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WEIGHT AND APPETITE AS INDICATORS OF DEPRESSION

During childhood and adolescence, physiological, psychological, and behavioral processes strongly
promote weight gain and increased appetite while also inhibiting weight loss and decreased appetite. The
Diagnostic and Statistical Manual-IV (DSM-1V) treats both weight-gain/increased-appetite and weight-
loss/decreased-appetite as symptoms of major depression during these developmental periods, despite the
fact that one complements typical development and the other opposes it. To disentangle the develop-
mental versus pathological correlates of weight and appetite disturbance in younger age groups, the
current study examined symptoms of depression in an aggregated sample of 2307 children and adoles-
cents, 47.25% of whom met criteria for major depressive disorder. A multigroup, multidimensional item
response theory model generated three key results. First, weight loss and decreased appetite loaded
strongly onto a general depression dimension; in contrast, weight gain and increased appetite did not.
Instead, weight gain and increased appetite loaded onto a separate dimension that did not correlate
strongly with general depression. Second, inclusion or exclusion of weight gain and increased
appetite affected neither the nature of the general depression dimension nor the fidelity of major
depressive disorder diagnosis. Third, the general depression dimension and the weight-gain/
increased-appetite dimension showed different patterns across age and gender. In child and adoles-
cent populations, these results call into question the utility of weight gain and increased appetite as
indicators of depression. This has serious implications for the diagnostic criteria of depression in
children and adolescents. These findings inform a revision of the DSM, with implications for the
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diagnosis of depression in this age group and for research on depression.

Keywords: depression, K-SADS, IRT, weight, appetite

Appetite increase and decrease as well as weight gain and loss
are listed by the Diagnostic and Statistical Manual of Mental
Disorders — Fourth Edition (DSM-IV; American Psychiatric As-
sociation, 2000) as symptoms of depression for all ages, despite
the fact that during childhood and adolescence weight gain and
increased appetite are normative and weight loss and appetite
decrease are not. Treating increased appetite and weight as indi-
cators of depression in youths may be problematic, as so many
physiological and psychological processes affect weight and ap-
petite during this developmental period that the effect of depres-
sion on these symptoms may be negligible. The primary goal of
this article is to examine depression symptoms (as defined in
DSM) in 2307 children and adolescents, assessed via semistruc-
tured clinical interview (i.e., the Kiddie Schedule of Affective
Disorders and Schizophrenia for School-Aged Children; KSADS),
to test whether or not changes in appetite and weight provide
useful information in the diagnosis of depression or in the assess-
ment of its severity. Answers to these questions could inform
efforts to refine research and clinical diagnostic criteria for depres-
sion in youths. Further, the revision of the DSM that is underway
should be informed by the best possible empirical evidence. The
overarching goal of this study is to provide such information about
depression in children and adolescents.

Recent research provides theoretical reasons why increased ap-
petite and weight may not be useful indicators of child and ado-
lescent depression (Felton, Cole, Tilghman-Osborne, & Maxwell,
2010; Maxwell & Cole, 2009). Taken together, these articles argue
that at least two broad classes of factors affect weight and appetite
in childhood and adolescence to such an extent that depression
may not be associated with sufficient increases in weight or
appetite to warrant regarding them as symptoms of the disorder.
One set of factors involves physiological and metabolic changes:
hypothalamic neuropeptides (Fehm et al., 2001; Jéquier & Tappy,
1999; Terasawa & Fernandez, 2001), endogenous reward systems
(Neary, Goldstone, & Bloom, 2004; Stanley, Wynne, McGowan,
& Bloom, 2005), and puberty-related hormonal levels (Ahmed et
al., 1999; Bornstein, Schuppenies, Wong, & Licinio, 2006; Neary

et al., 2004; Romeo & McEwen, 2006). During childhood and
adolescence, such hormonal and physiological changes profoundly
affect weight and appetite.

A second set of factors includes psychological and behavioral
variables, which also affect appetite and weight during this devel-
opmental period. One such behavior is dieting. Up to 60% of
adolescent girls and more than 10% of adolescent boys are “on a
diet” at any given time (Patton et al., 1997). Ironically, adolescent
dieting is actually predictive of weight gain, after controlling for
initial body mass (Field et al., 2003; Neumark-Sztainer et al.,
2006; Stice, Cameron, Killen, Hayward, & Taylor, 1999). A sec-
ond behavioral factor is exercise (Goldberg & King, 2007; Ross et
al., 2000). Steep reductions in physical activity occur during ado-
lescence, largely because of declining participation in nonorga-
nized sports (Sallis, 2000). A third psychological factor is stress.
Self-reported levels of social stress reach their peak during ado-
lescence and early adulthood (Turner, Wheaton, & Lloyd, 1995).
During periods of stress, individuals exhibit poorer impulse control
(Tice, Bratslavsky, & Baumeister, 2001) and show increased in-
clination to use food to alleviate distress (Gallup & Castelli, 1989;
Markowitz, Friedman, & Arent, 2008).

The net result of these relatively typical physiological and
psychological factors is that people typically gain 50% of adult
body weight during adolescence (Lerner & Steinberg, 2004). With
so many systems vying for control of weight and appetite, the
question becomes, does any residual opportunity exist for depres-
sion to precipitate further increases in appetite and weight during
this developmental period? Conversely, symptoms of decreased
appetite and weight emerge despite these normative developmental
forces and therefore may serve as strong indicators of depression
during this time period.

