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Abstract

Background: Previous research on the Center for Epidemiol8giclies Depression Scale (CES-
D) has five main limitations. First, no study prded evidence of the factorial equivalence of this
instrument across samples of depressive and contymaniticipants. This is intriguing regarding
that the CES-D was specifically designed to idgrdiinical depression in epidemiological
communityadults. Second, only one study relied on systentesits of measurement invariance as
implemented within confirmatory factor analyses fZ&nd this study did not consider the higher
order depression structure, although it is the C&febal scale score that is most often used in
the context of epidemiological studies. It thus a@m unknown whether the commonly
recognized gender differences in depression coalletlated or not to measurement biases. Third,
few studies investigated the screening properfitiseoCES-D in non-English samples and their
results have been inconsistent. Fourth, althougliFtench version of the CES-D has previously
been used in several studies, it has never betensgscally validated among community and/or
depressed adults. Finally, very few studies totd atcount the ordered-categorical nature of the
CES-D answer scale. The purpose of this study nasto examine the construct validity (i.e.
factorial, reliability; measurement invarianceglat mean invariance; convergent; screening
properties) of the CES-D in a French sample of eleg®d patients and community adults.
Methods: A total sample of 469 participants, comprising téBically depressed patients and
306 community adults, was involved in this studige Tactorial validity and the measurement and
latent mean invariance of the CES-D, across geawtgclinical status, were verified through
CFAs based on ordered-categorical items. Correlatial receiver operator characteristic curves
were also used to test the convergent validitysameening properties of the CES-D.

Results: The present results (i) provided support for #etdr validity and reliability of a second-
order measurement model of depression based dPEBeD items; (ii) revealed the full
measurement invariance of the first- and secondrargtasurement models across gender; (iii)
showed the partial strict measurement invarianmer @iniquenesses had to be freely estimated,
but the factor variances-covariances matrix alsweu fully invariant) of the first-order factor
model and the complete measurement invarianceeafe¢bond-order model across patients and
community adults; (iv) revealed a lack of latentaménvariance across gender and across clinical
and community subsamples (with women and patiepsrting higher scores on all subscales and
on the full scale); (v) confirmed the convergeritdity of the CES-D with measures of
depression, self-esteem, anxiety and hopelessmedgyi) demonstrated the efficacy of the
screening properties of this instrument among @ilnand non-clinical adults.

Conclusion: This instrument may be useful for the assessmatemressive symptoms or for the
screening depressive disorders in the contextiokepological studies targeting French patients
and community men and women with a background amhil those from the present study.

Keywords: Cut-off scores; Confirmatory factor analyses; @edecategorical items; WLSMV;
CES-D; Depression, Mood disorders; Diagnosis; Coyeset validity.
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Résumé

Position du probléme:Les études antérieures sur I€enter for Epidemiologic Studies
Depression Scale (CES-DB)comportent cing principales limites. Premierethancune étude

n’est parvenue a mettre en évidence I'équivaleacwfielle de cet instrument aupres d’'adultes de
la population générale et dépressie. constat est surprenant puisque le CES-D a gpésifient

été développé pour identifier la dépression cliaigans des études épidémiologiques menées
aupres de la population générale. Deuxiemementseme étude, & notre connaissance a eu
recours a des tests systématiques d’invariancenptogant des analyses factorielles
confirmatoires (AFC)et elle n’inclut pas la structure de second-ordréaddépression, alors que

le score global du CES-D est tres souvent utilestsde contexte d’'études épidémiologiques. |l
est actuellement impossible de savoir si les difiées de genre communément admises au niveau
de la dépression peuvent étre reliées ou non hidissde mesure. Troisiemement, peu d’études
ont étudié les propriétés de dépistage du CES-Praupéchantillons non-anglophones et leurs
résultats sont inconsistants. Quatriemement, hienayjversion francaise du CES-D ait
préalablement été utilisée dans plusieurs étutlesy’a jamais été systématiquement validée
auprés d’adultes de la population générale et/ptedéifs. Finalement, peu d’études antérieures
ont considéré la nature catégorielle ordonnée émanses au CES-D. L’objectif de cette étude est
donc d’examiner la validité de construit (i.e. taatlle; fidélité; invariance de la mesure;
invariance de moyenne latente ; concomitante; prt&® de dépistage) du CES-D francais auprés
d’un échantillon de patients dépressifs et d’adulte la population générale.

Méthode: Un échantillon total de 469 participants, compreri®3 patients adultes dépressifs, et
un échantillon de 306 adultes de la population gdegont été inclus dans cette étude. La validité
factorielle, ainsi que l'invariance de la mesurdeta moyenne latente du CES-D — selon le genre
et le statut clinique — ont été vérifiees a I'aitiaFC basées sur des items catégoriels ordonnés.
Les corrélations et les courbes caractéristiqudsrazionnement du récepteur ont été utilisées,
afin de tester la validité concomitante et les péips discrimantes du CES-D.

Résultats: Les résultats (i) démontrent la validité et |&fité factorielle du modéle de mesure de
second ordre de la dépression sur la base desde@ES-D{ii) révelent l'invariance compléte

du modéle de mesure de premier et de second-ardometion du genre et une absence
d’invariance de la moyenne des variables latentevaau du genre (les femmes rapportent des
scores significativement plus élevés sur I'ensembis échelles); (i) montrent une invariance
partielle stricte du modele de mesure de premunegiguatre résidus ont dus étre librement
estimés mais la matrice de variances-covarianctgrielles s’est avérée complétement
invariante) et I'invariance compléte du modéle desure de second ordre entre les patients et les
adultes de population générale; (iv) révelent kaitze d’invariance des moyennes latentes de
premier et de second ordre en fonction du gende statut clinique des participants (les femmes
et les patients présentant des scores plus élavésssous-échelles et I'échelle globale du CES-
D); (v) confirment la validité concomitante du CBSavec des mesures de dépression, d'estime
de soi, d’'anxiété et de désespoir; (vi) démontfefficacité des propriétés de dépistage de cet
instrument auprées d’adultes dépressifs et non-déifise

Conclusion: Cet instrument peut étre utile pour évaluer lesmpmes dépressifs ou dépister les
troubles dépressifs majeurs dans le contexte déétégidémiologique ciblant des populations
francaises d’hommes et de femmes dépressifs camEplulation générale présentant des
caractéristiques semblables a I'échantillon dedzgnte étude.

Mots clefs: Score seuil ; Analyse factorielle confirmatoileems catégoriels ; WLSMV ; CES-
D ; Dépression ; Troubles de I'humeur ; Diagnostfalidité concomitante.
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Psychometric Properties of the Center for Epidengial Studies Depression Scale (CES-D) in
French Clinical and Nonclinical Adults

Developed by the National Institute of Mental Healtenter for Epidemiologic Studies,
the Center for Epidemiologic Studies DepressioneSgES-D) has been widely used to assess
depressive symptoms in community and populatiorda&pidemiological studies [1]. This
instrument comprises 20 items that cover the maimpsoms of depression. These items are
grouped into four distinct subscales, which argopsed to converge on a single higher-order
factor of depression: depressed affect (e.g. Ddedlsad, etc.), positive affect (e.g. PA; hopeful,
happy, etc.), somatic complaints (e.g. SC: botheappetite, etc.), and disturbed interpersonal
relationship (e.g. IR: unfriendly, disliked, etcThe participants answer each item on a four-point
scale on which they indicate the frequency withahitthey experienced the corresponding
symptom during the past week [0 = rarely or nontheftime (less than days); 1 = some or little
of the time (1 to 2 days); 2 = occasionally or aderate amount of the time (3 to 4 days); 3 =
most or all of the time (5 to 7 days)]. From th#eens, four are reversed-scored to break possible
answering tendencies. The total score can vary @¢m60, with higher scores indicating a
greater number of symptoms.

Radloff [2] conducted the first systematic evaloasi of the CES-D psychometric
properties on three separate community samplaékelnontext of principal component analyses,
he found support for the proposed four subscalés:HA, SC and IR. Additional analyses also
demonstrated that the full scale presented: (gptedle internal consistency coefficient} (
ranging from .85 to .90 in the nonclinical and idal sample; (ii) moderate test-retest reliability
coefficients ) ranging from .51 to .32 for time intervals vanyibetween 2 weeks and 12
months; (iii) moderate correlations with severatwergent measures of depressive symptoms,
general psychopathology, positive and negativecedffesocial desirability, medication, etc.

Following this initial study, the CES-D has beeml&y cross-culturally adapted, translated
and/or validated in China [3], France [4], Germ@ly Greece [6], Italy [7], Netherlands [8],
Portugal [9], Russia [10], and Spain [11, 12], &t a&s in additional Anglo Saxon samples of

community [13] and clinically depressed adults [a4# children or adolescents [15, 16].
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Although the preceding studies replicated with sgedRadloff's results [2], regarding the
satisfactory psychometric properties of this instent, few of these studies relied on
confirmatory factor analyses (CFA) — one gold staddor the evaluation of the construct
validity of psychometric inventories. Indeed, irddabn to being particularly well suited to the
verification of the proposed higher order factousture of the CES-D, CFA directly test
theoretically grounded measurement models agalbs&reations and extracts latent variables that
are net of item-specific measurement errors [17-21]

Fortunately, some studies attempted to replicatdd®¥&s [2] results on community or
medical samples of adults within a CFA frameworkZ®2-28], and most of these studies [9, 22,
24-26, 28] also verified whether the four factonsild themselves be represented by a single
higher order depression factor. Results from athete studies showed that (i) the a priori four-
factor model and the second-order single factorehfitded their data well and better than
alternative factor models, and (ii) the second-psilegle factor model proved slightly superior to
the first-order four-factor model. These findingssé recently been confirmed in the Shafer [1]
meta-analysis of 28 studies published between 46d72001.

