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Abstract

Symptomatic effects of mental disorders in parents could bias their reporting on their child’'s mental
health. This study aimed to investigate the measurement invariance of the French version of the parental
Strengths and Difficulties Questionnaire (SDQ) across parental mental health in a sample (N=20,765) of
parents of children aged 3 to 17 years in France. Confirmatory Factor Analysis (CFA) and Exploratory
Structural Equation Modelling (ESEM) were used to evaluate the fit of three known alternative SDQ factor
structures (five, three, or second-order factor structures). Invariance was tested across parental mental
health (present anxiety and depressive symptoms, psychiatric history) and across socio-demographic
characteristics (child's age, child's gender, parent's gender, parent's educational level). CFA models
showed a poor fit, while all ESEM models achieved acceptable or good fit, with the five-factor model
presenting the best fit. Invariance was observed for all characteristics tested, indicating that the SDQ can
be used to study the links between parental mental health and their child's mental health without bias.
However, ESEM showed that the Hyperactivity/Inattention and Conduct Problems dimensions were not
well differentiated in the French version of the SDQ.

1. Background

With over 13% of young people suffering from a psychopathological disorder [1], mental health problems
among children and adolescents are a public health issue arousing considerable concern. Apart from the
immediate distress associated with these health problems, one of the main concerns is that they can
persist or lead to other psychological and behavioural disorders later in life [2]. Furthermore, the COVID-19
pandemic and the various associated restrictions aggravated young people's mental health, particularly
anxiety and depression [3]. Accurately identifying mental health difficulties in childhood and adolescence
is essential to monitor changes in their prevalence over time and to study factors that could influence
their occurrence or resolution.

On this topic, the Strengths and Difficulties Questionnaire (SDQ) is one of the most widely used
questionnaires [4] for assessing children's mental health. Initially, the SDQ was designed to assess four
dimensions of psychological difficulties among children: emotional symptoms (ES), conduct disorders
(CD), hyperactivity/inattention (H/1), peer relationship problems (PRP) and a fifth dimension related to
pro-social behaviours (PB) [5]. Available in 60 languages, fast to administer and designed for children
aged 3 to 17, this screening tool can be filled in by parents, teachers or adolescents themselves from the
age of 11.

In several studies that have used the SDQ to evaluate mental health difficulties among children, the
informant was the parent. In these studies, parental mental health appears to be one of the strongest
factors associated with psychological difficulties among children [6—9]. Therefore, the fact that the
parent responds on behalf of the child raises a potential issue, since parental psychopathology is
considered as a major risk factor for the child's mental health. As pointed out by Breaux et al. [10], there
are many elements that could explain how parental psychopathology has an impact on a child’s
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functioning: shared genetic vulnerability; exposure to the parent's maladaptive cognitions, affects and
behaviours; exposure to a more stressful living environment, etc. However, some studies have shown that
parental reports of their children’s behaviours could also be influenced by their own functioning [11-13].
These studies, which have mainly focused on mothers, have shown that parents with psychopathology
tend to report more disorders for their children. Indeed, several cognitive impairments (attention, memory
recall, interpretation) associated with different psychopathologies [14] could bias a report. Thus, the
association between parental and child's mental health could be at least partly due to a measurement
bias.

This raises questions about measurement invariance, i.e. to what extent the construct being studied is
measured in the same way across different groups [15, 16]. Invariance ensures that the differences
observed between groups are due to differences in the level of the phenomenon, rather than a different
understanding of the items of the questionnaire. Following this reasoning, a recent study by Olino et al.
[17] investigated the invariance of the Child Behaviour Questionnaire (a scale measuring temperament)
across mothers' mental health. Participants were asked to complete the questionnaire for their 3-year-old
child. Despite the evidence suggesting that parental reporting could be biased, their analysis indicated
that the questionnaire was invariant across respondent’s depression, anxiety, substance use and
psychiatric history. To our knowledge no such study is available for the SDQ, nor on a broader age span
of the children assessed, nor when the informant is the father. Alongside, the invariance of the parent
version of the SDQ across socio-demographic characteristics has already been extensively studied, as
studies have shown that it is invariant across the child's age [18—21], parental socioeconomic status [20,
22, parental educational level [23], and parental gender [24]. The literature presents contrasted results for
the child's gender [18—-23, 25] and ethnic origin [20, 23].