Weiss and Garber (2003) and Felton et al. (2010) reviewed
studies that examined weight and appetite disruption in depressed
children and adolescents. Many of these studies bundled weight/
appetite increase together with weight/appetite decrease, perhaps
because DSM—-IV describes them as a single symptom (e.g., Fla-
ment, Cohen, Choquet, Jeammet, & LeDoux, 2001). Of studies
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that have separated this symptom into its components, most did not
actually test the relation of symptoms to the disorder (e.g., Bor-
chardt & Meller, 1996; Friedman, Hurt, Clarkin, Corn, & Aronoff,
1983; Strober, Green, & Carlson, 1981). Nevertheless, these stud-
ies often showed that weight gain and appetite increase were
among the least prevalent symptoms in youths who were depressed
(e.g., Mitchell, McCauley, Burke, & Moss, 1988; Yorbik, Birma-
her, Axelson, Williamson, & Ryan, 2004). Yorbik et al.’s (2004)
study is especially interesting in that they factor analyzed symp-
toms of depression based on KSADS data in samples of depressed
children and adolescents. In both age groups, evidence emerged
for a separate weight-gain/appetite-increase factor, suggesting that
weight and appetite measured something qualitatively different
from other depressive symptoms. Unfortunately, several method-
ological issues make it difficult to use their results to address our
questions. Varimax rotation prevented examination of correlations
between the factors. Use of Kaiser’s criterion may have overesti-
mated the number of factors (Zwick & Velicer, 1986). Use of only
depressed individuals in their analyses could restrict range on key
variables and attenuate parameter estimates.

We did find two studies that (a) separately examined increased
appetite and weight gain and (b) formally tested whether the
likelihood of having these symptoms was conditional on having
the disorder. One was Mitchell et al.’s (1988) study of 125 children
and adolescents who were in psychiatric treatment, 95 of whom
met criteria for major depression. In this sample, not only were
weight gain and appetite increase the two least prevalent symp-
toms, but their occurrence was not statistically related to the
diagnosis of major depression. Furthermore, weight loss and ap-
petite decrease were much more prevalent. The second was Rob-
erts, Lewinsohn, and Seeley’s (1995) community-based study of
1709 high school students, comparing 44 depressed with 1665
nondepressed individuals. Odds ratios revealed that both increased
appetite and weight gain had statistically higher prevalence esti-
mates among depressed than nondepressed participants. Within the
depressed group, however, both symptoms had low prevalence
estimates, placing them among the bottom four of 27 symptoms.
Conversely, moderately to substantially higher prevalence esti-
mates emerged for weight and appetite loss.

Despite the strengths of these studies, two issues qualify their
implications for the current question. First, the criterion with
which the symptoms were compared was the presence or absence
of a major depressive episode. Such diagnoses were based, in part,
upon the presence or absence of each particular symptom. This
represents a part—whole problem that has the potential to create an
upward bias in estimates of the relation between disorder and
symptoms. Second, in the Roberts et al.’s study, the total number
of depressed cases was relatively small (only 44 of 1709), and the
sample was predominantly White (91.1%) and represented a rel-
atively narrow age range (14—18 years). In the Mitchell et al.
(1988) study, the number of depressed cases was much larger but
the comparison group was relatively small (» = 30) and consisted
of both in- and outpatient youths without major depression.

Several aspects of the current study address these concerns.
First, regarding the sample, our goal was to obtain a relatively
large sample of youths that spanned a wide age range, was ethni-
cally diverse, and contained large numbers of individuals with and
without major depressive disorder (MDD). To meet this goal, we
used a subset of Cole et al.”s (2011) composite data set, consisting

of KSADS depression data on children and adolescents provided
by eight clinical research groups in the United States and Great
Britain. For the current study, this subsample contained data from
community samples, high-risk samples, and clinical treatment
samples, so that collectively they represented all levels of depres-
sion severity (47.2% met criterion for MDD). The sample was
diverse with regard to gender, age, and ethnicity. This method
represents an example of what Curran and Hussong (2009) call
integrative data analysis.

Second, to resolve the part—-whole problem, we adopted a latent-
variable approach in which each symptom is compared with the
underlying dimension (or factor)' rather than with a manifest
variable algorithmic combination of observed symptoms. More
specifically, we conceptualized symptoms of depression as indi-
cators of one or more underlying dimensions. On the one hand, if
all depressive symptoms represent a single underlying dimension
of psychopathology, we would expect them all to load positively
onto a single, general depression dimension. On the other hand, if
weight gain and appetite increase are not good indicators of
depression in children and adolescents, we would not expect
KSADS items that represent these symptoms to load onto such a
general depression dimension. Further, if weight gain and in-
creased appetite were to load onto a second dimension, evidence
begins to accrue that these symptoms represent something differ-
ent from depression in this age group. In this case, important
follow-up tests should address specific issues: (a) how highly
correlated the two dimensions are; (b) how much the depression
dimension changes when weight gain and appetite increase are
statistically controlled; (c) how much the relation of a depression
dimension to the diagnosis of MDD changes when weight gain and
appetite increase are statistically controlled; and (d) whether or not
the two dimensions relate differentially to other variables in ac-
cordance with theory and previous research on depression.

This last point deserves elaboration because it speaks to the
issue of construct validity. Cronbach and Meehl (1955) described
validation of a measure as residing, in part, in the empirical
support for its correlation with measures of other constructs to
which it is theoretically related. Previous theoretical and empirical
reports led us to anticipate that measures of depression would
reflect the interaction effects of gender and age (Angold &
Costello, 2006; Kessler, McGonagle, Swartz, Blazer & Nelson,
1993; Nolen-Hoeksema, 1990; Rutter, 1986). Specifically, we
expected that gender difference on depression would be stronger
among adolescents than children (with girls evincing higher scores
than boys).

Method

Data Set Selection

The data set used in the current study represents a subset of the
data set described by Cole et al. (2011). For data from the Cole et
al. study to be eligible for inclusion in the current study, five
criteria were required. First, participants had to be from 4 to 18
years old. Second, the KSADS data must have been collected

! We use the terms dimension and factor interchangeably to refer to the
latent variables extracted using either factor analysis or IRT models.
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before any treatment or preventive intervention. Third, the study
must have included participants for whom KSADS screening items
(e.g., depression, irritability, anhedonia, and, in some cases, sui-
cide) were not used to skip the majority of depression questions.
Fourth, participants could not have missing data for either gender
or age. Fifth, samples from each contributing dataset had to in-
clude sufficient response variation across the variables of interest.
Inclusion criteria 3 and 5 reduced the number of contributing
studies relative to the Cole et al. (2011) study. Eight studies met
these criteria. Of the 2576 participants in these studies, 2307 (90%)
met all criteria for inclusion. Excluded participants did not differ
from included participants on any study variable. Before data
acquisition, we obtained institutional review board approval, ar-
ranged for complete de-identification of data sets, made explicit
the limitations on our use of the data, conferred with the principal
investigator (PI) and other study collaborators to ensure that no
conflicts of interest existed between our research agenda and those
of the original investigator(s), discussed authorship, and obtained
signed letters of agreement from the PI or co-PI of each project.