Nevertheless, none of the preceding studies prdwg&ence of the measurement
equivalence (i.e. invariance) of the CES-D acrassmes of depressive and community subjects.
This is alarming given the fact that the CES-Dpisdfically designed to identifglinical
depression in epidemiologicabmmunitysamples. However, to do so requires the prelinginar
verification that the CES-D does measure the samstuict, in the same manner,
notwithstanding the clinical (depressed versus aepressed) status of the evaluated individuals
[29]. In other words, measurement invariance tektsv to verify if the higher scores on the
instrument — that should be observed in depressbdduals — are really due to higher levels on
the construct of interest (i.e. depression) rathan to the instrument measuring a different
construct, or measuring it differently in depress®tividuals [30]. Such measurement bias could
be present when (i) the items measure the constiticimore or less error in the different
subgroups (i.e. uniquenesses non-invariancelh@ijtems are scored systematically higher or

lower in the various subgroups irrespective ofipgrant’s level on the latent construct of interest
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(i.e. intercepts non-invariance), or (iii) the iteiare differently related to the construct of iagtr
in the various subgroups (i.e. factor loadings imuariance).

In addition, the observation that women presemt@ of depression twice higher than men
(as well as higher average-levels) has repeatedin balled one of the best-known facts of
psychiatric epidemiology [31]. One possible exptarafor gender-based differences in
depressive symptoms is that they are meal® and are rather the result of one or more artfact
[32]. Nevertheless, these artifact explanationsewert supported in the context of empirical
studies [33-38]. The hypothesis that the items conmiynused in the CES-D could be gender-
biased also recently received increased attentaon épidemiologists and psychologists. Indeed,
since 1993, five studies investigated potentiabgemiases in the CES-D [27, 39-42]. Although
they relied on different methodologies, these gsiduggest that, given similar levels of
depression, women were likely to score higher {g@et non invariance) than men on some items
(item 17: 1 had crying spells5[27, 39-42]; item 10: I'felt fearful’ [40, 42]; Item 11: My sleep
was restless[40, 42]), while men were more likely to scorgghér on item 13 (“talked less than
usual[27]). However, only one of those studies relied on a @ietdhodology [27]. It is
interesting to note that this study found no evigeaf non-invariance in additional model
parameters (loadings and uniquenesses).

Finally, despite the fact that the CES-D was itiitideveloped by Radloff [2] for the
identification of clinical levels of depressionepidemiological studies, few studies investigated
the appropriateness of the proposed cut-off sceligsiting its use to the evaluation of depressive
symptoms intensity [9]. Original research basedemeiver operator characteristic (ROC) curves
designed to optimize sensitivity and specificitggest a cut-off score of 16 for the total sample
[14]. Additional studies using the same technigme@g Anglo-Saxon samples provided
divergent cut-off scores ranging from 12 [43] to[24]. In addition, until recently, few studies
cross-culturally investigated the screening propefthe CES-D and their results are also
divergent. For example, in two Spanish studiesgloes-off scores range from 16 [11] to 26 [12];
whereas in Portuguese and Greek samples the cetan range respectively from 20 [9] to

23/24 [6].
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The present study

The goal of the present study is thus to furtheegtigate the reliability, validity,
measurement invariance and appropriate cut-ofescof the CES-D, relying on a CFA approach.
The main CFA model that will be tested, in the prestudy, hypothesized a priori that the
answers to the CES-D could be explained by fost-tirder factors (i.e. DA, PA, SC and IR)
which in their turn would load on a single secomden factor representing depression. This
model will be compared to various alternative medkat were previously reported in the
literature [1, 28, 45] and will first be estimated a pooled sample of male and female community
adults and clinically depressed patients. Thenpibasurement invariance of the CFA model will
be verified in the various (male and females; comityuand clinical) subgroups. The criterion-
related validity of the resulting factor model walso be estimated by the comparisons of the
subscales and total scale scores with results &moother validated measure of depression (the
Beck Depression Inventory) as well as with measafesrious constructs known to be related to
depression, such as anxiety, hopelessness anessetim) [46-49].

The present study will rely on a sample of Frerathita to whom the French version of the
CES-D [4] was administered. This represents artiaddi challenge for the present study, while
at the same time representing an added contribtditme literature. Indeed, the current French
version of the CES-D, although it has previouslgrbased in the context of several studies [50-
52], has never been systematically validated ancongmunity and/or depressed adults. Indeed,
Furher and Rouillon’s paper [4] only presented iinfation regarding the translation of the
guestionnaire and suggested cut-off points for (nen17) and women (i.e. 23). Thus, the
systematic validation of the French CES-D will alepresent an important contribution in its
own right, especially given the fact that Frenchis(the official language in 32 countries and
territories worldwide [53]; (ii) is the main langgeiin five European countries (France, Belgium,
Switzerland, Monaco, and Luxembourg); (iii) is afehe European institutions’ official
languages and remains the most often taught sdangdage; (iv) is one of the United Nations’
two official languages; and (v) is also one of Ghaia two official languages.

Method
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Participants and Procedures

A total of 469 participants were involved in thitady (65.7 % females) with mean age of
40.7 years (standard deviatioBD = 16.2, range = 18-89 years). This sample congeadi st
sub sample of 306 community adults (59.5% femalesyurrently suffering from a Major
Depressive Episode (MDE) or any mental disordeth wimean age of 35.4 yeaB{)(= 14.3,
range = 18-82 years). The second subsample cahsisi®3 patients (77.3% females) with a
mean age of 50.6 yeaiS[= 15.1, range = 19-89 years) suffering from a MigEording to the
DSM-IV [54] and ICD-10 [S5]criteria. All participants gave written informedrsent and the
study protocol was performed in accordance withstaadards of the local ethical committee.

The first subsample comprised volunteer adults fsonthern France (Avignon,
Montpellier, Nice, and Marseille) that were recediin the context of various university classes
and student families. A brief interview with thelmateers was first conducted by a member of the
research team and followed by the administratiosestions of the Mini International
Neuropsychiatric Interview (MINI) [56]. This proceck was used to confirm that all participants
were physically healthy and did not suffer from ®Eland any other mental disorder. The
volunteers who failed to meet these criteria waidugled from the study. The second subsample
was recruited within one inpatient unit in a pulgaychiatric hospital (Hépital de Montfavet) and
two private clinics (la Costiére and Saint-Luc)dtexd in southern France. Clinical diagnosis was
reached with the fifth French version of the MIInly patients with a diagnostic of MDE (single
or recurrent) on the MINI were included in the studf the eligible patients, those with alcohol
addiction and/or psychotic disorders according M2V and ICD-10 criteria were excluded
from the study. All questionnaires used in thiglgtas well as the clinical interview (MINI) were
administered by members from the research teansimgée one-on-one session. To ensure the
uniform assessment of the clinical group, the seerearch assistant administered the
guestionnaires and the interview to all patients.
Measures

Clinical Diagnostic.The presence of a MDE diagnosis was assessedhaiffifth French

version of the MINI [56]. This instrument is a shstructured diagnostic interview that can be
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used as a tool to diagnose 16 axis | psychiatgorders according to DSM-IV and ICD-10
criteria. Each of the MINI's 16 separate moduleslves standardized close-ended questions.
Interviewers read these questions verbatim torttexiiewees. Psychiatric diagnosis and history
in each specific module is made according to thebuer of affirmative replies to the questions.
MINI ratings have been shown to possess acceptatals of sensitivity (.94) and specificity (.79)
for the diagnosis of MDE and elevated rates ofrirder reliability for all 16 diagnoses (kappa
coefficients ranging from 0.88 to 1.00; for moreadls on the reliability and validity of the MINI

and its convergence with both DSM and ICD diagnoses [57] and [58]).

Depression severityfwo instruments were used to assess the sewmypressive
symptoms: the previously described French versipofthe CES-D [2] and the French version
[59, 60] of the 13-item Beck Depression Inventd(-13) [61]. The items from the French
version of the CES-D are presented in Table 1.

The French BDI-13 comprises 13 items rated on awehally-anchored answer scale
ranging from O §bsence of symptojn® 3 (nost severe sympto)ite assess symptoms severity
during the past week including today. In previousl®s, the French BDI-13 presented a good
internal consistencyx(= .90) and moderate 4-month test-retest correiatfo= .62) [59, 60]. In
this study the internal consistency of the BDIlgaatisfactoryd = .93).

Anxiety The French version [62] of the Beck Anxiety Ini@ny (BAI) [63] was used to
assess the severity of participants’ symptoms gietyn Respondents indicate the degree to
which they have been bothered by each of the 2b&ymduring the past week including
today on a severity scale ranging fromiof at al) to 3 severely, | could barely stand.itt has
been shown that the French BAI presented an extéfieernal consistency with community
adults ¢ ranging from .84 to .93) and a satisfactory 4-wssk-retest correlatiom € .63) [62]. In
this study the internal consistency of the BAlasisfactory & = .93).

Hopelessnesd.he French version [64] of the Beck HopelessnesseSBHS) [65] was
used to measure negative attitudes about the faiperienced by the respondents over the past

week. This instrument consists of 20 true-falseestents which are scored 0 or 1. In previous
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studies, the French version of BHS showed exceiiigatnal consistency in clinically depressed
(o = .89) and communityu(= .79) samples, as well as a satisfactory tessteorrelation over 2
weeks ( = .81) [64]. In this study the internal consistgié the BHS is satisfactory: = .88).