The objective of this study was to assess the measurement invariance of the French version of the
parental SDQ across parental mental health (depressive and anxiety symptoms, psychiatric history). The
secondary objectives were to assess the invariance of the French version of the parent SDQ across
different socio-demographic characteristics (child’s age, gender of child and parent, parental educational
level), its factor structure as well as its test-retest reliability and internal consistency, as these properties
have never been investigated in France.

2. Methods

Study sample

The study sample was drawn from the “Epidémiologie et Conditions de vie sous le COVID-19 » (EpiCoV)
cohort, a national random population-based survey which followed 134,391 participants selected from
the national administrative and tax register through four rounds of data collection from Spring 2020 to
Autumn 2022. Details of the sampling methods are available in [26]. Data collection was achieved
through computer-assisted web interviews (CAWI) or computer-assisted telephone interviews (CATI) and
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covered a wide range of health characteristics, including mental health, healthcare and socio-
demographic characteristics.

For this study, the sample was a subgroup of the original cohort composed of participants with at least
one child aged 3 to 17 years at the time of the third data-collection round (N = 21,406 in Spring 2021), and
who had filled in the SDQ questionnaire for one randomly selected child (along with the questionnaires on
their own mental health). Since it was a complete data study (Supplementary Fig. 1), our final sample
consisted of 20,765 participants. A subset of this sample (N = 14,339) participated in the fourth round
(Autumn 2022), which made it possible to investigate the test-retest reliability of the questionnaire.

Measures

Strengths and Difficulties Questionnaire. The parental version was used to evaluate the mental health of
the children and adolescents. This questionnaire consists of 25 items (Supplementary Table 1), to which
the respondent answers on a three-point scale: "not true" (0), "somewhat true" (1) or "very true" (2). The
factor structure of the SDQ has been the subject of several studies with contrasted results. Three
dominant models have been identified [5, 27](Fig. 2): the original 5-factor model; the 3-factor model,
which combines items from the ES and PRP dimensions to form an "Internalizing Problems" factor and
items from the H/l and CD dimensions to form an "Externalizing Problems" factor; and the 2nd order
model, which places the internalizing and externalizing factors on a second level. Factor scores can be
calculated by summing the scores of the associated items. Confirmatory Factor Analysis (CFA) studies
have shown contrasting factorial validity for the 3-factor models [18, 19, 22, 27-31] and the 2nd order
model [18, 19, 22, 27-29]. The 5-factor structure generally presents the best fit [19, 20, 22, 27, 29, 31, 32],
but there are also several large studies that have failed to obtain fit indices above acceptable thresholds
[28, 30, 33]. Regarding the French version more specifically, it should be noted that the parent version has
never undergone a factorial evaluation in France.

Parental Mental Health: The PHQ-9 scale [34] was used to assess various symptoms associated with a
characterized depressive episode (loss of pleasure, sadness, sleep or appetite disturbances, low self-
esteem, etc.). The total score (items sum) is used to measure the intensity of depressive symptoms: no
depressive symptoms (0—4), mild depressive symptoms (5—9) and moderate/severe depressive
symptoms (10-27). Similarly, the GAD-7 scale [35] was used to screen for anxiety symptomes, as it
assesses various aspects of anxiety (nervousness, worry, irritability, difficulty relaxing, etc.). Participants
are categorized as having no anxiety symptoms (0-4), mild anxiety symptoms (5-9) or moderate/severe
anxiety symptoms (= 10) on the basis of the total score (items sum). Both questionnaires use a Likert
frequency scale ranging from 0 ("not at all”) to 3 ("nearly every day”) and assess symptoms over the past
two weeks. The factorial structure and internal consistency of the PHQ-9 and GAD-7 were checked in our
sample (Supplementary Table 2). Psychiatric history was assessed using the following question: "During
your life, has a doctor ever told you that you have a psychiatric, psychological or addiction disorder? Yes
or No".
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Some of the socio-demographic characteristics (child's age, child's gender, parental gender, parental
educational level) collected in the cohort were used to describe the survey sample and to conduct the
invariance analysis. In this analysis, the characteristics were integrated in the form of categorical
variables (with the categories presented in Table 1)