We refer to studies by the name of the investigator who was our
key collaborator on this project. Contributors included the follow-
ing: Compas and Forehand (Compas et al., 2009; 2010), Curry
(The TADS Team, 2003, 2005), Findling (Findling et al., 2005),
Goodyer (Goodyer et al., 2007, 2008), Hyde and Essex (Essex et
al., 2006; Essex et al., 2009; Grabe, Hyde, & Lindberg, 2007;
Mezulis, Priess, & Hyde, 2010; Priess, Lindberg, & Hyde, 2009),
Rohde (Kaufman, Rohde, Seeley, Clarke, & Stice, 2005; Rohde,
Clarke, Mace, Jorgensen, & Seeley, 2004; Rohde, Seeley, Kauf-
man, Clarke, & Stice, 2006), Weissman (Pilowsky et al., 2008;
Weissman et al., 2006), and Youngstrom (Youngstrom et al.,
2005). Key characteristics of the sample appear in Table 1. In total,
1088 (47.2%) met DSM-IV MDD criteria. For the majority of
these individuals, the current episode was their first.

Measures

The contributing studies used slightly different versions of the
KSADS: the KSADS—Present and Lifetime Version (KSADS-PL;
J. Kaufman et al., 1997; J. Kaufman, Birmaher, Brent, Rao, &
Ryan, 1996), the KSADS-Epidemiological Version (K-SADS-E;
Orvaschel, 1994), and the Washington University KSADS
(KSADS-WASHU; Geller, Zimerman, Williams, et al., 2001). As
in Cole et al. (2011), when the lifetime KSADS was used to assess
multiple episodes of major depression, we used either the current
or most recent episode. All versions of the KSADS contain exam-
ple questions for interviewers to use with children about their own
symptoms and with parents about their child’s symptoms. Al-
though example questions differ slightly from version to version,
no version requires that interviewers adhere precisely to the ques-
tions that are listed. All versions instruct interviewers to inquire
about symptoms in ways that the participants can best understand.>
In the current study, KSADS symptoms were scored such that 1 =
not present, 2 = present at a subclinical level, and 3 = present at
a clinical level. Interrater reliabilities across studies ranged from
0.71 to 0.91 (median = 0.82).

Missing Data

Some missing data occurred in the composite data set. Of the total
2307 cases, 78.6% had no missing data. On average, participants had

Table 1
Sample Characteristics (n = 2307)
Variable Mean (SD) Percent
Demographics
Gender
Female — 473
Male — 52.7
Age 12.5(3.2)
4108 — 13.7
9to 10 — 12.75
11to 12 — 15.95
13 to 14 — 25.53
15 to 16 — 24.44
17 to 18 — 7.63
Race/ethnicity
Black — 30.5
Caucasian — 58.8
Hispanic — 3.6
Other or unknown — 7.2
Population
High-risk — 37.9
Targeted — 44.7
Community — 17.4
Meeting criteria for MDD 473

MDD symptoms (on 3-point KSADS scale)

Affective disturbance 2.33(0.85) —
Depressed mood 1.97 (0.87) —
Irritability 1.96 (0.88) —

Anhedonia 1.93 (0.93) —

Weight/appetite disturbance 1.77 (0.91) —
Appetite decrease 1.46 (0.78) —
Weight loss 1.17 (0.52) —
Appetite increase 1.29 (0.66) —
Weight gain 1.21 (0.58) —

Sleep disturbance 2.04 (0.94) —
Initial insomnia 1.62 (0.84) —
Middle insomnia 1.38 (0.72) —
Terminal insomnia 1.23 (0.60) —
Hypersomnia 1.41 (0.76) —

Psychomotor disturbance 1.93 (0.90) —
Agitation 1.56 (0.77) —
Retardation 1.66 (0.83) —

Fatigue, low energy, tired 1.97 (0.94) —

Worthlessness/guilt 2.08 (0.91) —
Worthlessness 1.90 (0.89) —
Guilt 1.45 (0.75) —

Cognitive disturbance 2.06 (0.94) —
Concentration 1.82 (0.91) —
Indecision 1.56 (0.82) —

Suicide 1.67 (0.84) —

Note. MDD = major depressive disorder. For high-risk (selected for
some risk factor but not the disorder), targeted (selected for the disorder),
and community (from general community but not selected for risk factor or
disorder), numbers are approximations because some studies used multiple
recruitment methods. Because of their low base rates, we did not examine
the symptoms subsumed under Suicide in the DSM (i.e., recurrent thoughts
of death, suicidal ideation, suicidal acts, and suicide plan).

missing values for three of the 23 variables used in the current study.
No significant psychometric differences distinguished participants

2 Lower-order suicide symptoms (i.e., recurrent thoughts of death, sui-
cidal ideation, suicidal acts, suicide plan) were not included in the analysis
because of their low response frequencies.
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with and without missing data. Furthermore, neither the pattern of
missingness nor the number of missing values was significantly
related to the scores on any variable in the study. Consequently, we
included all 2307 participants in the analyses.

Results

Number of Dimensions

Of the methods available for determining the number of dimen-
sions to extract in factor analysis, parallel analysis is generally the
most accurate (Horn, 1965; Humphreys & Montanelli, 1975; Ve-
licer, Eaton, & Fava, 2000; Zwick & Velicer, 1986). Parallel
analysis is a Monte-Carlo-based simulation method that compares
observed eigenvalues with those obtained from uncorrelated nor-
mal variables. A dimension is retained if an eigenvalue from the
observed data is larger than the corresponding value from the
random data. Because the current data contained ordinal responses,
we conducted parallel analysis with polychoric correlations (Cho,
Li, & Bandalos, 2009). The results depicted in Figure 1 support
extraction of two dimensions.

