Received: 22 August 2022

Accepted: 16 October 2022

DOI: 10.1002/jmv.28236

RESEARCH ARTICLE

MEDICAL ViIRoLOGY WILEY

Factor structure of the 10-item CES-D Scale among patients
with persistent COVID-19

Robinson Ramirez-Vélez'%3
Mikel Izquierdo?

INavarrabiomed, Hospital Universitario de
Navarra (HUN), Universidad Publica de
Navarra (UPNA), Pamplona, Spain

2CIBER of Frailty and Healthy Aging
(CIBERFES), Instituto de Salud Carlos I,
Madrid, Spain

SInstituto de Investigacién Sanitaria de
Navarra (IdiSNA), Pamplona, Spain

“Departamento de Ciencias de la Salud,
Universidad Publica de Navarra (UPNA),
Pamplona, Spain

Correspondence

Robinson Ramirez-Vélez, Navarrabiomed,
Hospital Universitario de Navarra (HUN),
Instituto de Investigacién Sanitaria de Navarra
(IdiSNA), Universidad Publica de Navarra
(UPNA), Pamplona, Spain.

Email: robin640@hotmail.com and
robinson.ramirez@unavarra.es

Funding information

Programas Estatales de Generacion de
Conocimiento y Fortalecimiento Cientifico y
Tecnoldgico del Sistema de |+D+i Orientada a
los Retos de la Sociedad, en el marco del Plan
Estatal de Investigacion Cientifica y Técnica y
de Innovacién 2017-2020 (ID)

| Laiene Olabarrieta-Landa®* ® | Diego Rivera®*

Abstract

The presence of persistent coronavirus disease 2019 (COVID-19) might be
associated with significant levels of psychological distress that would meet the
threshold for clinical relevance. The Center for Epidemiologic Studies Depression
Scale (CES-D) version 10 has been widely used in assessing psychological distress
among general and clinical populations from different cultural backgrounds. To our
knowledge, however, researchers have not yet validated these findings among
patients with persistent COVID-19. A cross-sectional validation study was
conducted with 100 patients from the EXER-COVID project (69.8% women;
mean (tstandard deviation) ages: 47.4 £ 9.5 years). Confirmatory factor analyses
(CFAs) were performed on the 10-item CES-D to test four model fits: (a)
unidimensional model, (b) two-factor correlated model, (c) three-factor correlated
and (d)
squares estimator was used, as it is commonly applied to latent variable models

model, second-order factor model. The diagonal-weighted least-
with ordered categorical variables. The reliability indices of the 10-item CES-D in
patients with persistent COVID-19 were as follows: depressive affect factor
(corg = 0.82; wy-cat = 0.78), somatic retardation factor (@orq = 0.78; Wy-cat = 0.56),
and positive affect factor (torq = 0.56; wWy-cat = 0.55). The second-order model fit
showed good Omega reliability (wn, = 0.87). Regarding CFAs, the unidimensional-
factor model shows poor goodness of fit, especially residuals analysis (root mean
square error [RMSEA] =0.081 [95%
Cl =0.040-0.119]; standardized root mean square residual [SRMR]=0.101). The

two-factor correlated model, three-factor correlated model, and second-order factor

of approximation confidence interval,

model showed adequate goodness of fit, and the )(2 difference test (AX?) did not
show significant differences between the goodness of fit for these models
(AX? = 4.1128; p=0.127). Several indices showed a good fit with the three-factor
correlated model: goodness-of-fit index=0.974, comparative fit index=0.990,
relative noncentrality index = 0.990, and incremental fit index = 0.990, which were
all above 0.95, the traditional cut-off establishing adequate fit. On the other hand,
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1 | INTRODUCTION

Depression is the most common mental disorder in the world. It
presents high chronicity and high comorbidity with other mental and
physical disorders and is a leading cause of disability worldwide.® In
this line, numerous scales were used to study depression during the
coronavirus disease 2019 (COVID-19) pandemic in the general
population (e.g., Self-rating Depression Scale (SDS),? Hospital Anxiety
and Depression Scale,® Depression, Hamilton Anxiety Scale,* Anxiety
and Stress Scale-21 items,>® Patient Health Questionnaire-9,”
Goldberg Depression and Anxiety 7-ltem Scale,® Zung's SDS,” and
the Center for Epidemiological Studies Depression Scale (CES-D) 20
items®). Additionally, the scientific community has been working
eagerly to validate different psychological assessment tools specified
for COVID-19-related distress. Among the recently developed
instruments were: the fear of COVID-19 Scale,’® the COVID-19
Phobia Scale (C19P-SE),*! the COVID Stress Scales,'? and CES-D.!®

Among the various tools, CES-D 20 items appear to be an
acceptable tool for assessing and screening individuals with depres-
sive symptoms in the general population.'® The CES-D 20 items were
developed by Radloff.!* It is a tool widely used in population research
to assess four dimensions of mood and includes positive mood,
physical symptoms, depressed mood, and interpersonal relationships.
The CES-D 20 items have also been widely used as a measure of
depression in both the general and clinical adult populations.® Its

16,17

broad use may be due to its free availability and multiple cross-

cultural adaptations to several countries/languages, such as Spanish-
speaking countries,*®'® Greece,!? Portugal,20 and China,?* among
others.

