effects of the endogenous 
latent variable and exogenous latent variables, Β describes the relationship among endogenous 
latent variables, and ζ is a vector of measurement errors. The covariance among exogenous 
latent variables is given by Φ. In these models, Ε(ζ) = Ε(ε) = Ε(δ) = 0, Ε(ζξ’) = Ε(εη’) = 
Ε(δξ’) = 0, and E(ε

i
,ε

j
) = 0 for i ≠ j

5. Ideally, we would like to account for the fact that each CES-D item is a categorical (not 
continuous) variable. We used Mplus version 2.13. It and the other SEM packages that were 
available at the time of analysis were not able to simultaneously account for both the design 
effects and categorical nature of our observed variables. The use of clustering and weighting 
in SEM is an area of intense methodological research (Satorra and Muthen 1995). For this 
reason, we tested the sensitivity of our results to different estimation approaches. First, we 
estimated models that took into account the categorical nature of the CES-D items in lieu 
of the design effects. Our results were not altered. Second, we estimated all models with and 
without adjustments for clustering and weighting. Again, our results were not altered by 
differences in the estimation. For the interested reader, precise information about estimation 
with clustering and weights in Mplus can be found in Asparouhov (2004).

6. Additional two-factor and three-factor models were evaluated. In the two-factor models, 
one factor was presumed to be one of the following: negative affect, positive affect, somatic 
complaints or interpersonal relations. All the other items were presumed to load on a single 
second factor. In the other three-factor models, the somatic complaints and interpersonal 
relations factors were combined; the somatic complaints and positive affect factors were 
combined; the negative affect and interpersonal relations factors were combined; and 
the positive affect and interpersonal relations factors were combined. Thus, we actually 
compared all possible single-factor, two-factor, three-factor and four-factor solution models 
by estimating a total of 12 CFAs.

7. To estimate these models, we must also set the variance of the latent variables to 1. This 
sets the metric of the latent variables.
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8. Three separate regression sets are required because of the differences in the scales of each 
set of parameter estimates.

9. Our focus on these five items as effect indicators was driven by previous empirical research 
and discussions with psychologists. This is a quasi-empirical approach designed to reduce 
the number of alternative hypotheses regarding the structure of the scale to be tested. A fully 
empirical approach would require testing every possible combination of effect, outcome 
and cause indicators possible using the nineteen items in the CES-D scale. There are several 

thousand possibilities. Thus, a fully empirical approach would be infeasible.

10. Using LISREL notation, these hypotheses can be written as the following: (1) Λ1 = Λ2 
= . . . Λ12, (2) Κ1 = Κ2 = . . . Κ12, (3) ν

x
1 = ν

x
2 = . . . ν

x
12, (4) Φ1 = Φ2 = . . . Φ12, and (5) Θ

δ
1 

= Θ
δ

2 = . . . Θ
δ

12.

11. We have reported the Cronbach’s alpha because it is so commonly used as a measure of 
reliability for the CES-D and other scales. However, Cronbach’s alphas are only appropriate 
if a scale is uni-dimensional with no correlated errors between items, equal factor loadings 
across items and equal error variances.

12. A bonferroni adjustment for multiple group comparisons was made.

13. Detailed results from the Multiple Group Analysis and the regression analyses are 
available in an online Technical Appendix (see the Social Forces Web site: http://socialforces.
unc.edu).

14. Bollen (1991) derived a test statistic, T, that tests multiple vanishing tetrads simultaneously: 
 where N is the sample size, t is a vector of the independent sample tetrad differences, 
and      is the inverse of the covariance matrix of the limiting distribution of t as N goes to 
infinity. The T statistic asymptotically approximates a chi-square statistic with degrees of 
freedom equal to the number of vanishing tetrads considered in the test. Therefore, differences 
between nested models can be evaluated as the change in chi-squares between the restricted 
and unrestricted model.

15. These types of analysis require a significant amount of computer memory, due to 
limitations in the memory available for this analysis, only 17 of the 19 CES-D indicators in 
Add Health were included in the analysis. The two excluded indicators were the following: 
(1) You felt that you were just as good as other people, and (2) You talked less than usual. 
The item “talk less” has been found to be a gender-biased item in previous analyses (Stommel 
et al. 1993). And the item “good” is thought to measure self-esteem. Both items also had the 

lowest factor loadings among the native white adolescent population.

16. This is a quasi-empirical approach that relies on first hypothesizing a model of effect, 
cause and outcome indicators. Several thousand models are possible. For example, future 
researchers could test whether a different 10-item measure might be an improvement over 
both the 19-item and our five-item measure. However, our discussions with a psychologist 
and our review of the empirical literature suggest that the five items identified are the only 
true effect indicators in the CES-D scale.

17. Complete results for each of the ethnocultural groups are included in the online Technical 
Appendix, located on the Social Forces Web site: http://socialforces.unc.edu.

18. The χ2 statistic is particularly large due to our large sample size. For this reason, we also 
present the CFI and RMSEA.
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19. As discussed in a previous methodology section, our findings are based on the CFI and 
RMSEA. Because of the large N, differences in chi-squares are statistically significant without 
being analytically meaningful.

20. Detailed results from these Multiple Group Analyses are available in the online Technical 
Appendix.

21. Measures of reliability generally increase with the addition of items to a scale and decrease 
as they are removed. This is true even when those items are relatively poor indicators of the 
latent variable and indicators that are subject to measurement variance across ethnocultural 
groups. The mean of inter-item correlations is less sensitive to the number of indicators 
in a scale. For each of the ethnocultural groups in our study, the mean of the inter-item 
correlations for the five-item CES-D is higher than the mean of the inter-item correlations 
for the 19-item CES-D.

22. This measure of reliability can be calculated using the loadings and variances of the 
loadings provided in any standard output for factor analyses. This measure of reliability is 
more general and less restrictive in its assumptions than the Cronbach’s alpha. The Cronbach’s 
alpha assumes that factor loadings for each item in the scale equal 1 and that the variance 
of the factors is equal to one another.

23. The item “enjoy” is also commonly included in abbreviated CES-D scales and may be 
an effect indicator. However, including it in the abbreviated scale would result in a two-
dimensional scale with correlated errors between the four negatively and two positively worded 
items. By including only one of the positively worded effect indicators in the model, we avoid 
this complication without any significant loss in the reliability of the abbreviated index.
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