Using Mplus, version 5.21 (Muthén & Muthén, 1998 -2006),
we conducted a series of exploratory factor analyses using
polychoric correlations (specifically, limited information robust
weighted least square estimation with Oblimin rotation and
Oblique type), extracting 1, 2, 3, and 4 factors. In Table 2, we
compare these models using standardized root-mean-square re-
sidual (SRMR), root mean square error of approximation (RM-
SEA), comparative fit index (CFI), and Tucker-Lewis index
(TLI). According to empirically supported guidelines, a model
fits well if the SRMR is smaller than .08, the RMSEA is smaller

11 R —

6 +-----4------mmmmmao-] =O=Real data

Eigenvalue

-B-Random data:
Mean

=—Y=Random data:
95th percentile

Figure 1. Eigenvalues from polychoric-based parallel analysis for the
real data, mean eigenvalues from random data, and 95th percentile of
eigenvalues from random data.

than .06, and the CFI and TLI are larger than .95 (Hu & Bentler,
1999; Yu, 2002). The unidimensional model did not provide a
good fit to the data according to these criteria. All multidimen-
sional models fit the data reasonably well. We then examined
residual variances (and factor correlations) for the 1-, 2-, 3-, and
4-factor solutions. Shifting from the 1- to 2-factor model pro-
duced noteworthy reductions in residual variances for four
items, all pertaining to weight and appetite (in boldface). Fur-
thermore, factors 1 and 2 correlated only 0.19 (SE = 0.02) with each
other. Shifting to a 3- or 4-factor model produced no large reductions
in residual variances (none larger than .20) Furthermore, larger factor
correlations emerged (some > .70). Taken together, these results
suggest that a bidimensional model provided the most parsimonious
yet statistically compelling fit.

Study Comparability

Previous research with this data set supports the basic psycho-
metric equivalence of measure across the contributing studies
(Cole et al., 2011). In the current study, we further examined
comparability across three subgroups that used slightly different
versions of the KSADS (KSADS-PL, KSADS-E, and WASH-U).
First, we conducted parallel analysis on polychoric correlations for
each group. In all three groups, these analyses clearly supported
the extraction of two dimensions. We then conducted differential
item functioning (DIF) analysis across subgroups, using the mul-
tidimensional version of Samejima’s (1969) graded response
model (Muraki & Carlson, 1995). We chose this method in part
because of our evidence of multidimensionality and in part be-
cause it later serves as our main data analytic method. We used a
compensatory multidimensional model in which each item was
allowed to load onto two dimensions. We chose an exploratory
over a confirmatory approach because misspecification of zero
discriminations in a confirmatory approach would bias estimates
of item characteristics and correlations between dimensions (As-
parouhov & Muthén, 2009; Browne, 2001).

This model was estimated using limited information robust
weighted least square estimation (WLSM in Mplus) and Geomin
rotation.> No estimation problems occurred, and the model fit the
data well in each of the three groups. We then conducted three
two-group comparisons, using two DIF detection procedures based
on WLSM estimates: (1) scaled Ay test (Satorra & Bentler, 2001)
of the different measurement models (Asparouhov & Muthén,
2009) and (2) differential functioning of items and tests (DFIT) for
the multidimensional model (Oshima, Raju, & Flowers, 1997).
Under a DFIT framework, the noncompensatory DIF index
(NCDIF) is an item level index similar to Raju’s (1988) unsigned
area index (Raju, van der Linden, & Fleer, 1995). DIF testing
based on the chi-square statistic is known to be highly sensitive to
sample size (Kim, Cohen, Alagoz, & Kim, 2007). When the

3 Limited information and full information estimation produced similar
parameter estimates and standard errors in models without group invari-
ance constraints. To test equivalence across groups, however, cross-group
constraints must be imposed, limiting the use of full information estima-
tion. Therefore, limited information estimation was used for the DIF
analyses. Also, we tried Quartimin, Geomin, and Target rotation methods
and found that the patterns of item discriminations were similar across all
methods. We report the results of Geomin rotation here.
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Table 2
Fit Indices and Residual Variances From Exploratory Factor
Analyses Extracting 1, 2, 3, and 4 Factors

Index/variable 1-factor 2-factor 3-factor 4-factor
Goodness-of-fit indices
SRMS 0.102 0.053 0.041 0.030
RMSEA 0.095 0.057 0.047 0.036
CFI 0.907 0.967 0.979 0.989
TLI 0.940 0.986 0.990 0.994
Residual variances
Depressed mood 0.118 0.115 0.113 0.107
Trritability 0.286 0.282 0.281 0.278
Anhedonia 0.231 0.226 0.208 0.202
Appetite decrease 0.506 0.127 0.110 0.084
Weight loss 0.602 0.379 0.378 0.379
Appetite increase 0.591 0.101 0.080 0.085
Weight gain 0.632 0.222 0.224 0.214
Initial insomnia 0.534 0.527 0.402 0.377
Middle insomnia 0.523 0.495 0.319 0.207
Terminal insomnia 0.627 0.605 0.466 0.450
Hypersomnia 0.553 0.536 0.508 0.509
Agitation 0.536 0.531 0.529 0.529
Retardation 0.458 0.452 0.441 0.438
Fatigue 0.221 0.213 0.195 0.175
Worthlessness 0.346 0.341 0.338 0.297
Guilt 0.500 0.494 0.486 0.458
Concentration 0.365 0.360 0.331 0.303
Indecision 0.464 0.455 0.377 0.354
Suicide 0.578 0.573 0.537 0.332

Note. Bold type indicates items for which the shift from 1 to 2 factors
produced large reductions in residual variance.

sample size is large, statistical significance can emerge even when
DIF is actually quite small. Typically, examination of DIF effect
sizes addresses this concern. In such cases, Raju et al. (1995)
recommended using cutoff values. Although statistically signifi-
cant DIF was detected using our two procedures, the NCDIF
values for the DIF items are less than 0.05, indicating that the
magnitude of DIF is not large (Bolt, 2002; Flowers, Oshima, &
Raju, 1999). Given these results, we concluded that DIF was
negligible and that the subgroups of data could be combined.