Analytical approach

The factor structure of the French version of the parental SDQ has classically been studied using CFA,
and later using a more recent latent variable approach, Exploratory Structural Equation Modelling (ESEM),
as several authors have argued that this new approach could be better suited to the assessment of
psychological constructs [36, 37]. Indeed, ESEM [37-39] integrates the possibility of cross-loading into a
CFA framework, in the same way as in exploratory factor analysis (EFA). Similar to EFA, ESEM offers
several rotation options. The target rotation was used, as it enables an a-priori specification matrix to be
constructed, which maximizes the loading of the targeted items for each factor, and minimizes all others.
Marsh et al. [37] state that with this rotation, ESEM can provide a robust and flexible confirmatory
approach to investigate the structural validity of a questionnaire. Some studies [21, 24] have already
applied ESEM to the SDQ.

Because the SDQ items are ordinal variables, the models were estimated with the Weighted Least
Squares with adjusted Mean and Variance estimator (WLSMV), using a polychoric correlation matrix with
probit regression. The three different SDQ factor structures described above (Fig. 2) were fitted using CFA
and ESEM. To note, for ESEM, the 2nd order model required an alternative approach, namely ESEM-
within-CFA (EwC), which involves reintegrating the estimated coefficients from an ESEM as starting
values within a CFA. The following fit thresholds were used: fit was considered acceptable if the
Comparative Fit Index (CFl) and the Tucker-Lewis Index (TLI) were = 0.90, the Root Mean Square Error of
Approximation (RMSEA) and the Standardized Root Mean square Residual (SRMR) were < 0.080, and
good if CFl and TLI were = 0.95, RMSEA and SRMR were < 0.060 [40]. Factor loadings were also
examined to ensure that each manifest variable was adequately explained by its expected latent factor.
Target factor loadings were expected to have values greater than 0.50 with CFA [41] or 0.35 with ESEM
[39].

Once the best-performing model was selected, invariance measurement was studied across parental
mental health (depressive and anxiety symptoms, psychiatric history) and socio-demographic
characteristics (child's age, child's and parental gender, parental educational level). In line with the
literature [16], three levels of invariance were tested sequentially: configural invariance (a multi-group
factor model is examined without constraints), metric invariance (factor loadings are constrained to be
equal across groups), and scalar invariance (additional equality constraints on the item response
category thresholds across groups). The invariance is established when no meaningful variation of the fit
is observed when constraints are imposed at each level. Lack of invariance was thus indicated when CFI
or TLI decreased by more than 0.010 or RMSEA increased by more than 0.015 or SRMR increased by
0.030 (for metric invariance) or 0.010 (for scalar invariance) [42]. A stratified invariance analyses across
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the three mental health characteristics was also performed separately according to the gender of the
parent who filled in the SDQ.

Finally, internal consistency reliability was evaluated using McDonald's w, computed using the factor
loadings and item residuals of the models. To note, there is no specific method to incorporate cross-
loadings in the calculation of w for ESEM models [39]; the current recommendation is to calculate w by
considering only the parameters of the "target” items. For test-retest reliability, longitudinal ESEM and CFA
models were run to investigate the correlation of a latent dimension between measurements in round 3
and round 4. The two types of reliability are both considered acceptable if they are greater than 0.70 [43,
44].

Data cleaning and descriptive analyses were performed using R Software (version 4.2.3), while all
psychometric analyses were conducted using Mplus (version 8.8).