The CES-D has a modified form of 10 items (CES-D 10),
considerably reducing the time it takes to administer. It was originally
validated in the healthy adult population in the United States,?? and
later in several populations, such as African youth,'®> human
immunodeficiency virus-positive people,?® adolescents?* Canadians,
and American individuals with multiple sclerosis,?> among others. The

majority of these studies suggest a two-factor structure, with

RMSEA = 0.049 (95% Cl = 0.000-0.095), where an RMSEA < 0.06-0.08 indicates an
adequate fit. Item loadings on the factors were statistically significant (A; > 0.449;
p's < 0.001), indicating that the items loaded correctly on the corresponding factors
and the relationship between factors (¢ = 0.382; p's < 0.001. To our knowledge, this
is the first study to provide validity and reliability to 10-item CES-D in a persistent
COVID-19 Spanish patient sample. The validation and reliability of this short
screening tool allow us to increase the chance of obtaining complete data in a
particular patient profile with increased fatigue and brain fog that limit patients’

capacity to complete questionnaires.

COVID-19, depression, mental illness, statistical factor analyses

depressed and positive affect,1523242% although others have one-
factor?® and three-factor?” structures.

The CES-D 10 Scale has been used during the COVID-19
pandemic to assess depression prevalence among the general
population, with and without severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection.?®2?° Disasters and public
health crises have a negative impact on people's mental health.
Feelings such as uncertainty, stress, hopelessness, and worry are
common reactions to stressors arising during the COVID-19
pandemic prompted by massive lockdowns, economic crisis, hospi-
talizations, and death rates.>°=32 Thus, there has been an increase in

) 333% and mental

mental health disorders (e.g., depression, anxiety
health awareness among health professionals and the general
population. Depressive symptoms after COVID-19 infection are
common in the period following discharge and even among people
who are not hospitalized. Reviews by Mazza et al.%> reported high
rates of clinically significant depression, with rates that varied from
21% to 45%. Individuals who develop post-COVID-19 syndrome
(long-lasting symptoms after SARS-CoV-2 infection that persist for
more than 12 weeks.>®%” Furthermore, it has been reported that
after the 12-month follow-up period, while neurological, respiratory,
and gastrointestinal symptoms significantly improved from discharge,
psychiatric disorder symptoms (i.e., anxiety, depression) increased.3®

High rates of neuropsychiatric symptoms (e.g., fatigue, depres-
sion) have been reported among individuals affected by COVID-
19.36738 According to Mazza et al.,>® some studies have reported
depressive symptomatology after COVID-19 infection to be signifi-
cantly associated with a range of negative outcomes, such as poor
neurocognitive performance, persistent fatigue, pain and dyspnea, or
even reduced quality of life. Taken together, depressive symptoms
and clinically-significant depression in post-COVID-19 syndrome may
have severe implications as it relates to the quality of life outcomes.®

Brief depressive screening scales, such as CES-D 10, may be an
important tool in the COVID-19 infection context. Its administration
becomes easier and faster, reducing interviewee fatigue (an impor-

tant sequelae after infection, as well as brain fog,*® increasing the
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chance of completing the scale.2* Therefore, CES-D 10 is suitable for
primary care settings, where time is limited. Despite its relevance, this
screening tool needs to be validated in individuals with post-COVID-
19 syndrome to ensure its capacity for detecting depressive
symptoms (especially among individuals who meet the clinical
threshold). The availability of a free, brief, and validated tool, such
as CES-D 10 for post-COVID-19 syndrome, may allow clinicians to
improve depression detection and follow-up during illness. Thus, the
main objective of this study was to determine CES-D 10 validity and
reliability in a sample of individuals with persistent COVID-19 from
Navarre, Spain replicating previously reported model fits.

2 | METHODS

2.1 | Participants and recruiting procedure

Data were collected within the EXER-COVID project, a randomized
controlled trial intended to investigate the effects of an exercise
program on the clinical status of patients with postdischarge
symptoms after hospitalization for COVID-19 (ClinicalTrials.gov
Identifier: NCT04797871).** One hundred and five participants
fulfilled the following inclusion criteria: over 18 years of age, a
SARS-CoV-2 diagnosis using real-time reverse transcriptase polymer-
ase chain reaction (PCR) tests or a positive result for SARS-CoV-2
virus antigen >90 days before randomization, a chronic symptomatic
phase lasting >90 days since the onset of symptoms, no hospitaliza-
tions, no clinical evidence of pneumonia or organ failure related to
SARS-CoV-2, and capability and willingness to provide informed
consent. Patients previously treated for persistent COVID-19
symptoms (i.e., physical therapy or rehabilitation), who were pregnant
or breastfeeding, or who had cardiovascular or endocrine comorbid-
ities (i.e., atrial fibrillation, acute myocarditis, acute heart attack or
unstable angina, aortic stenosis, acute endocarditis/pericarditis,
uncontrolled high blood pressure, acute thromboembolism, severe
heart failure, respiratory failure, and uncontrolled acute decompen-
sated diabetes mellitus or low blood sugar), or neurological or
musculoskeletal comorbidities were excluded. For the present study,
we focused on individuals who had completed the CES-D 10 Scale,
yielding a final sample of 96 participants.