IRT Analyses: Exploratory Multidimensional Graded
Response Model

Item parameter estimates and SEs for an exploratory bidimen-
sional graded response model using the aggregated dataset are
listed in Table 3. Most important for our purposes are the item
discriminations, which can be interpreted as (and transformed into)
factor loadings for categorical responses. The scale for these
estimates was standardized in probit values. All but two of the 19
items had large discriminations relative to Dimension 1. Because
all items represented symptoms of MDD, we regarded Dimension
1 as general Depression. Weight loss and appetite decrease were
among these 17 symptoms. The two remaining items, appetite
increase and weight gain, had large discriminations on Dimension
2. Weight loss and decreased appetite also contributed to Dimen-
sion 2; however, their discriminations were in the opposite direc-
tion relative to weight gain and increased appetite. Because dis-
criminations of all other variables relative to this dimension were
relatively small, we regarded Dimension 2 as a specific Weight-

gain/Increased-appetite dimension. Item thresholds are also pre-
sented in Table 3, which represent symptom severity information
for each item on the sum of Dimensions 1 and 2 (because a
compensatory multidimensional structure was used). Threshold 1
reflects the transition points from a score of 1 (symptom is absent)
to a score of 2 or 3 (symptom is present at a subclinical or clinical
level) on a given item. Threshold 2 reflects the transition points
from a score of 1 or 2 to a score of 3 on a given item.

Figure 2 depicts Test Information Functions (TIFs) for both
dimensions. These curves show how much information derives
from each dimension, holding the other dimension constant at its
mean. A higher curve implies greater measurement fidelity. A high
curve that is also wide implies good measurement fidelity across a
wide range on the underlying dimension. Clearly, the TIF for
Dimension 1 is substantially elevated relative to the TIF for
Dimension 2. Much less information can be expected from Di-
mension 2 compared with Dimension 1 (in part because so few
items made strong contributions to this dimension).

Interpretation and Utility of the Dimensions

One practical question is whether the assessment of youths on a
general Depression dimension is seriously affected when we also
extract (and thereby control for) the Increased Weight/Appetite
dimension. First, we compared scores on Dimension 1 as derived
from a unidimensional model to scores on Dimension 1 as derived
from a bidimensional model. The regression of one set of scores on
the other revealed a correlation of 0.999. Examination of the
residuals revealed that more than 98% of the residuals were within
0.5 units of their predicted values. These results suggest that we
would make very similar inferences about level of general depres-
sion without information from Dimension 2.

A second way to address this question is to compare scores
on the extracted dimensions to the presence or absence of
MDD. Figure 3 shows the relation of MDD to five different
levels of the various extracted dimensions (D): Level 1 (D <
—1),Level2 (=1 =D <0),Level3(0=D<1),Leveld (1=
D <2), and Level 5 (2 = D). The diagnostic frequencies at
different levels of Dimension 1 derived from a unidimensional
model are very similar to those for Dimension 1 derived from a
bidimensional model (compare the first and second set of bars
in Figure 3). Clearly, the inclusion of information about weight
gain and increased appetite did not enhance the diagnostic
utility of a general Depression dimension. Reasons for this
finding become evident when examining the relation of Dimen-
sion 2 to MDD (right side of Figure 3), where the correspon-
dence with MDD is much weaker.

Gender and Age Differences

Another study goal was to examine Age and Gender differ-
ences on the two extracted dimensions. Group mean differences
are not meaningful, however, if DIF exists across the groups.
Therefore, we began by testing gender- and age-related DIF,
using the same two procedures described above, the Ax? com-
parison of different measurement models and DFIT for the
multidimensional model.

Gender DIF. We began by comparing three nested models.
First, we fit a configural invariance model in which all item
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Table 3
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Item Parameter Estimates (and Standard Errors) for Bidimensional Graded Response Models

Discriminations

Thresholds

Threshold 1 Threshold 2

Dimension 1 Dimension 2 (1 vs. 2 or 3) (1 or2vs. 3)
Items Est. (SE) Est. (SE) Est. (SE) Est. (SE)

Depressed mood 0.907 (0.011) 0.004 (0.016) —0.273 (0.029) 0.348 (0.030)
Irritability 0.794 (0.017) 0.015 (0.028) —0.226 (0.029) 0.323 (0.030)
Anhedonia 0.824 (0.016) 0.035 (0.030) —0.081 (0.026) 0.252 (0.026)
Appetite decrease 0.860 (0.078) —0.649 (0.030) 0.597 (0.031) 0.904 (0.034)
Weight loss 0.741 (0.077) —0.606 (0.034) 1.246 (0.039) 1.531 (0.046)
Appetite increase 0.229 (0.118) 0.832 (0.054) 0.905 (0.034) 1.218 (0.038)

Weight gain 0.136 (0.123)

0.841 (0.056)

1.171 (0.038) 1.377 (0.042)

Initial insomnia 0.689 (0.020) —0.073 (0.034) 0.291 (0.029) 0.718 (0.032)
Middle insomnia 0.723 (0.027) —0.179 (0.036) 0.717 (0.032) 1.070 (0.036)
Terminal insomnia 0.638 (0.031) —0.158 (0.044) 1.080 (0.036) 1.337 (0.041)
Hypersomnia 0.594 (0.029) 0.106 (0.041) 0.692 (0.032) 0.963 (0.035)
Agitation 0.653 (0.021) —0.013 (0.033) 0.297 (0.030) 0.935 (0.034)
Retardation 0.670 (0.021) 0.018 (0.033) 0.186 (0.029) 0.717 (0.032)
Fatigue 0.826 (0.017) 0.059 (0.029) —0.111 (0.026) 0.180 (0.026)
Worthlessness 0.735 (0.020) 0.034 (0.032) —0.118 (0.029) 0.388 (0.030)
Guilt 0.660 (0.022) —0.034 (0.036) 0.535 (0.031) 1.014 (0.035)
Concentration 0.847 (0.014) 0.005 (0.021) 0.043 (0.029) 0.409 (0.030)
Indecision 0.729 (0.021) 0.059 (0.033) 0.381 (0.030) 0.807 (0.033)
Suicide 0.581 (0.023) —0.028 (0.035) 0.181 (0.026) 0.705 (0.029)
Note. Large discriminations appear in bold type.