Self-esteenThe French version [66] of the Rosenberg Self-Estewentory (RSEI) [67]
was used to assess overall feelings of self-warletf-acceptance. The 10 items from this
instrument are rated on a 4-point Likert scale r@péromstrongly agred4) tostrongly disagree
(). In previous study, the French version of ti8ERshowed acceptable internal consistency
coefficients ¢ ranging from .70 to .90) and a satisfactory testst correlation over 3 weeks<
.84) [66]. In this study the internal consistenéyh® RSEI is in the acceptable range=(.75).
Analyses

As the CES-D items are rated on a four-point ordle@agegorical answer scale, Maximum
Likelihood (ML) estimation (through classical obigst ML estimators) was deemed
inappropriate in light of recent simulations stw#owing that a minimum of five answering
categories are a prerequisite to the assumptioosrtinuity underlying ML estimation [68-71].
This conclusion is further reinforced by the sigra@ht and elevated non-normality of the data
(normalized Mardia coefficients for kurtosis =188).9t is interesting to note that most of the
previously reviewed CFA studies of the CES-D failedake this characteristic of the CES-D into
account and relied on ML estimation, thus potelytialducing systematic biases in their results
(for exceptions, see [25, 28]). Following recemommendations and simulation studies results
[70, 72-75], we thus decided to rely on the Mplus[86]. Robust Weight Least Square estimator
(WLSMV [75]) which estimates CFA models from polyelt correlation matrices. Assessment
of model fit and comparison between models weredvas [19, 29, 77-79]: the Chi-square
statistic §?), the Comparative Fit Index (CFl), the Tucker-ligimdex (TLI), the Root Mean
Square Error of Approximation (RMSEA) and the 908ffidence interval of the RMSEA.
Values greater than .90 for CFl and TLI are coneideo be indicative of adequate model fit
although values approaching .95 are preferablauégadmaller than .08 or .06 for the RMSEA
support respectively acceptable and good modeCdihcerning the RMSEA 90% Cl, values of

less than .05 for the lower bound (left side) aaxs lthan .08 for the upper bounds (right side) or
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containing O for the lower bound and less .05 lier upper bounds (right side) indicate
respectively acceptable and good model fit.

Measurement invariance tests across gender aridatigroups were performed in the
sequential strategy devised through a combinatidnevedith and Teresi [30] recommendations
for first-order factor models and Cheung [80] recoemdations for higher-order factor models.
The measurement invariance of the first-order factodel was thus estimated first, without a
second-order latent construct [80], in the follogvBequence that was adjusted to the ordered-
categorical nature of the items [81, 82]: (i) cguofial invariance, (ii) weak invariance (invariance
of the factor loadings); (iii) strong invariancevariance of the loadings and thresholds); (iv)
strict invariance (invariance of the loadings, #r@lds and uniquenesses), (v) invariance of the
variance/covariance matrix (invariance of the logdi thresholds, uniquenesses and variances-
covariances), and (vi) latent means invariancesfimnce of the loadings, thresholds,
uniquenesse, variance-covariance and latent meHme), the invariance of the second-order
structure was verified in the following sequencéhwhe baseline specified according to the
conclusions of steps (i) to (iv) of the precedirgence: (i) second-order configural invariance;
(i) second-order weak (loadings) invariance; @&cond-order strong (loadings and intercepts);
(iv) second-order strict (loadings, intercepts, distiurbances) invariance; (v) second-order
variance (loadings, intercepts, disturbances, anidnce) invariance; (vi) second-order latent
mean (loadings, intercepts, disturbances, variaartd means) invariance. Details of model
specification under WLSMYV are reported in the ajben

Critical values for the tests of multi-group imarce across gender or clinical status were
evaluated (using the preceding model in the inmaBasequence as comparison))Bydifference
tests and changes in CFl and RMSEA [29, 83, 84hdiuld be noted that with the WLSMV
estimator, the chi-square values are not exactabier adjusted oestimateti as the closest
integer necessary to obtain a corggetlue. Thus, in practice, only tipevalue should be
interpreted. This is especially important for tie square difference tests, which cannot be

computed by hand but need to be conducted via MPIEETEST function (MAx?) [85, 86].

However, as the chi-square itself, MgFtend to be oversensitive to sample size and tomino
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model misspecifications. In this regard, and tetaito account the overall number of Mg
tests used in this study, the significance levedlémtify non-invariance was fixed at .01 [17, 82,
87]. However, it is also generally recommendeds® additional indices to complement chi
square difference test [29, 83, 84]: a CFI dimiowmtof .01 or less and a RMSEA augmentation of
.015 or less between a model and the precedinglrivothe invariance hierarchy indicate that the
measurement invariance hypothesis should not betesgj.

Results
Stage 1. Factor Validity and Reliability of the GBS3Viodels

Six a priori CFA models from the extant literature [1, 28, 48revexamined for the CES-

D scores: (i) a one-factor model (Model 1); (iiwa-factor model (Model 2: combining PA and
IR in a single factor and combining DA and SC iseaond factor); (iii) two different three-factor
models (Model 3a: combining PA-DA in a single factdodel 3b: combining DA and SC in a
single factor); (iv) the a priori CES-D four-factarodel (Model 4); (v) the a priori CES-D four-
factor model with a single higher-order factor (Mb8). Model 1 a priori hypothesized that: (i)
answers to the CES-D could be explained by a sfiagter of depression; (ii) each item would
have a non-zero loading on the depression facbor{ié) uniqguenesses would be uncorrelated.
Models 2 to 5 a priori hypothesized: (i) answerthew CES-D could be explained by two to four
first-order factors (see above); (ii) each item lddwave a non- zero loading on the CES-D factor
it was designed to measure, and zero loadings| athalr factors; (iii) the first-order factors
would be correlated (Models 2 to 4) or load onnagylsi higher-order factor of depression (Model
5); and (iv) uniquenesses would be uncorrelated.

The goodness-of-fit statistics of these various GRédels are reported in Table 2. They
show that although all models present satisfadibmdices, models 3b, 4 and 5 clearly present a
higher level of fit to the data than models 1, 21 @&a. Comparison of models 3b and 4 shows
almost identical goodness-of-fit indices (with theeption of the RMSEA which is slightly better
for model 4) but a significant MBx? (15.36, df = 3, p< .01) favoring the a priori model 4. In
addition, examination of the factor loadings of ttwmbined DA-SC factor revealed that this

factor is mostly defined by the DA items, with thast majority of the SC items showing lower
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factor loadings. In conformity with our a priori pgtheses, we thus retained model 4. Then,
comparison of model 4 with the higher order facteodel 5 shows again almost identical
goodness-offit indices and a non significant MP (8.57, df = 3, p> .01). Since model 5 is
convergent with the theoretical framework undedyiie CES-D and provides an equivalent
degree of fit to the data than model 4, while baimaye parsimonious (replacing six latent factors
correlations by four second-order factor loadingd thus freeing two degrees of freedom), this
hierarchical model was retained for the followintalyses (see Table 2). The standardized factor
loadings, reported in Figure 1, are all significantl substantial. The second-order factor loadings
associated with the DA and SC factors are veryagésls They refer to the degree to which the
higher-order latent variable (i.e. depression) fptedthe first-order factors. The amount of
variance in the first-order factor that remainsxphained by the second-order factor is reflected
by the first-order disturbances and is a directfiom of the loadings (calculated by one minus the
squared loading). This disturbance reflects thaiqueé part of the first-order factor that is
independent of the higher-order depression faatdr thus reflects its specificity. The fact that
some of the second-order loadings are quite eldvaticates that most of what is assessed by the
DA and SC factors is determined by the underlyiegrdssion factor. On the contrary, the PA and
IR factors incorporate more specificity. It is inmf@ont here that higher-order factors are estimated
from first-order factors that are already assesgéibut item-specific measurement error, which
is absorbed by items’ uniquenesses. Thus, firstofactors disturbances reflect variance that is
unrelated to depression but also unrelated to randeasurement error. This unique variance has
been called systematic errdrin the psychometric literature. The elevated sife¢he second-
order loadings indicates a low level of systemat@asurement errors in the first-order factors.
Factor’s reliability was computed from the modelnstardized parameters, using
McDonald’s [88]w coefficient: E[ri])2 / ([Z[\i]]? + Zaii) whereli are the factor loadings and
the uniquenesses. Results revealed that the sifatlds model reported, for the pooled sample,
acceptable» coefficients of .96 for DA, .86 for PA, .91 for S@3 for IR, and .93 for full scale.
Stages 2-3. Measurement and Latent Mean Invarianoess Gender and Clinical groups

In the second and third stages, the second ordam@ielel was first estimated separately
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in gender-related (Models 6a and 6b) and clinical/olinical subsamples (Model 8a and 8b).
Then, measurement invariance tests across genaele{Ma and 7b) and clinical groups (Models
9a and 9b) were performed in the previously desdriequential strategy. The results from these
models are reported in Table 2 and show that firéoa higher-order factor model provided a
satisfactory degree of fit in the specific genddodels 6a and 6b) and clinical/ non-clinical
subsamples (Models 8a and 8b).