Data were collected (March 2021 to February 2022) from 105
patients older than 18 years from Navarra, Spain, who were invited to
attend the Hospital Universitario de Navarra (HUN) and the
Biomedical Research Center of Navarra (Navarrabiomed). All patients
were screened for inclusion by a physician to ensure that they had
been diagnosed with COVID-19 and had no psychiatric or somatic
condition that could explain the persistent COVID-19 symptoms. For
all identified participants, we revised psychiatric disorder patients
with revised psychiatric diagnostic codes from their electronic health
records using billing/encounter diagnoses, external claim diagnoses,
and inpatient hospital problems before their testing encounter such
as (1) schizophrenia spectrum disorders, (2) mood disorders, and (3)

anxiety disorders. This study was conducted according to the
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Declaration of Helsinki and was approved by the Ethics Committee
on Human Research (CEIH, Procotol No. PI_2020/140) of the HUN
(Pamplona, Spain). All the patients were asked for their consent and
were informed about Spain's data protection law. This study followed
the Strengthening the Reporting of Observational Studies in
Epidemiology reporting guideline for cohort studies.

2.2 | Measure

2.2.1 | Depressive symptoms

Participants were evaluated via the brief Spanish version of the CES-
D, a 10-item self-report in the past week. The CES-D 10 short form
has shown high reliability and internal consistency,'” as well as
validity for the identification of depressive symptoms,42 including
those of individuals with Hispanic/Latino ethnicity.2®*® The brief
CES-D 10 Scale consists of three factors: depressed affect (blues,
depressed, fear, lonely), somatic retardation (difficulty going to bed
and falling asleep, lethargy, lack of focus), and positive affect (happy,
hopeful). The time frame for assessing depressive symptoms was
7 days before the interview. The response format is O =not at all;
1 = sometimes; 2 = occasionally; and 3 = always. The CES-D 10 score
was calculated by summing the scores across all 10 items after
reverse-coding items for “felt happy (sintié feliz)” and “enjoyed life
(disfruté de la vida)”. Possible scores ranged from O to 30, with higher

scores reflecting more severe depressive symptoms.

2.3 | Data analysis

Mean (M), median (Mdn), standard deviation (SD), skewness (SK;
values |>3.0| indicative of severely skewed distribution), and kurtosis
(K; values |>10.0| indicative of significant deviation from a normal
distribution) were calculated for each item.** The proportion of

| »u »
)

participants who reported “not at all,” “sometimes,” “occasionally,” and
“always” was obtained for each item.

Confirmatory factor analyses (CFAs) were performed on the
10-item CES-D to test four model fits: (a) unidimensional model,?* (b)
two-factor correlated model,?” (c) three-factor correlated model,?”
and (d) second-order factor model.?” The diagonal-weighted least-
squares (DWLS) estimator was used, as it is commonly applied to
latent variable models with ordered categorical variables.*> CFA is a
multivariate statistical modeling technique used for latent variable
measurement specification based on structural equation modeling
(SEM). A CFA model is built based on previous theory and analysis,
which specifies the number of factor loadings fixed at zero to reflect
a hypothesis that only certain factors influence certain items. The use
of CFA measurement models in SEM has the advantage of
formalizing the measurement hypotheses and developing measure-
ment instruments that have a simple or complex measurement
structure.?” In other words, the goals of CFA are to test an a priori

specified model based on the observed variance-covariance matrix
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of empirical data (S) and to know if the model fits the data (or not) to
the “model-implied” variance-covariance matrix (¥), where if £ is
close to S, the model fits well.

Diverse indices were analyzed in CFA analysis: (a) goodness-of-
fit index (GFIl); (b) adjusted goodness-of-fit index (AGFI); (c)
comparative fit index (CFIl); (d) Tucker-Lewis index (TLI); (e) root
mean square error of approximation (RMSEA); (f) standardized root
mean square residual (SRMR); (g) Bentler relative noncentrality index
(RNI); (h) Bentler-Bonett nonnormalized fit index (NFI); and (i)
normalized fit index (NFI). The x? difference test (AX2) was used to
show significant differences between the goodness-of-fit models.
Cronbach's and ordinal coefficient @ and Omega w,-c,t Were used to
assess internal consistency reliability.*® Analyses were performed
using R program 4.0.5. The lavaan package®” and semTool package*®

were used to conduct CFA and reliability analyses, respectively.

3 | RESULTS

The majority of participants were female (69.8%), with a mean age of
47.4 years (SD = 9.5; Mdn = 48.9; range: 21-63), and the majority of
participants had completed vocational training or university, 29% and
30%, respectively. Sixty-six percent were in a relationship or married,
and 46.9% were full-time employees.

Descriptive analysis of individual items showed arithmetic means
across participants ranging from 0.8 (Items 3 “Depressed” and
9 “Lonely”) to 1.8 (Item 4 “Effort”) with asymmetry (SK) of -0.30
(Item 4 “Effort”) to 0.13 (Item 9 “Lonely”). Analysis of the proportions
of each response category showed that the items with the highest
proportion in the category “Not at all” were Item 9 “Lonely” (56.3%),
in the category “Sometimes,” Item 8 “Happy” (40.0%), in category
“Occasionally,” Item 5 “Hopeful” (40.6%), and in category “Always,”
Item 10 “Get Going” (32.3%). See more details in Table 1.