parameters were estimated simultaneously in each gender
group. Factor means were fixed to 0, factor variances were
fixed to 1, and residual variances were constrained to 1 in both
groups to identify the model. This model fit the data well
(CFI = 0.988, TLI = 0.985, and RMSEA = 0.057). Second, we
fit a weak invariance model, in which the factor means were
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Figure 2. Test information function for Dimensions 1 and 2, holding the

other dimension constant at its mean.

fixed to 0, factor variances were fixed to 1 for males but were
freely estimated for females, factor loadings were equal across
groups, all item thresholds were estimated, and all item residual
variances were set to 1 across groups. This model also fit the
data well (CFI = 0.990, TLI = 0.988, RMSEA = 0.050).
Furthermore, the weak invariance model did not fit significantly
worse than the configural invariance model (scaled X;r— s34,
7=2307) = 2.627 with a p value of approximately 1.000). In
addition, the local model fit did not suggest removing any
loading constraints across groups. Third, we fit a strong invariance
model, which was identical to the weak invariance model except that
all item thresholds were constrained to be equal across groups. This
model provided a good fit to the data (CFI = 0.988, TLI = 0.988,
RMSEA = 0.051) and did not fit significantly worse than the weak
invariance model (scaled X(de:%’ w2307y = 0.337, p value of approx-
imately 1.000). Collectively, these analyses supported measurement
invariance across gender. Finally, we examined gender-related DIF
using the DFIT framework. No evidence of DIF existed, even using
NCDIF cutoffs of either 0.05 or 0.009.

Age DIF. We constructed two age groups for DIF analysis
(younger: age <12 years; older: age =12 years).* We treated
Group 1 as the reference group. The same three measurement
models were used as described in the Gender DIF section (above).

* Typically we would not dichotomize a continuous variable like age.
Unfortunately, statistical methods for examining DIF as a function of a
continuous variable have not been developed. We tried several cutoffs,
with very similar results. We concentrate here on results for the 12-year-old
cutoff because it creates balanced sample sizes (therefore maximizing
power) and represents a reasonable separation of children versus adoles-
cents. Use of lower age cutoffs generated similar results, but the smaller n
for the younger sample created relatively large standard errors.
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Figure 3. Relation of severity levels on dimensions derived from uni- and bidimensional IRT Graded Response

Models to the presence/absence of an MDD diagnosis.

The configural invariance model fit well (CFI = 0.987, TLI =
0.983, RMSEA = 0.059). Similarly, the weak invariance model fit
the data well (CFI = 0.988, TLI = 0.986, RMSEA = 0.053) and
was not significantly different from the configural model (scaled
X(24f:34, n=2307) = 3.584, p value of approximately 1.000). The
strong invariance model also provided a good fit (CFI = 0.933,
TLI = 0.983, RMSEA = 0.059) and was not significantly different
from the weak invariance model (scaled x(gfz%y n=2307) =
20.350, p value <0.983). No evidence of DIF emerged based on
NCDIF with a cutoff of 0.05 or 0.028. These tests showed mea-
surement invariance across the two age groups.

Mean differences across gender and age groups on the two
dimensions. We tested mean differences on the two dimensions
across gender and age using the explanatory multidimensional
graded response model (De Boeck & Wilson, 2004) using
WLSMV in Mplus. We used effect-coding of Gender (male = —1,
female = 1) and age (Group 1 = —1 and Group 2 = 1). On
Dimension 1, tests were significant for the Gender main effect, t =
6.18, p < .001, Age main effect, t = 14.33, p < .001, and Gender
by Age interaction, t = 2.70, p < .007. We followed the interac-
tion with four pairwise comparisons (o = .05/4). As depicted in
the upper graph in Figure 4, significant differences emerged for
younger boys versus younger girls, older boys versus older girls,
younger girls versus older girls, and younger boys versus older
boys (ps < .001). On Dimension 2, only the Gender main effect
was significant, t = 3.90, p < .001. As shown in the lower graph
in Figure 4, girls had higher scores than boys.

We also examined the effects of Age and Gender on MDD. In
a logistic regression, the interaction effect of Age and Gender on
MDD was not significant. The odds ratio was 1.41, with a 95%
confidence interval (CI) of 0.90 to 2.21; however, given the strong
a priori literature support for the existence of gender differences in
adolescents but not children, we then conducted planned pairwise
comparisons of boys versus girls on MDD for younger and older
participants. Among younger participants, the odds of having
MDD for females were 1.26 times the odds for males; however,

the 95% confidence interval (CI = 0.84 — 1.88) contained 1.0, and
the likelihood ratio chi-square test of association between Gender
and MDD was not significant: X(zdle, =750y = 1.26, p < .261.
Among older participants, the odds of having MDD for females
were 1.77 times those for males, with a 95% CI of 1.44 — 2.18
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Figure 4. Group means for younger (<12) and older (=12) boys and
girls on Dimension 1 (General Depression) and Dimension 2 (Weight-gain/
increased-appetite). Note: Younger boys were regarded as the reference
group and their means were set equal to zero.
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and a significant likelihood ratio chi-square test of association:
Xeap=1. n=1557) = 29.75, p < .001. Using DSM-IV diagnostic
standards for depression, the gender difference in MDD was
significant for older but not younger participants.

Discussion

Three major results emerged from this study that, in concert
with prior investigations, suggest that increased appetite and
weight gain should not be treated as indicators of depression in
children or adolescents (although weight loss and appetite decrease
should). First, multidimensional factor analysis and IRT analysis
of 19 depression symptoms, measured by the KSADS, revealed
that weight loss and appetite decrease loaded onto a general
depression factor, but weight gain and appetite increase did not;
instead, these latter two symptoms represented a separate factor,
which related weakly to the general depression factor. Second,
excluding weight gain and increased appetite had virtually no
effect on the nature of the general depression factor, nor did it
affect the relation of the general depression factor to MDD. And
third, different patterns of age and gender differences emerged for
the general depression factor versus the specific weight gain/
increased appetite factor. We elaborate on each of these findings
and their implications below.