The results from the gender-based tests of measmteand latent mean invariance for the
first-order structure (Model 7a) revealed thatttimee first steps of invariance testing (i.e.
hypotheses 1 to 3) resulted in significghtacceptable goodness of fit-indices and equivdien
indices (non significant MB? ACFls< .01,ARMSEAs< .015). The fourth level of
measurement invariance (hypothesis 4) added egugalitstraints on items’ uniquenesses.
Although this model resulted in a significant Mg when compared to the preceding model, the
goodness-of-fit show absolutely no decrement, sstijggethat the(®> may be overacting to minor
misspecifications, a hypothesis that is confirmgekamination of the model modification
indices. Thus, these results confirmed the stnizaiiance of the first-order measurement model.
The next model (hypothesis 5) tested the invariarfitke variances/covariances matrix. This
model resulted in a significant bootstrgpacceptable goodness of fit-indices that show no
decrease from the previous model, supporting thénfeariance of the variances/covariances
matrix. The last model (hypothesis 6) tested thariance of the latent factor means and resulted
in a significant MAX?, aARMSEA exceeding the .015 criterion andN@F| andATLI
approaching the .01 criterion. These results thosvghat the first-order latent factor means are
not invariant across gender. Examination of thereded latent factor means from the preceding
model (hypothesis 5), revealed that women’s legsEliepression tended to be significantly higher
(DA = .595; PA = .496; SC = .510; IR = .364, akp01) than men’s levels (latent means fixed to
zero). The results from the subsequent CFAs, irthvtiie gender-based measurement and latent
mean invariance of the second-order structure (Mdojewas verified, supported the full (i.e.

hypotheses 1 to 5) measurement invariance of gteshiorder CFA model but indicated the
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presence of significant (hypothesis 6) gender-b&sedt mean differences on the higher order
depression factor (women = .570 with men latentmfeed to 0, p< .01). This result is highly
interesting in that it shows that all of the preisty observed first-order gender-based latent
means differences are fully represented by diffegenn the higher-order depression factor and
thus do not differ across first order factors (@ece the higher-order factor is included in the
model, no significant gender-based differenceobserved on the higher-order intercepts of the
DA, PA, SC, and IR factors).

The results from the clinical status tests of mezsent and latent mean invariance tests
for the first-order structure (Model 9a) revealedittthe three first steps of invariance testirgy (i.
hypotheses 1 to 3) resulted in significghtacceptable goodness of fit-indices and equivdien
indices, thus supporting the strong measuremeatisvce of the CES-D across clinical status.
However, the fourth level of measurement invariaingg@othesis 4) resulted in a highly
significant MDAX?, aARMSEA approaching the .015 criterion and\i@F| andATLI exceeding
the .01 criterion. These results thus show thastthet invariance hypothesis should be rejected.
Inspection of the model maodification indices reeglthat this result was specifically due to the
non invariance of the uniquenesses associatedteitts 1, 2, 11, and 15. When the invariance
constraints were relaxed on these specific iterysdiiesis 4'), the results support the strict
invariance of the DA and PA factor and the padtatt invariance of the SC and IR factor due to
a higher level of item-specific measurement eroorgems 1, 2, 11, and 15 in the clinical group —
which would be consistent with the difficultiesancentration inherent in depressive disorders.
The last two steps (hypotheses 5 and 6) confirtnedntvariance of the variance-covariance
matrix (non significant MIx? ACFls< .01,ARMSEAs< .015) across clinical status and quite
clearly showed the non-invariance of the first-oridéent factor means. Examination of the
estimated latent factor means from the precedindeinghypothesis 5), revealed that clinical
participants levels’ of depression tended to bai@antly higher (DA = 2.187; PA =1.720; SC =
2.003; IR = 1.027, all g .01) than non-clinical participants’ levels (latemeans fixed to zero).
The results from the subsequent CFAs, in whiclnieasurement and latent mean invariance of

the second-order structure (Model 9b) was verifiebss clinical/non-clinical status supported
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the full (i.e. hypotheses 1 to 5) measurement ianae of the higher-order CFA model but
indicated the presence of significant (hypothesiat@nt mean differences on the higher order
depression factor (clinical = 2.205 with non-cliaitatent mean fixed to 0,9.01). Once again
this result reveals that the previously observedt-brder latent means differences are fully
represented by differences in the higher-orderetesion factor.
Stage 4: Criterion-related validity

In the third stage, the criterion-relatealidity of the CES-D was examined with another
measure of depression (BDI-13) and with measursgléesteem (RSEI), hopelessness (BHS),
and anxiety (BAI). In order to minimize Type | ermate inflation a Bonferroni correction was
applied: the alpha error was thus set at .01 ()0%e results from these correlational analyses
are reported in Table 3 and show that the CES-bajland subscale-specific scores were
significantly and negatively correlated with theEBR@nd significantly and positively correlated
with the BDI-13, the BAI and the BHS. As positivedssignificant relations were expected
between these instruments and the CES-D, thesksrédsus support the criterion-related
convergent validity of the CES-D. However, it shibalso be noted that the correlations between
the CES-D subscales and full scale with the BD&&8 BAI were almost of the same magnitude
whereas it was expected that the CES-D would atgehore strongly with the BDI-13 than with
the BAI as a proof of its criterion-related diveng®alidity. Given the known overlap between
measures of depression and anxiety, given thaHatthe BDI-13 and BAI were specifically
developed as complementary instruments, and ghekriown comorbidity between depression
and anxiety, the correlations between the CES-b tth the BDI-13 and the BAI were also
computed while partialling out the remaining ingtient. More precisely, the correlation between
the CES-D and the BDI was computed while partiglut BAI scores and the correlation
between the CES-D and the BAI was computed whitéghing out BDI-13 scores. These
adjusted correlations confirmed that the associdiEtween the CES-D and the BDI-13 were
higher than the correlations between the CES-Dtlam®BAl, thus supporting the criterion-related
divergent validity of the French CES-D.

Stage 5: Determination of the Cut-off Point
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During the fourth stage, the sensitivity, spedfidirue Positive (TP), False Positive (FP),
True Negative (TN) and False Negative (FN) rateseveemputed to determine appropriate cut-
off points for the pooled sample. These rates waleulated for a variety of cut-off scores by
comparing them with depression diagnoses obtairced fhe MINI. The possible gender
difference on the sensitivity and specificity ofieais cut-off points was also verified.
Furthermore, a ROC curve was created to repreemetationship between TP (sensitivity) and
FP (1 — specificity) ratios as a function of vadgawt-off levels. The Area Under the Curve
(AUC) was also calculated in all samples as a measiuthe overall accuracy of the scale.

The sensitivity/specificity of the full-scale CES&Dvarious cut-off levels for the pooled
sample and the gender subsamples are reportedia Zaln the pooled sample, the curve is
substantially above the random ROC (AUC=.933; 95941I0 to .957) and the optimum cut-off
point (i.e. the highest sum of sensitivity and i@ty and the lowest difference between both)
for the full-scale of the CES-D appeared to comasito a score of 19. This cut-off point which
provided a sensitivity of .853 and a specificity.859, resulted in a correct classification of 263
community adults and 139 patients, and an erronelassification of 43 community adults and
24 patients. The possible gender differences irs¢imsitivity and specificity rates were also tested
at various cut-off points. In the men sample, theve is substantially above the random ROC
(AUC =.929; 95%ClI, .875 to .984) and the optimurtr@fli point appeared to also correspond to
a score of 16. This cut-off point which providedemsitivity of .865 and a specificity of .871,
resulted in a correct classification of 108 commyuadults and 32 patients, and an erroneous
classification of 16 community adults and 5 pasefRinally, in the women sample, the curve is
substantially above the random ROC (AUC =.927; 95988 to .955) and the optimum cut-off
point appeared to correspond to a score of 20.dthisff point which provided a sensitivity of
.841 and a specificity of .852, resulted in a coradassification of 155 community adults and 106
patients, and an erroneous classification of 27nsonity adults and 20 patients.

Discussion
The first objective of the present study was tongixe, using a CFA approach, the

psychometric properties of the CES-D in a pooleda of depressed patients and community
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French adults. The present findings demonstratat] iththe total sample, the hypothesized
second-order factor model provided a satisfactiotp the data and a better fit than the
alternative models. These results confirm those fpoevious studies [9, 13, 22, 24, 26-28]
Further analyses also confirmed that the variouS-DEsubscales possessed adequate internal
consistency coefficientso(= .83 to .96).

Additionally, CFAs analyses were performed with tixgective of assessing the
measurement and latent mean invariance of the FI€&S-D across gender and clinical status.
In the gender-based analyses, the results showeththmeasurement model of the CES-D was
fully invariant, up to the level of the second-arflctor variance-covariance matrix, across men
and women. These results thus contradict those fr@wvious studies in which a significant lack
of gender-based invariance was observed for manysifrom the CES-D [27, 39-42]. This may
be due to biases induced in these previous sttté¢seglected to specifically consider the non-
normal ordered-categorical nature of the CES-D stdndeed, preliminary analyses of the
present data based on traditional ML estimatiod terconfirm this hypothesis (not reported here
but available upon request from the first authiiyreover, the first-order and second-order latent
means were found to differ across gender in theewg direction, with women showing higher
levels of depression than men [31]. Interestingly, preliminary ML-based analyses failed to
find such gender-based differences, suggestingtieatous studies in which a lack of gender
differences was also observed [89-95] might alse eeen biased by the arbitrary application of
continuous-variable methodologies to ordered-categiatems. However, these results clearly
underline the need for future studies to devoteenadtention to measurement biases in
instruments designed to measure depression ahe &ffects of using more or less appropriate
methodologies. One of the most interesting pathefcurrent results is the observation that
gender-based differences in first order DA, PA, & IR factors disappears once the second-
order depression factor is taken into account, shgpthat gender-based differences clearly lies at
the level of the depression higher-order constaadtdoes not vary across more specific
components of depression.

The results also confirmed that the first- and sdearder measurement model of the CES-
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D was reasonably invariant across the clinical @mdmunity subgroups; the only exception
being related to the measurement errors associatiedour out of the 20 items which were
slightly more elevated in the clinical subgroup,jebhis consistent with the difficulties of
concentration inherent in depression. This parnied-invariance of the items’ uniquenesses
underline the importance of relying on latent Vialéa methodologies in depression research as
these methods are the only way to control for thésges. When these slight biases were taken
into account, the results also showed clear latex@in differences, completely explained by
differences at the level of the higher-order lafantor, which confirmed the fact that participants
from the clinical subgroup presented higher leeéldepression than community participants. To
our knowledge, this is the first time the preseoicpossible measurement biases have been
investigated across clinical and non-clinical sologs in depression research. If the present
results can be replicated, they would clearly supthe purported ability of the CES-D to identify
clinical depression in community epidemiologicaingées.