Regarding CFAs, the unidimensional-factor model shows poor
goodness of fit, especially in residual analysis (RMSEA =0.081 [95%

confidence interval, Cl = 0.040-0.119]; SRMR = 0.101). The two-factor
correlated model, three-factor correlated model, and second-order
factor model showed an adequate goodness of fit (Table 2), and the x?
difference test (AX2) did not show significant differences between the
goodness of fit for these models (AX2 =4.1128; p=0.127). The
goodness-of-fit tests provided initial evidence that overall, the three-
factor correlate and second-order factor model solutions have
adequate goodness of fit.*° Several indices showed a good fit with
the three-factor correlated model: GFI=0.974, CFl=0.990, RNI=
0.990, and IFI=0.990, which were all above 0.95, the traditional

TABLE 2 Comparative goodness model fits

Model fit

Unidimensional- Two- Three- Second-
Index factor factor factor order
X2 57.078 43.362 39.250 39.250
X2/df 1.631 1.275 1.227 1.227
CFI 0.970 0.987 0.990 0.990
GFI 0.962 0.971 0.974 0.974
AGFI 0.919 0.937 0.939 0.939
NFI 0.926 0.944 0.949 0.949
NNFI 0.961 0.983 0.986 0.986
RNI 0.970 0.987 0.990 0.990
IFI 0.970 0.987 0.990 0.990
RMSEA 0.081 0.054 0.049 0.049
SRMR 0.101 0.092 0.088 0.088

Abbreviations: AGFI, adjusted goodness-of-fit index; CFl, comparative fit
index; GFl, goodness-of-fit index; IFl, incremental fit index; NFI,
normalized fit index; NNFI, Bentler-Bonett nonnormalized fit index;
RMSEA, root mean square error of approximation; RNI, Bentler relative
noncentrality index; SRMR, standardized root mean square residual;

TLI, Tucker-Lewis index.

TABLE 1 Descriptive statistics of normality and proportion for each level of response by item
Descriptive information Proportion for each level of response
Item Mean SD Median Skew Kurtosis Not at all Sometimes Occasionally Always
1 “Bothered” 1.0 11 1.0 0.67 -0.92 0.46 0.24 0.18 0.13
2 “Trouble concentrating” 1.5 1.1 2.0 -0.02 -1.26 0.023 0.26 0.30 0.21
3 “Depressed” 0.8 0.9 0.5 1.00 -0.03 0.50 0.30 0.13 0.07
4 “Effort” 1.8 1.1 2.0 -0.30 -1.21 0.16 0.24 0.28 0.32
5 “Hopeful” 1.5 0.9 15 0.00 -0.92 0.16 0.34 0.34 0.16
6 “Fearful” 1.2 1.0 1.0 0.14 -1.22 0.32 0.25 0.34 0.08
7 “Restless sleep” 14 1.0 1.0 0.16 -1.09 0.22 0.34 0.27 0.17
8 “Happy” 14 0.8 1.0 -0.07 -0.56 0.13 0.40 0.41 0.07
9 “Lonely” 0.8 1.0 0.0 1.03 -0.28 0.56 0.21 0.14 0.09
10 “Get going” 1.0 11 0.0 0.57 -1.24 0.51 0.13 0.24 0.13
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TABLE 3 Parameter estimates to CFA and reliability indexes of the CES-D 10 items
Estimated parameter Reliability
Factor OP Item A Cl lower Cl upper SE p Value «a Aord Wy-cat
Depressive affect (DA) =~ 1 “Bothered” 0.527 0.412 0.642 0.059  <0.001 0.77 082 0.78
=~ 2 “Trouble concentrating” 0.860  0.755 0.964 0.053  <0.001
=~ 3 “Depressed” 0.807 0.702 0.913 0.054  <0.001
=~ 4 “Effort” 0.811 0.704 0.918 0.055  <0.001
Somatic retardation (SR) =~ 6 “Fearful” 0449 0.317 0.582 0.068 <0.001 0.53 0.59 0.56
=~ 7 “Restless sleep” 0.662 0516 0.808 0.075 <0.001
=~ 9 “Lonely” 0.527  0.390 0.663 0.070  <0.001
=~ 10 “Get going” 0.509 0.377 0.642 0.068  <0.001
Positive affect (PA) =~ 5 “Hopeful” 0.574 0.424 0.725 0.077  <0.001 0.54 061 0.55
=~ 8 “Happy” 0.768  0.567 0.968 0.102  <0.001
Depressive affect ~~ Somatic retardation 0.866 0.685 1.047 0.092 <0.001 — — 0.87 (w..)
Depressive affect ~~ Positive affect 0.617 0.445 0.789 0.088 <0.001
Somatic retardation e Positive affect 0.382 0.167 0.598 0.110 0.001

Abbreviations: a, Cronbach's a value; wy,, omega-ho from a higher-order model for the Psychological CESD-10 Scale; a4, ordinal a value; wy,-cat, 0mega
categorical value; CES-D, Center for Epidemiologic Studies Depression Scale; CFA, confirmatory factor analyze; Cl, confidence interval; OP, operators that

are allowed in the lavaan model syntax; SE, standard error.

cut-off establishing adequate fit. On the other hand, RMSEA = 0.049
(95% CI=0.000-0.095), where an RMSEA < 0.06-0.08 indicates an
adequate fit* Item loadings on the factors were statistically
significant (A; 2 0.449; p <0.001), indicating that the items loaded
correctly on the corresponding factors and the relationship between
factors (¢ = 0.382; p <0.001; Table 3 and Figure 1A). The second-
order model fit showed equal estimation values to the three-factor
correlated model fit (Figure 1B).