Our first major result was that, in children and adolescents, two
distinct dimensions (not just one) emerged from a set of 19
symptoms implicated by DSM-IV as indicators of major depres-
sion. The first dimension was characterized by 17 of these 19
symptoms, clearly identifying it as a general depression dimen-
sion. Decreases in weight and appetite contributed to this dimen-
sion; however, weight gain and increased appetite did not. Instead,
weight gain and increased appetite contributed so strongly to the
second dimension as to identify it as a specific weight-gain/
increased-appetite dimension. At first blush, one might be tempted
to interpret this second dimension as evidence that depression is
bidimensional; however, at least two findings argue against this
interpretation. One is that very few other symptoms (and none of
the core depressive symptoms, such as dysphoria and anhedonia)
contributed to the second dimension. Second, the weight-gain/
increased-appetite dimension was only weakly correlated (r = .30)
with the general depression dimension. To put this in perspective,
the latent weight-gain/increased-appetite dimension correlated far
less with a general depression dimension than did any of the other
manifest variable indicators of depression.

This finding reinforces Yorbik et al.’s (2004) similar discovery
of a separate weight/appetite dimension in depressed children and
adolescents; however, our interpretation differs from theirs. They
interpreted this factor to be a component or dimension of depres-
sion; however, given aspects of their data analytic method, this
interpretation is difficult to justify. For example, they used a factor
extraction method that yields orthogonal factors, preventing the
examination of correlations between their dimensions. A large
correlation with their “endogenous depression” factor would sup-
port their interpretation that weight/appetite is a component of
depression. A small correlation (as we found), however, motivates
the interpretation that weight/appetite is tangential to the symp-
tomatology of depression. One could also use strong cross-
loadings of core depressive symptoms of depression onto the
weight/appetite factor as evidence that the second factor is an

aspect of depression. Such cross-loadings are not reported in
Yorbik et al.’s paper, probably indicating that they were less than
some (unspecified) criterion. Without evidence that a weight/
appetite factor is related to something depressive, we find it
difficult to regard it as an aspect of depression.

Our second major finding was that the exclusion of weight gain
and increased appetite had no effect on the nature of the general
depression factor and did not affect its relation to MDD. Four
specific findings support these claims: (1) the correlation between
the general depression factor scores with and without weight gain
and appetite increase was 0.999; (2) inclusion of information about
weight gain and appetite increase contributed almost nothing to the
proper classification of participants as having MDD or not; (3)
how well a general depression factor corresponded with MDD was
essentially unaffected by the inclusion or exclusion of weight gain
and increased appetite; and (4) the correspondence of a weight-
gain/increased-appetite dimension to MDD was quite weak. Taken
together, these results suggest that little or no practical value
derives from using weight gain and increased appetite as indicators
in the diagnosis of child and adolescent depression.

In fact, we would take this one step further. In most clinical
situations, diagnosticians do not have access to physical measures
of weight gain. Instead they rely on retrospective self- or parent
reports of weight change, despite the fact that such information is
known to be inaccurate and is often affected by mood, memory
bias, and/or body dissatisfaction (Felton et al., 2010; Vartanian,
Herman & Polivy, 2004). Furthermore, most diagnosticians lack
the technical resources to take age, gender, and racial normative
weight gain into consideration when assessing the degree to which
weight gain might be due to depression. Taken together, these
difficulties can generate considerable inaccuracy in the assessment
of this symptom and consequently in the diagnosis of depression.

Third, comparing children with adolescents and comparing
males with females revealed a different pattern of mean differ-
ences for the general depression dimension versus the specific
weight-gain/increased-appetite dimension. For general depression,
the expected Age by Gender interaction emerged, showing that
depression increased with age for both boys and girls but more so
for girls. This finding reflects a classic pattern for depression (see
Angold & Costello, 2006; Kessler et al., 1993; Nolen-Hoeksema,
1990; Rutter, 1986, for reviews). For the weight-gain/increased-
appetite dimension, a very different pattern of mean differences
emerged in which girls had higher levels than boys but neither the
Age main effect nor the Age X Gender interaction was significant.
The fact that the pattern of group means was different for the two
dimensions suggests that the weight-gain/increased-appetite di-
mension is embedded in a qualitatively different nomological net
than is the general depression dimension (Cronbach & Meehl,
1955). Indeed, evidence of discriminant validity derives, in part,
out of the discovery that two dimensions relate differentially to a
common set of variables. This finding further reinforces our con-
clusion that the two dimensions represent different constructs, one
of which has little to do with depression in child and adolescent
populations.

A closer look at the Age by Gender effect on depression reveals
unexpected insights into two somewhat controversial issues raised
in previous research. One is that evidence of an Age by Gender
interaction has been stronger for categorical/diagnosis-based mea-
sures of depression than for continuous/severity-based measures:
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compare Compas et al. (1997) with Hankin et al. (1998), leading
to implications about the superiority of categorical/diagnostic op-
erationalizations of depression (Hankin et al., 1998). Interestingly,
most studies of dimensional depression rely on paper-and-pencil
inventories, whereas most studies of categorical depression rely on
clinical interview data. In the current study, our measure of both
dimensional and categorical depression derived from KSADS
clinical interviews. Our results revealed the opposite pattern: the
Age by Gender effect on our continuous general depression di-
mension was significant, whereas the interaction effect on our
categorical index of MDD diagnosis was not. Statistically, inter-
actions are notoriously difficult to detect.” Cautiously, we suggest
that detection of a significant Age by Gender effect on depression
hinges on the reliability and validity of the depression measure,
and that (a) a continuous measure of depression derived from
clinical interviews with children and parents contains more infor-
mation than (b) a dichotomous diagnosis of depression based on
the same information, which contains more information than (c) a
depression inventory administered only to children. (Similar points
derived from the TADS project; March et al., 2004, 2007.)

The second controversial issue pertains to whether a gender
difference in depression exists in preadolescent children. Most
studies have suggested that the gender difference in depression
does not exist until adolescence (see Angold & Costello, 2006;
Kessler et al., 1993; Nolen-Hoeksema, 1990; Rutter, 1986). A few
studies have suggested that it does (Kazdin, French & Unis, 1983;
Liss, Phares, Liljequist, 2001).° In the current study, we found no
evidence of a gender effect on depression in younger participants
when depression was represented by presence/absence of MDD.
Conversely, we found a significant gender difference among
younger participants (with girls > boys) when depression was
represented by our continuous general depression dimension.
Again, we speculate that the discrepancy between these findings is
attributable to the fact that more information is lost than gained
when shifting from our dimensional representation of depression
to our categorical/diagnostic representation of depression (Haslam
& Beck, 1994; Ruscio, Zimmerman, McGlinchey, Chelminski, &
Young, 2007).