The third objective of this study was to examine ¢hiterion-related validity of the
French CES-D with another measure of depressiomidthdmneasures of self-esteem, anxiety and
hopelessness. The results showed that the subscaldsll scale scores of the CES-D were
moderately (RSEI, BHS) or highly (BAI, BDI-13) cetated to these measures, which concur
with results from previous studies [46-49, 96] angported the criterion-related convergent
validity of the CES-D. However, CES-D appeareddo&ate highly and equivalently with both
the BDI and the BAI. Fortunately, when these catiehs were computed while partialling out
the variance due to the overlap between thesealistates in order to obtaipurer’ criterion
measures of depression and anxiety, the resulfgroaa the criterion-related divergent validity
of the CES-D that was found to be more highly datesl to the BDI-13 than to the BAI [97, 98].

Finally, the fourth objective of this study wasvirify the screening properties of the
CES-D. These results indicate that this instrunsantbe efficiently used to detect the possible
presence of depressive disorders in clinical amtlndcal settings. For this purpose, the use of a
cut-off point of 19 seems optimum, because it atlyeclassified 85% of the depressed patients

and 86% of the community adults. This value is brghan the original score of 16 [14] but the
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use of a lower cut-off point than 19, would incre#ise specificity rate significantly (and thus
result in the exclusion of too many depressed @péts). On the contrary, the use of a higher
cut-off value than 19 would tend to excessivelyrdase the sensibility rate and result in the
inclusion of too many non-depressed participantgli#onal results also demonstrated that the
gender of the participants slightly affected theoramended cut-off scores. Indeed, it may be
preferable to use (i) a lower cut-off point (i.6€) for men to result in similar classification
accuracy (87% of the depressed and of the commumétywere correctly classified with this cut-
off point), and (ii) a higher cut-off point (i.eORfor women to result in similar classification
accuracy (84% of the depressed women and 85% abiimenunity women were correctly
classified with this cut-off point). Moreover, iguld be noted that these gender cut-off points are
slightly lower than those recommended by FuhrerRadillon [4] (men: 17; women: 23) with

the French translation of the CES-D. Following apnreymous reviewer suggestion, we
complemented this analysis by way of a newly dgyedomethod which allows for the direct
incorporation of covariates in ROC analyses antdtaws for the estimation of the effects of
these covariates on the estimated cut-off scof@s [ the present study, the results remained
unchanged potentially due to the incorporation single covariate (gender) for which specific
cut-offs scores needed to be calculated. Howelisrmtethod should be seriously considered in
the context of future studies in which the effexftsultiple covariates, and their interactions,
would need to be considered.

Several limitations should be kept in mind wheripteting the findings. First, this study
relied exclusively on a single sample of adultsug;iwhether the factor validity, reliability and
measurement invariance of the French CES-D achessverall sample and specific subgroups
(i.e. gender, clinical/non clinical) can be replexdito other samples of adults or with younger or
older populations thus remains an open questiois. i$tespecially true for the tests of invariance
that needed to be conducted in relatively smallgeasiof men and clinical participants. Although
the sample size in these subgroups was deemedienffior the present study, it clearly limits
the generalizability of the findings and underlities need for replication efforts, especially

among individuals differing from those used in gnesent study. To ensure that this instrument
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could be used among adults, its factor validitliabélity and measurement invariance in such
populations must first be demonstrated in an inddeet sample. Finally, the community group
was rather homogeneous concerning age and soofde@nd consequently cannot be considered
a good representative of the general populations Tieplicating these results on a larger clinical
sample and a more heterogeneous community samulédsinus be a future research priority.

In conclusion, the psychometric properties of tighér-order depression structure of the
French CES-D were found to be adequate. This im&tni may be usefully used in research either
assessing depression symptoms or screening deressorders, in French patients and
community men and women with a background simdahbse from the present study.

Acknowledgments

The authors thank Valery Balestra-Depont, Cécilefvéat, Sylvie Gossery and Muriel
Wybo for their particular contribution in the orgaattion of the study, as well as Pablo Sillon for
his help. Completion of this study was also possii@cause of the dedication of the study
personnel of each participating centre: Clinic &stiere (Gérard Marro, Georges Benichou, Jean-
Pierre Dany, Patrick Ferrer, Richard Moriano, Al8@impour, Jean-Charles Struelens), Clinic
Saint-Luc (Claude Capdeville, Sophie Vincent, QfaisBessi, Pierre Bonhomme) and Hépital
de Montfavet (Marie-Noélle Petit, Lisa Rosello aigarles Dahan).

References
1. Shafer AB. Meta-analysis of the factor structuwéfour depression questionnaires: Beck,
CES-D, Hamilton, and Zung. J Clin Psychol 2006; 523-46.
2. Radloff LS. The CES-D scale: A self-report degien scale for research in the general
population. Applied Psychological Measurement 197385-401.
3. Cheung CK, Bagley C. Validating an American eéalHong Kong: the Center for
Epidemiological Studies Depression Scale (CES-Psythol 1998; 132: 169-86.
4, Fuhrer R, Rouillon F. [The French version of @Eescription and translation of the
self-report scale]. Psychiatrie Psychobiol 198%6B-6.
5. Hautzinger M. The CES-D scale:A depression-gasicale for research in the general
population. Diagnostica 1988; 34: 167-73.
6. Fountoulakis K, lacovides A, Kleanthous S, Sasn8] Kaprinis SG, Sitzoglou K, et al.

Reliability, validity and psychometric propertielstbe Greek translation of the Center for
Epidemiological Studies-Depression (CES-D) ScaMCBPsychiatry 2001; 1: 3.

7. Fava GA. Assessing depressive symptoms acrdtssesi Italian validation of the CES-D
self-rating scale. J Clin Psychol 1983; 39: 249-51.
8. Beekman AT, van Limbeek J, Deeg DJ, Woutersah, Tilburg W. [A screening tool for

depression in the elderly in the general populatioa usefulness of Center for Epidemiological
Studies Depression Scale (CES-D)]. Tijdschr Geldaaiatr 1994; 25: 95-103.



Psychometric properties of the French CESI®

9. Gongalves B, Fagulha T. The Portuguese VerditmeocCenter for Epidemiologic Studies
Depression Scale (CES-D). European Journal of Péygital Assessment 2004; 20: 339-48.
10. Dershem LD, Patsiorkovski VV, O'Brien DJ. Thee wf the CES-D for measuring
symptoms of depression in three rural Russiangela Soc Indic Res 1996; 39: 89-108.

11. Soler J, Perez-Sola V, Puigdemont D, PerezedldnFigueres M, Alvarez E. [Validation
study of the Center for Epidemiological Studies-Egsgion of a Spanish population of patients
with affective disorders]. Actas Luso Esp NeuragBetr Cienc Afines 1997; 25: 243-9.

12. Vazquez FL, Blanco V, Lopez M. An adaptatiorihef Center for Epidemiologic Studies
Depression Scale for use in non-psychiatric Spgmigtulations. Psychiatry Res 2007; 149: 247-
52.

13. Knight RG, Williams S, McGee R, Olaman S. Psyuhtric properties of the Centre for
Epidemiologic Studies Depression Scale (CES-D)saraple of women in middle life. Behav
Res Ther 1997; 35: 373-80.

14. Weissman MM, Sholomskas D, Pottenger M, PruBaAffLocke BZ. Assessing
depressive symptoms in five psychiatric populatiengalidation study. Am J Epidemiol 1977;
106: 203-14.

15. Faulstich ME, Carey MP, Ruggiero L, Enyart Pesham F. Assessment of depression in
childhood and adolescence: an evaluation of theeCéor Epidemiological Studies Depression
Scale for Children (CES-DC). Am J Psychiatry 19B63: 1024-7.

16. Roberts RE, Andrews JA, Lewinsohn PM, Hops kséssment of depression in
adolescents using the Center for Epidemiologic Begion Scale. Psychological Assessment
1990; 2: 122-8.

17. Bollen K. Structural Equations with Latent \&oies. New York (NY): John Wiley &
Sons, 1989.

18. Borsboom D. The attack of the psychometrici@sychometrika 2006; 71: 425-40.

19. Byrne BM. Factor analytic models: viewing theisture of an assessment instrument
from three perspectives. J Pers Assess 2005; 83217

20. Kahn JH. Factor Analysis in Counseling PsyctpplBesearch, Training, and Practice:
Principles, Advances, and Applications. The ColingdPsychologist 2006; 34: 684-718.

21. Hagger MS, Orbell S. A confirmatory factor ayséd of the revised illness perception
guestionnaire (IPQ-R) in a cervical screening cxntesychology & Health 2005; 20: 161-73.
22. Boisvert JA, McCreary DR, Wright KD, Asmunds84. Factorial validity of the center
for epidemiologic studies-depression (CES-D) stalailitary peacekeepers. Depress Anxiety
2003; 17: 19-25.

23. Golding JM, Aneshensel CS. Factor structuth@iCenter for Epidemiologic Studies
Depression Scale among mexican americans and regabic Whites. Psychological Assessment
1989; 1: 163-8.

24. Hertzog C, Alstine JV, Usala PD, Hultsh DF, @xR. Measurement properties of the
Center for Epidemiologic Studies Depression ScaES-D) in older populations. Psychological
Assessment 1990; 2: 64-72.

25. Nguyen HT, Kitner-Triolo M, Evans MK, ZondermAB. Factorial invariance of the
CES-D in low socioeconomic status African Americanmpared with a nationally representative
sample. Psychiatry Res 2004; 126: 177-87.