Finally, the reliability indices were as follows: depressive affect
(@ord = 0.82;  wy-cat = 0.78),
(atorg = 0.59; wy-cat = 0.56), and positive affect factor (agq = 0.61;

factor somatic retardation factor
Wy-cat = 0.55). The second-order model fit showed good Omega

reliability (wpo = 0.87).

4 | DISCUSSION

The main objective of this study was to determine CES-D 10 validity
and reliability in a sample of individuals with persistent COVID-19
from Navarre, Spain. The results showed that both the three-factor
correlated model and its second-order factor model had an adequate
goodness of fit, with no significant differences between the goodness
of fit for these models. Our results support the notion of a common
latent variable, depression, and thus, the interpretation of total score
and subscale scores on CES-D 10.

The majority of previous studies have shown that the two-factor
model is the most adequate fit for CES-D 10,'>2324 although other
model fits have been reported, such as the one-factor model.?> Other
researchers have identified three latent factors, suggesting that the

differences between those studies and the ones that identified three
factors were in the type of factors; for example, a two-factor
structure of the CES-D, reported in a sample of the Iranian population
(n=600), including positive affect and interpersonal problems,
somatic symptoms.*>*° Similar to Cheng et al.,?” in this study,
although depressive affect, somatic retardation, and positive affect
factors were loaded on the latent variable of depression, the
contribution of the positive affect factor was lower compared to
the other two. We agree with Cheng et al.?” suggestion of keeping
the positive factor items to avoid symptomatic perspective direction
through all CED-S 10 items.

Regarding reliability, the CES-D 10 total items (high-order
model), depressive affect, and somatic retardation factors showed
adequate reliability, while the positive affect factor presented low

.,>* who also

reliability. These findings are similar to Bradley et a
found low reliability for positive affect. This may be because only two
items load within the factor, reducing its reliability. Bradley et al.?*
suggested that “Happy” and “Hopefulness” feelings that composed
the positive affect factor may be considered conceptually different
and even that “Hopefulness” might not be grouped with “Happy” due
to its low factor loading in their study (A = 0.274). However, in this
study, although the “Hopefulness” factor loading was lower than
“Happy”, it was still acceptable (A = 0.574).

Looking at the proportion of response for each level, 60% of
participants responded “Occasionally” to “Always” for Iltem 4 “| felt
that everything | did was an effort,” while 64%-80% responded “Not
at all” to “Sometimes” in Items 1 “I was bothered by things that
usually do not bother me,” Item 3 “I felt depressed,” Item 9 “| felt
lonely,” and Item 10 “l could not “Get going.” Effort can be
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Effort
.........
Restless 0
Sleep .

Get
Going
Hopeful =~ [®---oeeemmeeeee 057
0.77
Happy

understood as a physical or mental struggle and can be related to
fatigue, a symptom associated with COVID-19.%° This item may
overestimate CES-S 10 scores in this population since depressive
symptomatology after COVID-19 infection has been significantly
associated with persistent fatigue.*° In this sample, feeling bothered,
depressed, alone, or unmotivated was rarely reported in the CES-D
10. This may be because these patients had not been hospitalized, so
they could be supported by their families, reducing the chance of
these symptoms. The prohibition of visiting affected relatives during
hospitalizations might enhance patients' feelings of isolation and
loneliness, and these may induce depressive symptoms.3>
Interestingly, Item 4, “I| felt that everything | did was an effort,” is
the second item with the greatest item loading (A=0.811) in the

FIGURE 1 Graphical representation of the
item loadings in each factor in the CFA model.
Panel (A) shows a model where symptoms are
explained by a three-factor correlated: depressive
affect (DA), somatic retardation (SM), and positive
affect (PA). Panel (B) shows a second-order model
where a latent variable named depression (Dprs)
is composed of three no-correlated factors (DA,
SM, and PA).

depressive affect factor, followed by Item 2, “I had trouble keeping
my mind on what | was doing.” It could be that for patients with the
post-COVID-19 syndrome who have not been hospitalized, fatigue,

and brain fog problems (common symptoms in this syndrome)3®

are
strongly linked to depressive symptomatology rather than to other
symptoms.

This study has some limitations that should be considered. First,
the sample comes from the EXER-COVID project, which may lead to
the participation of people with a high interest in exercise, and
therefore, with a particular post-COVID-19 syndrome profile.
Second, even though we found good reliability and validity indicators
consistent with the literature, the sample size was small. A larger

sample size may allow exploration and confirmation of factors not
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based on previous studies. Third, the data were collected in the
context of a larger protocol that was not designed to validate CES-D
10. Therefore, related psychological/psychiatric measures were not
collected, which would have helped to further validate the CES-D 10.
Moreover, we could not confirm self-reported depressive symptom
severity detected by CES-D 10 with confirmation by a clinician or a
structured clinical interview. Fourth, it is a study from a single clinical
site and includes patients with a diverse range of experiences of
acute COVID-19 infection. Fifth, the CES-D 10 questionnaire is self-
report and thus the extent to which it is applicable in patients with
severe fatigue or who have impairments affecting communication
remains to be determined. Finally, to be part of the study, subjects
could not be hospitalized. This may limit the generalization of the
results to people who have been hospitalized due to COVID-19 since
studies have shown that anxiety and depression levels were lower
when family members were with patients during treatment.>®

In future validations, as cases accumulate, the researcher will
seek outpatients whose circumstances and perspectives provide a
contrast to those already included to achieve maximum variety in
clinical, social, ethnic, and personal circumstances and health/digital
literacy. The CES-D 10 may patients and health care staff to monitor
these aspects over the course of the condition, potentially capture
post-COVID-19 syndrome fluctuations and assess the impact of

rehabilitation interventions for the condition.