Despite the strengths of the current study (a relatively large and
diverse sample, the use of KSADS interviews, a high proportion of
clinically depressed youths, and utilization of multigroup and
multidimensional factor analytic and IRT data analytic methods),
various shortcomings also exist that suggest avenues for continued
research. First, the current article focuses on data assessed by
semistructured clinical interview. For most symptoms of psycho-
pathology, clinical interviews are about as close to a gold standard
as is possible for diagnosticians; however, the symptom of weight-
change is the exception. Self-reports of weight (let alone retro-
spective self-reports of weight change) are known to be biased
(Goodman, Hinden & Khandelwal, 2000; Himes & Faricy, 2001;
Vartanian et al., 2004; Wang, Patterson & Hills, 2002). Despite
this fact, only one study has attempted to estimate the relation
between physical measures of weight change and depression
symptoms in children or adolescents (Felton et al., 2010), and it
was based on a community sample of relatively nondepressed
youths. Despite the current result and all the physiological, psy-
chological, and behavioral arguments presented in our introduc-
tion, research is still needed on the relation between actual weight
gain and major depression in children and adolescents.

Second, given the paucity of factor analytic and IRT work on the
dimensionality of clinical-interview measures of depressive symp-
toms in young people, we elected to take an exploratory, not a
confirmatory, data analytic approach. The fact that the results of
our exploratory approaches supported our hypothesis represents a
kind of confirmation; however, more work is needed. The current
results pave the way for a confirmatory factor analytic or IRT
work. That said, a word of caution is in order. For a variety of
reasons, problems with confirmatory analyses can produce results
that appear not to “confirm” exploratory results, especially when
individual items represent the units of analysis (Asparouhov &
Muthén, 2009; Floyd & Widaman, 1995; Reise, Waller & Comray,
2000; van Prooijen & Van der Kloot, 2001). Applications of
confirmatory analytic methods to these questions must avoid these
pitfalls.

Third, a factor that could complicate interpretation of our results
is the use of psychotropic medication by some study participants.
Some psychotropic medications can affect physical growth in
children and adolescents, with one of the stronger effects being the
association of amphetamines with slowed physical growth (Correll
& Carlson, 2006; Faraone, Biederman, Morley, & Spencer, 2008).
Despite the many advantages of our aggregate data set, a disad-
vantage was the diversity of approaches to collecting information
about current medications. For some of the contributing studies,
participants were excluded if they were on psychotropic medica-
tion. In other studies, psychotropic medications were allowed and
medication data were systematically gathered. In still other studies,
data on psychotropic use were simply not available. Taken to-
gether, this methodological diversity prevented us from testing or
controlling systematically for psychotropic use by some of the
study participants. Better measures of medication use would be
important in future research.

Fourth, among our participants who had clinically significant
depression, an unknown subset may well have gone on to develop
bipolar disorder (Angst, Felder, Frey, & Stassen, 1978; Angst,
Gamma, Sellaro, Lavori, & Zhang, 2003; Beesdo et al., 2009;
Fiedorowicz et al., 2011). Some research suggests that such cases
are more likely to have the “atypical” presentation: hypersomnia,
increased appetite, interpersonal sensitivity, leaden paralysis, and
so forth (Akiskal & Benazzi, 2005; Angst, Gamma, Sellaro,
Zhang, & Merikangas, 2002; Benazzi, 2005). These cases could be
responsible for the migration of increased appetite and weight gain
(atypical features) into a separate factor. Although future studies
should examine this possibility, our analyses revealed no cluster-
ing of weight gain and appetite increase with symptoms such as
hypersomnia or psychomotor retardation (data on leaden paralysis
and interpersonal sensitivity were not available), as one might
expect if atypical depression were responsible for our results.

Finally, various technical caveats are in order. First, one must
guard against the overinterpretation of our weight gain/appetite
increase dimension. We are confident that it does not represent

3 For a variety of reasons (including reduced power), interaction effects
are often difficult to detect. Increasing measurement reliability and validity
can diminish this problem (e.g., McClelland & Judd, 1993).

¢ Two studies have even suggested the opposite—that before adoles-
cence, boys are more depressed than girls (Anderson, Williams, McGee, &
Silva, 1987; Angold, Costello, & Worthman, 1998).
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depression, but as the dimension is anchored by only two symp-
toms assessed by the KSADS interview and not by any physical
measures, we caution against more elaborate interpretations. Sec-
ond, in exploratory analyses such as ours results can vary depend-
ing upon the choice of method. Third, as no practical guidelines
yet exist for the interpretation of DIF effect sizes in multidimen-
sional IRT, we used cutoff values recommended for DFIT proce-
dures. Fourth, we examined results from both a unidimensional
and a bidimensional graded response model even though the
unidimensional model did not fit the data well. In circumstances
like ours, however, where one dimension is dominant and other
dimensions are minor, unidimensional parameter estimates and
latent variable scores are little affected by the other dimensions
(Ansley & Forsyth, 1985; Drasgow & Parsons, 1983; Reckase,
1979; Way, Ansley, & Forsyth, 1988).

Conclusion

In conclusion, results of the current study (with support from
prior investigations) suggest that increased appetite and weight
gain should not be treated as indicators of depression in children
and adolescents. We speculate that during developmental periods
of rapid physical growth and psychological change, weight gain
and increased appetite are under so many other physiological and
psychological controls as to reduce greatly the sensitivity of these
variables as indicators of depression. Importantly, this conclusion
does not extend to the opposites of these symptoms, weight loss
and decreased appetite, which do seem to be valid indicators of
depression during these developmental periods. As such, these
results carry major implications for the revision of the DSM.
Whether or not weight gain and increased appetite are valid
indicators of depression in adults (and some studies suggest they
are not: e.g., Zimmerman, McGlinchey, Young, & Chelminski,
2006), our results indicate that they are not valid indicators for
children and adolescents. Empirical support for DSM diagnostic
criteria will be improved if these findings are taken into account.
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