26. Rhee SH, Petroski GF, Parker JC, Smarr KL, W{i@FE, Multon KD, et al. A
confirmatory factor analysis of the Center for Epidologic Studies Depression Scale in
rheumatoid arthritis patients: additional evidefarea four-factor model. Arthritis Care Res 1999;
12: 392-400.

27. Stommel M, Given BA, Given CW, Kalaian HA, SthR, McCorkle R. Gender bias in
the measurement properties of the Center for Egmegic Studies Depression Scale (CES-D).
Psychiatry Res 1993; 49: 239-50.

28. Sheehan TJ, Fifield J, Reisine S, Tennen H.mMéasurement structure of the Center for
Epidemiologic Studies Depression Scale. J Perssask@d5; 64: 507-21.

29. Vandenberg RJ, Lance CE. A review and syntlufdise measurement invariance
literature: Suggestions, practices, and recommendator organizational research.
Organizational Research Methods 2000; 3: 4-70.



Psychometric properties of the French CESHD

30. Meredith W, Teresi JA. An essay on measuremmedtactorial invariance. Med Care
2006; 44: S69-77.

31. Angold A, Worthman CW. Puberty onset of gertdifferences in rates of depression: a
developmental, epidemiologic and neuroendocrinepgsative. J Affect Disord 1993; 29: 145-58.
32. Leach LS, Christensen H, Mackinnon AJ. Gendésrdnces in the endorsement of
symptoms for depression and anxiety: are gendeetdidgems responsible? J Nerv Ment Dis
2008; 196: 128-35.

33. Bebbington PE. The origins of sex differencedapressive disorder: Bridging the gap.
Int Rev Psychiatry 1996; 8: 295-332.

34. Hankin BL, Abramson LY. Development of gendifedences in depression: description
and possible explanations. Ann Med 1999; 31: 372-9.

35. Hyde JS, Mezulis AH, Abramson LY. The ABCs epdession: integrating affective,
biological, and cognitive models to explain the egeace of the gender difference in depression.
Psychol Rev 2008; 115: 291-313.

36. Piccinelli M, Wilkinson G. Gender differencesdepression. Critical review. Br J
Psychiatry 2000; 177: 486-92.

37. Sprock J, Yoder CY. Women and Depression: Addtgon the Report of the APA Task
Force. Sex and Roles 1997; 36: 269-303.

38. Wolk S, Weissman M. Women and depression: Adatp. Rev Psychiatry 1995; 14:
227-59.

39. Cole SR, Kawachi I, Maller SJ, Berkman LF. Tafstem-response bias in the CES-D
scale. experience from the New Haven EPESE stug@ilinEpidemiol 2000; 53: 285-9.

40. Grayson DA, Mackinnon A, Jorm AF, Creasey HidBGA. Item bias in the Center for
Epidemiologic Studies Depression Scale: effecishyfical disorders and disability in an elderly
community sample. J Gerontol B Psychol Sci So@860; 55: 273-82.

41. Gelin MN, Zumbo BD. Differential item functiorg results may change depending on
how an item is cored: An illustration with the Cemfor Epidemiologic Studies Depression Scale.
Educ Psychol Meas 2003; 63: 65-74.

42. Yang FM, Jones RN. Center for Epidemiologicd&is-Depression Scale (CES-D) item
response bias found with Mantel-Haenszel methodswasessfully replicated using latent
variable modeling. J Clin Epidemiol 2007; 60: 114%.

43. Lewinsohn PM, Seeley JR, Roberts RE, Allen 88nter for Epidemiologic Studies
Depression Scale (CES-D) as a screening instrufoedepression among community-residing
older adults. Psychol Aging 1997; 12: 277-87.

44, Costello E, Devins G. Screening for depresamong women attending their family
physicians. Can J Behav Sci 1989; 21: 434-51.
45, Perreira K, Deeb-Sossa N, Harris K, Bollen Khatvare we measuring? An evaluation of

The CES-D across Race/Ethnicity and immigrant gerer. Social Forces 2005; 83: 1567-602.
46. Abramson LY, Alloy LB, Hankin BL, Haeffel GJ,a8Coon DG, Gibb BE. Cognitive
vulnerability-stress models of depression in aaglulatory and psychobiological context. In:
Gotlib IH, Hammens CL, editors. Handbook of Depi@ssLondon (UK): Guilford, 2002: 268-
94.

47. Angold A, Costello EJ, Erkanli A. ComorbidityChild Psychol Psychiatry 1999; 40: 57-
87.

48. Gotlib IH, Hammens CL. Handbook of depressidew-York, NY: Guilford, 2002.

49, Roberts JE, Monroe SM. Vulnerable self-esterthsacial processes in depression:
toward an interpersonal model of self-esteem reigulaln: Joiner Jr. TE, Coyne JC, editors. The
interactional nature of depression: advances arpetrsonal approaches Washington (DC):
American Psychological Association, 1999: 149-87.

50. Cathebras P, Mosnier C, Levy M, Bouchou K, Reusl. [Screening for depression in
patients with medical hospitalization. Comparisbtwm self-evaluation scales and clinical
assessment with a structured questionnaire]. Eabed®94; 20: 311-7.

51. Chabrol H, Montovany A, Chouicha K, Ducongd&udy of the CES-D on a sample of
1,953 adolescent students]. Encephale 2002; 283229



Psychometric properties of the French CESID

52. Verdier-Taillefer MH, Gourlet V, Fuhrer R, Alevitch A. Psychometric properties of
the Center for Epidemiologic Studies-Depressiotesicamultiple sclerosis. Neuroepidemiology
2001; 20: 262-7.

53. International Francophone Organisatiutp://www.francophonie.org

54. American Psychiatric Association. Diagnostis atatistical manual of mental disorders.
4th ed. American Psychiatric Association, editoashington (DC)1994.

55. World Health Organization. International Stated Classification of Diseases and

Related Health Problems. Geneva (CH): WHO Pre$.19

56. Sheehan DV, Lecrubier Y, Sheehan KH, Amorirddhavs J, Weiller E, et al. The Mini-
International Neuropsychiatric Interview (M.1.N:Ithe development and validation of a
structured diagnostic psychiatric interview for D$Wland ICD-10. J Clin Psychiatry 1998; 59
Suppl 20: 22-33;quiz 4-57.

57. Lecrubier Y, Sheehan DV, Weiller E, Amorim Ry®ra I, Harnett Sheehan K, et al. The
MINI International Neuropsychiatric Interview (MN.1.) A Short Diagnostic Structured
Interview: Reliability and Validity According to énCIDI. Eur Psychiatry 1997; 12: 224-31.

58. Sheehan DV, Lecrubier Y, Harnett Sheehan Kaviad, Weiller E, Keskiner A, et al. The
validity of the Mini International Neuropsychiatticterview (MINI) according to the SCID-P and
its reliability Eur Psychiatry 1997; 12: 232-41.

59. Bourque P, Beaudette D. [Psychometric studii@Beck Depression Inventory among a
sample of French student]. Can J Behav Sci 1982 14-8.

60. Collet L, Cottraux J. [The shortened Beck degian inventory (13 items). Study of the
concurrent validity with the Hamilton scale and Vgither's retardation scale]. Encephale 1986;
12: 77-9.

61. Beck AT, Beck WR. Screening depressed patiarfeamily practice: A rapid technique.
Postgrad Med 1972; 52: 81-5.

62. Freeston MH, Ladouceur R, Thibodeau N, Gagnd®heaume J. [The Beck Anxiety
Inventory. Psychometric properties of a Frenchdiation]. Encephale 1994; 20: 47-55.

63. Beck AT, Epstein N, Brown G, Steer RA. An intagg for measuring clinical anxiety:
psychometric properties. J Consult Clin Psycholg8l $%: 893-7.

64. Bouvard M, Charles S, Guerin J, Aimard G, GaixrJ. [Study of Beck's hopelessness
scale. Validation and factor analysis]. Enceph&l@?] 18: 237-40.

65. Beck AT, Weissman A, Lester D, Trexler L. Theasurement of pessimism: the
hopelessness scale. J Consult Clin Psychol 197486425.
66. Vallieres EF, Vallérand R. [French-Canadianghation and validation of the

Rosenberg’'s Self-Esteem Scale]. Int J Psychol 1290305-16.
67. Rosenberg M. Society and the adolescent salfigmPrinceton (NJ): Princeton
University Press, 1965.

68. DiStefano C. The impact of categorization veitimfirmatory factor analysis. Structural
Equation Modeling 2002; 9: 327-46.
69. Dolan CV. Factor analysis of variables witl825 and 7 response categories: A

comparison of categorical variable estimators usingilated data. British Journal of
Mathematical and Statistical Psychology 1994; 4B-26.

70. Finney SJ, DiStefano C. Non-normal and categbdata in structural equation modeling.
In: Hancock GR, Mueller RO, editors. Structural Btjon Modeling: A Second Course.
Greenwich, Connecticut: IAP, 2006: 269-314.

71. Lubke GH, Muthen BO. Applying Multigroup Confiatory Factor Models for
Continuous Outcomes to Likert Scale Data ComplicMeaningful Group Comparisons.
Structural Equation Modeling 2004; 11: 514-34.

72. Beauducel A, Herzberg PY. On the Performanddadimum Likelihood Versus Means
and Variance Adjusted Weighted Least Squares Estiman CFA. Structural Equation Modeling
2006; 13: 186-203.

73. Flora DB, Curran PJ. An Empirical EvaluationAdiernative Methods of Estimation for
Confirmatory Factor Analysis With Ordinal Data. Psglogical Methods 2004; 9: 466-91.



Psychometric properties of the French CESI®

74. Forero CG, Maydeu-Olivares A, Gallardo-PujolHactor analysis with ordinal

indicators: A Monte Carlo study comparing DWLS didS estimation. Structural Equation
Modeling 2009; 16: 625-41.