5 | CONCLUSION

To our knowledge, this is the first study to provide validity and
reliability to CES-D 10 in a persistent COVID-19 Spanish patient
sample. The results support its use in both research and clinical
settings to screen for depressive symptoms among these patients.
The validation and reliability of this short screening tool allow us to
increase the chance of obtaining complete data in a particular patient
profile with increased fatigue and brain fog that limits the
patient's capacity to complete questionnaires.

AUTHOR CONTRIBUTIONS

Robinson Ramirez-Velez is the project lead and conceptualized the
study. Robinson Ramirez-Velez and Mikel Izquierdo obtained
institutional approvals. Robinson Ramirez-Velez and Mikel Izquierdo
developed the data collection tool and gathered data. Laiene
Olabarrieta-Landa and Diego Rivera undertook the main analysis.
All authors contributed to the working group involved in the
validation of CES-10 items. Robinson Ramirez-Velez, Laiene
Olabarrieta-Landa, and Diego Rivera wrote the first draft of the
manuscript, and all authors revised the manuscript. All authors read
and approved the final manuscript.

ACKNOWLEDGMENTS
The EXER-COVID study was supported by “Proyectos de |+D+i" de
los Programas Estatales de Generacién de Conocimiento y For-

talecimiento Cientifico y Tecnolégico del Sistema de I+D+i Orientada

MEDICAL VIROLOGY

a los Retos de la Sociedad, en el marco del Plan Estatal de
Investigacion Cientifica y Técnica y de Innovacién 2017-2020
(PID2020-113098RB-100). Open access funding provided by Uni-
versidad Publica de Navarra. They do not have influence or authority
in the collection, management, analysis, and interpretation of data;
writing of the report; and the decision to submit the report for

publication.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
The data sets generated during and/or analyzed during the current
study are available from the corresponding author upon reasonable

request.

ETHICS STATEMENT

Approval was obtained from the Ethics Committee on Human
Research (CEIH, Procotol No. P1_2020/140) of the HUN (Pamplona,
Spain). All participants consented for their data to be used for

evaluation and research purposes.

ORCID

Robinson Ramirez-Vélez "= http://orcid.org/0000-0003-3075-6960
http://orcid.org/0000-0002-8305-8720

http://orcid.org/0000-0001-7477-1893

http://orcid.org/0000-0002-1506-4272

Laiene Olabarrieta-Landa
Diego Rivera

Mikel Izquierdo

REFERENCES

1. World Health Organization. Depression and Other Common Mental
Disorders: Global Health Estimates. World Health Organization; 2017.
https://apps.who.int/iris/handle/10665/254610

2. Lei L, Huang X, Zhang S, Yang J, Yang L, Xu M. Comparison of
prevalence and associated factors of anxiety and depression among
people affected by versus people unaffected by quarantine during the
COVID-19 epidemic in southwestern China. Med Sci Monit Int Med
J Exp Clin Res. 2020;26:€924609-1. doi:10.12659/MSM.924609

3. Ozdin S, Bayrak Ozdin S. Levels and predictors of anxiety,
depression and health anxiety during COVID-19 pandemic in
Turkish society: the importance of gender. Int J Soc Psychiatry.
2020;66:504-511. doi:10.1177/0020764020927051

4. Garcia-Fernandez L, Romero-Ferreiro V, Padilla S, David Loépez-
Roldan P, Monzé-Garcia M, Rodriguez-Jimenez R. Gender differ-
ences in emotional response to the COVID-19 outbreak in Spain.
Brain Behav. 2021;11(1):e01934. doi:10.1002/brb3.1934

5. Stanton R, To QG, Khalesi S, et al. Depression, anxiety and stress
during COVID-19: associations with changes in physical activity,
sleep, tobacco and alcohol use in Australian adults. Int J Environ Res
Public Health. 2020;17:4065. doi:10.3390/ijerph17114065

6. Wang C, Tee M, Roy AE, et al. The impact of COVID-19 pandemic
on physical and mental health of Asians: a study of seven middle-
income countries in Asia. PLoS One. 2021;16(2):e0246824. doi:10.
1371/journal.pone.0246824

7. Choi EPH, Hui BPH, Wan EYF. Depression and anxiety in Hong
Kong during COVID-19. Int J Environ Res Public Health.
2020;17:3740. doi:10.3390/ijerph17103740

8. Tang F, Liang J, Zhang H, Kelifa MM, He Q, Wang P. COVID-19
related depression and anxiety among quarantined respondents.


http://orcid.org/0000-0003-3075-6960
http://orcid.org/0000-0002-8305-8720
http://orcid.org/0000-0001-7477-1893
http://orcid.org/0000-0002-1506-4272
https://apps.who.int/iris/handle/10665/254610
https://doi.org/10.12659/MSM.924609
https://doi.org/10.1177/0020764020927051
https://doi.org/10.1002/brb3.1934
https://doi.org/10.3390/ijerph17114065
https://doi.org/10.1371/journal.pone.0246824
https://doi.org/10.1371/journal.pone.0246824
https://doi.org/10.3390/ijerph17103740

8of 9
897 | WiLEY-

10.
11.
12.
13.
14.
15.
16.
17.

18.

19.

20.
21.
22.
23.
24,
25.

26.

RAMIREZ-VELEZ €T AL.

MEDICAL VIROLOGY

Psychol Health. 2020;36:164-178. doi:10.1080/08870446.2020.
1782410

Peng M, Mo B, Liu Y, et al. Prevalence, risk factors and clinical
correlates of depression in quarantined population during the
COVID-19 outbreak. J Affect Disord. 2020;275:119-124. doi:10.
1016/j.jad.2020.06.035

Martinez-Lorca M, Martinez-Lorca A, Criado-Alvarez  JJ,
Armesilla MDC, Latorre JM. The fear of COVID-19 scale: validation
in Spanish university students. Psychiatry Res. 2020;293:113350.
doi:10.1016/j.psychres.2020.113350

Arpaci |, Karatas K, Baloglu M, Haktanir A. COVID-19 phobia in the
United States: validation of the COVID-19 Phobia Scale (C19P-SE).
Death Stud. 2022;46(3):553-559. doi:10.1080/07481187.2020.
1848945

Taylor S, Landry CA, Paluszek MM, Fergus TA, McKay D,
Asmundson GJG. Development and initial validation of the COVID
Stress Scales. J Anxiety Disord. 2020;72:102232. doi:10.1016/j.
janxdis.2020.102232

Sharif Nia H, Rahmatpour P, Sivarajan Froelicher E, et al. Psycho-
metric properties of the Persian version of the Center for
Epidemiological Studies Depression Scale among the Iranian public
people during COVID-19 pandemic. Front Public Health.
2021;9:728904. doi:10.3389/fpubh.2021.728904

Radloff LS. The CES-D scale: a self-report depression scale for
research in the general population. Appl Psychol Meas. 1977;1:
385-401. doi:10.1177/014662167700100306

Kilburn K, Prencipe L, Hjelm L, Peterman A, Handa S, Palermo T.
Examination of performance of the Center for Epidemiologic Studies
Depression Scale Short Form 10 among African youth in poor, rural
households. BMC Psychiatry. 2018;18(1):201.

Ruiz-Grosso P, Loret de Mola C, Vega-Dienstmaier JM, et al.
Validation of the Spanish Center for Epidemiological Studies
Depression and Zung Self-Rating Depression Scales: a comparative
validation study. PLoS One. 2012;7(10).e45413.

Carleton RN, Thibodeau MA, Teale MJ, et al. The Center for
Epidemiologic Studies Depression Scale: a review with a theoretical
and empirical examination of item content and factor structure. PLoS
One. 2013;8(3):e58067.

Vazquez FL, Blanco V, Lépez M. An adaptation of the Center for
Epidemiologic Studies Depression Scale for use in non-psychiatric
Spanish populations. Psychiatry Res. 2007;149(1):247-252.
Fountoulakis K, lacovides A, Kleanthous S, et al. Reliability, validity
and psychometric properties of the Greek translation of the Center
for Epidemiological Studies-Depression (CES-D) Scale. BMC
Psychiatry. 2001;1(1):3.

Gongalves B, Fagulha T. The Portuguese version of the Center for
Epidemiologic Studies Depression Scale (CES-D). Eur J Psychol
Assess. 2004;20(4):339-348.

Cheung CK, Bagley C. Validating an American Scale in Hong Kong:
the Center for Epidemiological Studies Depression Scale (CES-D).
J Psychol. 1998;132(2):169-186.

Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for
depression in well older adults: evaluation of a short form of the
CES-D. Am J Prev Med. 1994;10(2):77-84.

Zhang W, O'Brien N, Forrest JI, et al. Validating a Shortened
Depression Scale (10 Item CES-D) among HIV-positive people in
British Columbia, Canada. PLoS One. 2012;7(7):e40793.

Bradley KL, Bagnell AL, Brannen CL. Factorial validity of the Center
for Epidemiological Studies Depression 10 in Adolescents. Issues
Ment Health Nurs. 2010;31(6):408-412.

Amtmann D, Kim J, Chung H, et al. Comparing CESD-10, PHQ-9,
and PROMIS depression instruments in individuals with multiple
sclerosis. Rehabil Psychol. 2014;59(2):220-229.

Baron EC, Davies T, Lund C. Validation of the 10-item Centre for
Epidemiological Studies Depression Scale (CES-D-10) in Zulu, Xhosa

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

and Afrikaans populations in South Africa. BMC Psychiatry.
2017;17(1):6.

Cheng ST, Chan ACM, Fung HH. Factorial structure of a short
version of the Center for Epidemiologic Studies Depression Scale.
Int J Geriatr Psychiatry. 2006;4:333-336.

Wang PR, Oyem PC, Viguera AC. Prevalence of psychiatric
morbidity following discharge after COVID-19 hospitalization. Gen
Hosp Psychiatry. 2021;69:131-132.

Faisal RA, Jobe MC, Ahmed O, Sharker T. Mental health status,
anxiety, and depression levels of Bangladeshi University Students
During the COVID-19 pandemic. Int J Ment Health Addict.
2022;20(3):1500-1515.

Shanahan L, Steinhoff A, Bechtiger L, et al. Emotional distress in
young adults during the COVID-19 pandemic: evidence of risk and
resilience from a longitudinal cohort study. Psychol Med. 2022;52(5):
824-833.