75. Muthén BO, du Toit SHC, Spisic D. Robust infere using Weighted Least Squares and
guadratic estimating equations in latent variabteleting with categorical and continuous
outcomes. Mplus Technical Report; 1997; Availalbte:
http://gseis.ucla.edu/faculty/muthen/articles/Agi@75.pdf

76. Muthén LK, Muthén BO. Mplus user's guide. Lamales, CA: Muthén & Muthén, 2010.

77. Hu LT, Bentler PM. Cutoff criteria for fit indes in covariance structure analysis:
Conventional criteria versus new alternatives. @tme Equation Model 1999; 6: 1-55.

78. MacCallum RC, Browne MW, Sugawara HM. Poweilysia and determination of
sample size for covariance structure modeling. Rsyiglethods 1996; 1: 130-49.

79. Yu CY. Evaluating cutoff criteria of model fitdices for latent variable models with
binary and continuous outcomes. . Los Angeles: &hsity of California; 2002.

80. Cheung GW. Testing equivalence in the structueans, and variances of higher-order

constructs with structural equation modeling. Oigational Research Methods 2008; 11: 593-
613.

81. Millsap RE, Yun-Tein J. Assessing Factorialdnance in Ordered-Categorical
Measures. Multivariate Behavioral Research 2004439-515.

82. Morin AJS, Madore |, Morizot J, Boudrias J-$efblay M. The Workplace Affective
Commitment Multidimensional Questionnaire: Factbu&ure and Measurement Invariance.
International Journal of Psychology Research 2@03807-44.

83. Chen FF. Sensitivity of goodness of fit indetekck of measurement. Structure
Equation Model 2007; 14: 464-504.
84. Cheung GW, Rensvold RB. Evaluating goodnedg-ofdexes for testing measurement

invariance. Structure Equation Model 2002; 9: 283-5

85. Muthén BO. Mplus Technical Appendices. Los éleg, CA: Muthén and Muthén; 2004;
Available from:http://www.statmodel.com/techappen.shtml

86. Asparouhov T, Muthén BO. Robust chi-squareediffice testing with mean and variance
adjusted test statistics. Los Angeles, CA: Muthgd Muthén 2006; Available from:
http://www.statmodel.com/examples/webnote.shtml#Geb

87. Rensvold RB, Cheung GW. Testing measuremenehfodfactorial invariance: A
systematic approach. Educational and Psycholoflealsurement 1998; 58: 1017-34.
88. McDonald RP. The theoretical foundations of@pal factor analysis, canonical factor

analysis, and alpha factor analysis. Bristish JalushMathematical and Statistical Psychology
1970; 23: 1-21.

89. Nolen-Hoeksema S. Sex differences in unipag@ression: evidence and theory. Psychol
Bull 1987; 101: 259-82.

90. Scheibe S, Preuschhof C, Cristi C, Bagby RM: there gender differences in major
depression and its response to antidepressant$@cl Bisord 2003; 75: 223-35.

91. Christensen H, Jorm AF, Mackinnon AJ, Korten, 8&comb PA, Henderson AS, et al.
Age differences in depression and anxiety sympt@ansstuctural equation modelling analysis of
data from a general population sample. Psychol M99; 29: 325-39.

92. Morin AJS, Janosz M, Larivée S. The Montreabldcent Depression Development
Project (MADDP): School life and depression follogihigh school transition. Psychiatry
Research Journal 2009; 3.

93. Salokangas RK, Vaahtera K, Pacriev S, SohimdreBtinen V. Gender differences in
depressive symptoms. An artefact caused by measuatenstruments? J Affect Disord 2002; 68:
215-20.

94. Steer RA, Beck AT, Brown G. Sex differencegtmrevised Beck Depression Inventory
for outpatients with affective disorders. J Persess 1989; 53: 693-702.

95. Wenzel A, Steer RA, Beck AT. Are there any gardifferences in frequency of self-
reported somatic symptoms of depression? J Affészrid 2005; 89: 177-81.

96. Gladstone TR, Kaslow NJ. Depression and attdbs in children and adolescents: a
meta-analytic review. J Abnorm Child Psychol 1925; 597-606.



Psychometric properties of the French CESFD

97. Beck AT, Steer RA. Manual for the Beck Deprasdnventory. San Antonio, TX: The
Psychological Corporation Harcourt Brace and Comppaf93.

98. Beck AT, Steer RA. Beck Anxiety Inventory Mahugan Antonio, TX: The
Psychological Corporation Harcourt Brace and Compaf93.

99. Janes H, Pepe MS. Adjusting for covariatesudiss of diagnostic, screening, or
prognostic markers: an old concept in a new settkng J Epidemiol 2008; 168: 89-97.



Psychometric properties of the French CESH®

Appendix
Model specifications for the invariance testing sagence.

The sequential strategy that was followed in thesent study and the details of model
specifications were devised from the work of Metiedind Teresi [30] on the invariance of first-
order factor models, Cheung [80] on the invariapsicgecond-order factor models, as well as
Millsap and Yun-Tein [81] and Morin, Madore, Mortz&oudrias and Tremblay [82] on the
invariance of first-order factor models based aeoed categorical items. The Mplus inputs,
based on the theta parameterization, are availgdgaa request from the first author. For a formal
mathematical presentation of these specificatioajriterested reader is referred to Millsap and
Yun-Tein [81].

Invariance of the first order factor structure.

A note on thresholds With ordered-categorical items, both the threshalus the
intercepts of an item cannot be identified at #ime time and provide redundant information.
Thresholds are the points on the latent responsat@ainderlying the observed categorical item
at which the observed scores change from one agtéganother. Intercept represent the
intercept of the relation between the latent faatwt the latent response variate underlying the
observed categorical item. Mplus defaults invoharking with thresholds rather than intercepts
[76, 85] given that thresholds allow a greater lefdlexibility.

Configural invariance. This step involves verifying whether the samddamodel (i.e.
with the same pattern of fixed and free parametsrs)pported across groups, before adding any
constraints. This model is first estimated sep§rateeach group and then in the context of a
multi-group model. For this model to be identifi€dl items’ uniquenesses are fixed to one in the
first referent group and free in the remaining camgon group; (ii) factor means are fixed to zero
in the referent group and free in the comparisauy (i) the loading of the referent variables
(i.e. the first item from each factor) was fixedoiwe; (iv) the first two thresholds for the refdren
variables and the first threshold from the othertaldes were fixed to equality across groups.

Weak invariance. For the factors to have the same meaning acrosgpgyrtheir loadings

need to be equivalent. Thus, weak invariance tedéasy the addition of equality constraints on
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the factor loadings across groups. The loadingp@f¢ferent variable was freed (but specified as
equal across groups), but the factor variance ixad fo one in the referent group.

Strong invariance. Strong invariance indicates whether individualthwhe same score
on a latent factor answer the items in a similay.vita other words, strong invariance verifies if
mean differences at the item level are fully expdi by mean differences at the factor level. This
assumption is tested by adding equality constraintall thresholds across groups. Strong
invariance is a prerequisite to valid latent mearels comparisons across groups.

Strict invariance. The more stringent assumption of strict invare@myvolves testing
whether the items levels of measurement errore@uévalent across groups by adding equality
constraints on items’ uniguenesses across grougpdixing them to one in all groups). Strict
invariance is a prerequisite to valid manifest mkels (i.e. based on summed/averaged scores)
comparisons across groups.

Invariance of the factor variance/covariance matries The previous steps are
sufficient to assume that the measurement progastian instrument are the same across groups.
However, it is also informative to test whether thivariance/covariance matrix is also
invariance across groups. This is done by addingléy constraints on the factor covariances
and by fixing all factor variances to one in albgps.

Latent mean invariance.Finally, factor means were constrained to equaldss groups
(i.e. fixed to zero in all groups). At this stepjection of the invariance hypothesis indicate
significant latent mean-levels differences acrassigs and the latent means estimated from the
preceding model can be used to estimate the sitesé differences. As the latent means are
fixed to zero in the referent group in the precgditodel, the latent means estimated in the
comparison group represent mean-level differeneesden groups and the significance test
associated with these latent means indicate whétkgrsignificantly differ from the other group.
Invariance of the second order factor structure.

Configural invariance. This step involves verifying whether the samenbigorder factor
model is supported across groups. This model isat#d from the first order strictly invariant

model (i.e. the first order part of the model istased to be strictly invariant or at least based on
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the results of the first four steps of the firstl@r invariance tests). For the second order part of
this model to be identified, (i) second-order fadbmdings were freely estimated in all group but
the variance of the second-order factor was fixegne in all groups; (ii) second-order intercepts
(i.e. the means of the first-order factor oncesgbeond-order factor is taken into account) were
fixed to zero in the referent group but freely mstied in the comparison group; (iii) the second-
order factor mean was fixed to zero in the refegeatip and freely estimated in the comparison
group; (iv) the second-order disturbances (thttdésvariance of the first-order factor that remains
unexplained by the second-order factor) were fioeone in the referent group but freely
estimated in the comparison group.

Weak invariance. Weak invariance of the second-order factor stingcivas tested by
adding equality constraints on the second-ordegofdcadings across groups. At this step, the
second-order factor variance could be freed irctireparison group.

Strong invariance. Strong invariance of the second-order factor stingcwas tested by
adding equality constraints on the second-orderaepts across groups. At this step, the second-
order factor mean could be freed in the comparigonp.

Strict invariance. Strict invariance of the second-order factorctite was tested by
constraining the second-order disturbances to #guyiaé. fixing them all to one) across groups.

Invariance of the second-order factor variancelnvariance of the second-order factor
variance was tested by constraining it to oneligralups.

Latent Mean Invariance. Invariance of the second-order factor mean wdeddsy

constraining it to zero in all groups.
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Table 1.ltems of the French CES-D

N° Items Scale

1 J'ai été contrarié(e) par des choses qui d’habitedme dérangent paswas sc
bothered by things that usually don't bother)me.