Thorndike AN, Fung V, McCurley JL, Clark CR, Howard S, Levy DE.
COVID-19 stressors and one-year changes in depression and
anxiety in a longitudinal cohort of low-income adults in the United
States. Prev Med Rep. 2022;26:101730.

Roche KM, Huebner DM, Lambert SF, Little TD. COVID-19 stressors
and Latinx Adolescents' Mental Health Symptomology and School
Performance: a prospective study. J Youth Adolesc. 2022;51(6):
1031-1047.

Wong LP, Alias H, Md Fuzi AA, et al. Escalating progression of
mental health disorders during the COVID-19 pandemic: evidence
from a nationwide survey. PLoS One. 2021;16(3):e0248916.

Wu T, Jia X, Shi H, et al. Prevalence of mental health problems
during the COVID-19 pandemic: a systematic review and meta-
analysis. J Affect Disord. 2021;281:91-98.

Mazza MG, Palladini M, Poletti S, Benedetti F. Post-COVID-19
depressive symptoms: epidemiology, pathophysiology, and pharma-
cological treatment. CNS Drugs. 2022;36(7):681-702.

Venkatesan P. NICE guideline on long COVID. Lancet Respir Med.
2021;9(2):129.

Matsumoto K, Hamatani S, Shimizu E, Kéll A, Andersson G. Impact of
post-COVID conditions on mental health: a cross-sectional study in
Japan and Sweden. BMC Psychiatry. 2022;22(1):237.

Colizzi M, Peghin M, De Martino M, et al. Mental health symptoms one
year after acute COVID-19 infection: prevalence and risk factors. Rev
Psiquiatr Salud Ment. 2022. doi:10.1016/j.rpsm.2022.05.008
Renaud-Charest O, Lui LMW, Eskander S, et al. Onset and frequency
of depression in post-COVID-19 syndrome: a systematic review.
J Psychiatr Res. 2021;144:129-137.

Sharma P, Bharti S, Garg |. Post COVID fatigue: can we really ignore
it? Indian J Tuberc. 2022;69(2):238-241.

Ramirez-Vélez R, Oteiza J, de Tejerina JMCF, et al. Resistance
training and clinical status in patients with postdischarge symptoms
after COVID-19: protocol for a randomized controlled crossover
trial “The EXER-COVID Crossover Study”. Trials. 2022;23(1):643.
doi:10.1186/513063-022-06608-y

Kohout FJ, Berkman LF, Evans DA, Cornoni-Huntley J. Two shorter
forms of the CES-D depression symptoms index. J Aging Health.
1993;5(2):179-193.

Robison J, Gruman C, Gaztambide S, Blank K. Screening for
depression in middle-aged and older Puerto Rican primary care
patients. J Gerontol Ser A. 2002;57(5):M308-M314.

Kline RB. Principles and Practice of Structural Equation Modeling. 4th
ed. Guilford Publications; 2015:553.

Liu Y, Millsap RE, West SG, Tein JY, Tanaka R, Grimm KJ. Testing
measurement invariance in longitudinal data with ordered-
categorical measures. Psychol Methods. 2017;22(3):486-506.

Green SB, Yang Y. Reliability of summed item scores using structural
equation modeling: an alternative to coefficient alpha. Psychometrika.
2009;74(1):155-167.


https://doi.org/10.1080/08870446.2020.1782410
https://doi.org/10.1080/08870446.2020.1782410
https://doi.org/10.1016/j.jad.2020.06.035
https://doi.org/10.1016/j.jad.2020.06.035
https://doi.org/10.1016/j.psychres.2020.113350
https://doi.org/10.1080/07481187.2020.1848945
https://doi.org/10.1080/07481187.2020.1848945
https://doi.org/10.1016/j.janxdis.2020.102232
https://doi.org/10.1016/j.janxdis.2020.102232
https://doi.org/10.3389/fpubh.2021.728904
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1016/j.rpsm.2022.05.008
https://doi.org/10.1186/s13063-022-06608-y

RAMIREZ-VELEZ T AL

PO\ /1y 9 of 9

47.

48.

49.

50.

Rosseel Y. lavaan: an R package for structural equation modeling.
J Stat Softw. 2012;48(2):1-36.

Jorgensen TD, Pornprasertmanit S, Schoemann AM, et al. semTools:
useful tools for structural equation modeling. semTools. August 13,
2022. Accessed October 18, 2022. https://CRAN.R-project.org/
package=semTools

Schreiber JB, Nora A, Stage FK, Barlow EA, King J. Reporting
structural equation modeling and confirmatory factor analysis
results: a review. J Educ Res. 2006;99(6):323-338.

Sharif Nia H, Rezapour M, Allen KA, et al. The psychometric
properties of the Center for Epidemiological Studies Depression

MEDICAL VIROLOGY

Scale (CES-D) for Iranian cancer patients. Asian Pac J Cancer Prevent.
2019;20:2803-2809. doi:10.31557/APJCP.2019.20.9.2803

How to cite this article: Ramirez-Vélez R, Olabarrieta-Landa
L, Rivera D, Izquierdo M. Factor structure of the 10-item
CES-D Scale among patients with persistent COVID-19. J Med
Virol. 2022;95:28236. doi:10.1002/jmv.28236


https://CRAN.R-project.org/package=semTools
https://CRAN.R-project.org/package=semTools
https://doi.org/10.31557/APJCP.2019.20.9.2803
https://doi.org/10.1002/jmv.28236