2 Je n’ai pas eu envie de manger, j'ai manqué diappétid not feel like eating; my gc
appetite was poay.

3 J'ai eu I'impression que je ne pouvais pas sotticafard, méme avec l'aide de mgp
famille et de mes ami(e)d.félt that | could not shake off the blues eveit\uelp
from my family and friends.

4 J'ai eu le sentiment d’étre aussi bien que lesaudrfelt that | was just as good PA*
as other people.)

5 J'ai eu du mal & me concentrer sur ce que je $a{s&iad trouble keeping my mindSC
on what | was doing.)

6 Je me suis senti(e) déprimékfelt depressed.) DA
J'ai eu I'impression que toute action me demandgaieffort. (I felt that everything SC
| did was an effort.)

J'ai été confiant(e) en I'avenifl felt hopeful about the future.) PA*
J'ai pensé que ma vie était un échéthought my life had been a failure.) DA

10  Je me suis senti(e) craintif(vé) felt fearful.) DA

11  Mon sommeil n'a pas été bofMy sleep was restless.) SC

12 Jai été heureux(se(l. was happy.) PA*

13  Jai parlé moins que d'habitudétalked less than usual.) SC

14 Je me suis senti(e) seul(@)felt lonely.) DA

15 Les autres ont été hostiles envers rtideople were unfriendly.) IR

16  Jai profité de la vie(l enjoyed life.) PA*

17  J'ai eu des crises de larm@shad crying spells.) DA

18  Je me suis senti(e) tristg felt sad.) DA

19  Jaieu l'impression que les gens ne m'aimaient (hdslt that people disliked me.)IR

20  Jai manqué d’entrair{l could not get "going".) SC

Note. CES-D: Center for Epidemiologic Studies - psgion scale; DA: Depressed affect; PA:
Positive affect; SC: Somatic complaints; IR: Disen interpersonal relationships; *: reversed

score.
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Table 2.
Goodness of Fit Indices of CES-D Modkgls
Stages Model N° Description b df CFI TLI RMSEA ggAO/SOECAl MD Ay2(df) ACH  ATLI ARMSEA
Stage 1CFA 1 Single factor model 734.884* 170 973 .970 840 .078-.090
2 Two correlated factors: 1: PA+IR; 2: DA+SC SnEp* 169 .984 .982 .066 .060-.073
3a Three correlated factors: 1: SC; 2: IR; 3: PA+ 571.679* 167 .981 .978 .072 .065-.078
3b Three correlated factors: 1: PA; 2: IR; 3: [B& 321.044* 167 .993 .992 .044 .037-.052
4 Four correlated factors: 1: DA, 2: SC; 3: PAJR 307.104* 164 .993 .992 .043 .036-.051
5 Four forder factors and oné%order factor 315.460* 166 .993 .992 .044 .036-.051
Stage 2CFA, ' order 6a Men (= 161) 194.662* 164 .995 .994 .034 .000-.051
gender-invar. 6b Womenif = 308) 275.960* 164 .992 .991 .047 .037-.057
7a 1-Configural invariance 471.741* 328 .993 .992.043 .034-.052
2-Weak invariance (loadings) 493.419* 344 993929 .043 .034-.051  26.965 (16) .000 .000 .000
3-Strong invariance (thresholds) 518.899* 380 3.99.993 .039 .031-.048  43.389 (36) .000 +.001 -.004
4-Strict invariance (uniquenesses) 543.057* 40093. .993 .039 .030-.047 39.091 (20)*  .000 .000 .000
5-Variances-covariances invariance 504.746* 41093. .996 .031 .021-.040 13.799 (10) .000 +.003 8.00
6-Latent mean invariance 709.378* 414 985 987 55.0 .048-.062 54.397 (4)* -.008 -.009 +.024
CFA, 2%order 7b 1-Configural invariance (from model 7a4) 54864 404 993 .993 .039 .031-.047
gender-invar. 2-Weak invariance (8 order loadings) 575.894* 407 .992 .992 .042 .@B0. 14185 (3)* -.001 -.001 +.003
(from 7a4) 3-Strong invariance {2order inter./% order means)  570.070* 410 .992 .993 .041 .032-.0491.504 (3) .000 +.001 -.001
4-Strict invariance (2 order uniq./t order var.) 566.085* 414 992 .993 .040 .031-.0475.599 (4) .000 .000 -.001
5-Variance invariance of th&@®rder factor 510.521* 415 .992 .996 .031 .021-.0400.688 (1) .000 +.003 -.009
6-Latent mean invariance of th& ®rder factor 713.973* 416 .985 .986 .055 .048-.0626.424 (1)* -.007 -.010 +.024
Stage 3CFA, T order 8a Community sample (n = 306) 254.493* 164 977 974.042 .032-.052
clinical-invar. 8b Depressed patients£ 163) 225.503* 164 973 .968 .048 .031-.063
9a 1-Configural invariance 523.978* 328 .969 .964 .050 .042-.058
2-Weak invariance (loadings) 514.236* 344 .96970.9 .046 .037-.054 7.532 (16)
3-Strong invariance (thresholds) 584.986* 380 8.96.968 .048 .040-.055 84.924 (36)* -.001 -.002 2.00
4-Strict invariance (uniquenesses) 732.541* 40047. .950 .060 .053-.066 108.272 (20)x.021 -.018 +.012
4’-Partial strict invariance (items 1, 2, 11,fiée) 663.887* 396 .959 .959 .054 .047-.061 68@®)* -.009 -.009 +.006
5-Variances-covariances invariance (from 4) 639* 406 .959 .963 .052 .044-.059 27.067 (10)*  .00G-.004 -.002
6-Latent mean invariance (from 4) 3258.110* 410650 .583 A72 .167-.178 724.368 (4)* -.409 -380 126.
CFA, 2%order 9b 1-Configural invariance (from model 9a4’) 6682 400 .958 .960 .053 .046-.061
clinical-invar. 2-Weak invariance (8 order loadings) 675.454* 403 957 .959 .054 .M6LE. 9.976 (3) -.001 -.001 +.001
(from 9a4’) 3-Strong invariance {2order inter./% order means)  709.534* 406 .952 .955 .056 .050-.0630.131 (3)* -.005 -.004 +.002
4-Strict invariance (2 order uniq./t order var.) 750.284* 410 .946 .950 .059 .053-.06@29.550 (4)* -.006 -.005 +.003
5-Variance invariance of th@®rder factor 672.722* 411 946 .962 .052 .045-.0591.428 (1) .000 +.012 -.007
6-Latent mean invariance of th& ®rder factor 3263.363* 412 549 584 172 .166-.17381.893 (1)* -.397 -.378 +.120

Note. * p < .01; CFA: Confirmatory factor analytic modgP, (B-S): Bollen-Stine chi-squareif: Degrees of freedom; CFl: Comparative fit index;l:TTucker-Lewis index; RMSEA: Root mean squareoerof

approximation; RMSEA 90% Cl: 90% Confidence intdrfor the RMSEA point estimate; DA: Depressed @ffePA: Positive affect; SC: Somatic complaints;: IRisturbed interpersonal relationships;
MDAy2: Change irg? relative to the preceding model calculated fropidd DIFFTEST functionACFI: Change in comparative fit index relative te ireceding modeSTLI: Change in Tucker-Lewis index relative to
the preceding modeSRMSEA: Change in root mean square error of appration relative to the preceding model.
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Table 3.

Concurrent Validity of the CES-D

Scales BDI-13 BAI RSEI BHS
DA 87* (.65*) .80* (.39%)" —.67* .63*
PA 69* (.47%) .58* (.09) —.60* 61*
SC .84* (.59%) 79* (.41%) —.64* .60*
IR 54* (.25%) 51* (.18%) —.42% 42%
Full .89* (.71%) .82* (.42%) —.70* 67*

Note.*: Zero-order correlation controlling for BAI; Zero-order correlation controlling for BDI-

13; DA: Depressed affect; PA: Positive affect; SS8omatic complaints; IR: Disturbed

interpersonal relationships; BDI-13: Beck deprassiventory with 13 items; RSEI: Rosenberg
self-esteem inventory; BAI: Beck anxiety inventoBES: Beck hopelessness scalg; < .001.
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Table 4.

Sensitivity and Specificity of the CES-D at variousoff levels for the pooled and gender subsasnple

Pooled (i = 469) Men (n = 161) Women ( = 308)

Cutoff

score TP TN FP  FN Se Sp TP TN FP  FN Se Sp TP TN FP FN Se Sp
15 149 230 76 14 914 752 33 103 21 4 .892 .831 116 127 55 10 .921 .698
16 148 243 63 15 908 .794 32 108 16 5 .865 .871 116 135 47 10 921 .742
17 145 251 55 18 .890 .820 31 109 15 6 .838 .879 114 142 40 12 905 .780
18 142 256 50 21 .871 .837 31 112 12 6 .838 .903 111 144 38 15 .881 .791
19 139 263 43 24 .853 .859 30 114 10 7 .811 .919 109 149 33 17 865 .819
20 135 270 36 28 .828 .882 29 115 9 8 784 927 106 155 27 20 .841 .852
21 134 277 29 29 .822  .905 29 118 6 8 .784 952 105 159 23 21 .833 .874
22 128 281 25 35 .785 .918 28 118 6 9 757 .952 100 163 19 26 .794 .896

Note. Se: sensitivity; Sp: Specificity; TP: Truespiive; FP: False positive; TN: True negative; FiNilse negative; the text in bold correspond tohist cut-off
scores in each subgroup.
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Figure 1.Estimated Standardized Uniquenesses, Disturbanceksaadings for Model 5
All loadings are significant at P < .001