3. Results

Sample characteristics

Among the 20,765 parents who filled in the SDQ in spring 2021, 12,069 (58.1%) were women, with a mean
age of 43.9 years (standard deviation (SD) = 7.3) and 12,548 (60.4%) reported a higher educational level
than high school diploma (Table 1). Regarding their mental health, 5121 (24.7%) had mild depressive
symptoms, and 2098 (10.1%) moderate to severe depressive symptoms, 4171 (20.1%) had mild anxiety,
and 1593 (7.7%) had moderate to severe anxiety. A psychiatric history was reported by 1720 individuals
(8.3%). Regarding the children selected, 10,556 (50.8%) were boys, 3771 (18.2%) were aged 3-5 years,
6296 (30.3%) 6-10 years, 5768 (27.8%) 11-14 years and 4930 (23.7%) 15—17 years. The scores for each
of the five SDQ dimensions are described in Table 1.
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Table 1

Participant characteristics and descriptive statistics of respondents to the Strengths
and Difficulties Questionnaire in the EpiCoV survey, 3rd round of data collection (N =
20,765, 2021, France).

n(N=20765) %

Parental age

Under 30 years 418 2.0%
31-40 years 6935 33.4%
41-50 years 10,151 48.9%
51-60 years 3007 14.5%
Over 60 years 254 1.2%

Parental gender

Man 8696 41.9%
Woman 12,069 58.1%
Parental educational Level

High school or below 8217 39.6%
Above High school 12,548 60.4%

Parental depressive symptoms

No depressive symptoms 13,546 65.2%
Mild depressive symptoms 5121 24.7%
Moderate or severe depressive symptoms 2098 10.1%

Parental anxiety symptoms

No anxiety 15,001 72.2%
Mild anxiety 4171 20.1%
Moderate or severe anxiety 1593 7.7%

Parental psychiatric history

Yes 1720 8.3%
No 19,045 91.7%
Child's age

3—-5years 3771 18.2%
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n(N=20765) %

6—-10 years 6296 30.3%
11-14 years 5768 27.8%
15-17 years 4930 23.7%

Child's gender

Boy 10,556 50.8%
Girl 10,209 49.2%
Mean Standard Deviation

SDQ scores

Emotional symptoms (ES) 1.92 2.02

Peer relationship problems (PRP) 1.54 1.62

Conduct disorders (CD) 1.52 1.57
Hyperactivity/Inattention (H/I) 3.00 2.40

Pro-social behaviours (PB) 7.72 1.96

SQD factor structure

Using CFA, the fit of the three factor structures investigated were not found to be satisfactory. The best fit
was observed for the 5-factor model whose RMSEA (0.065) and SRMR (0.078) values were acceptable,
but whose CFI (0.874) and TLI (0.851) were not. All ESEM models showed satisfactory or good indices,
with the 5-factor model presenting the best fit indices values (CF1=0.973, TLI=0.956, RMSEA = 0.035,
SRMR = 0.029).
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Table 2
Fit statistics for the six SDQ factor models tested (N = 20,765, 2021, France).

Model X2 df CFI TLI RMSEA SRMR
CFA five correlated first-order 22649.1 253 0.875 0.851 0.065 0.078
factors! [0.065;0.066]
CFA three correlated first-order 30029.6 260 0.833 0.808 0.074 0.088
factors! [0.074;0.075]
1 273934 256 0.848 0.822 0.071 0.084
CFA three 2nd order factors [0.071:0.072]
ESEM five correlated first-order 5016.8 185 0973 0.956 0.035 0.029
factors [0.035;0.036]
ESEM three correlated first-order 15791.0 228 0913 0.885 0.057 0.048
factors [0.057;0.058]
EwC three 2nd order factors 5697.5 188 0970 0952 0.037 0.030
[0.036;0.038]

Notes: 1 Integration of residual co-variances between semantically related items (fidget-restless; task-
attention) and between the five reverse items (obedient, friend, liked, impulse, task)

Table 3 shows the factor loadings of the ESEM five-factor model. Except for latent factor CD, all the
"targeted" items of latent factors had factor loadings above 0.35. Cross-loadings higher than 0.35 were
observed for five items, all targeted in the Conduct Disorder and Hyperactivity/Inattention dimensions.
Fidgeting ("Constantly fidgeting”) and Restlessness ("Restless, overactive, cannot stay still for long") were
the H/I items that had higher factor loadings on the CD dimension (A = 0.549 and A = 0.645) than those
on the H/I dimension (A = 0.447 and A = 0.405). This is particularly noteworthy as these two loadings were
higher than all targeted items for the CD dimension (A ranging from 0.236 to 0.462). Similarly, the H/I
factor loaded on the Lies ("Lies or cheats’) item (A = 0.395) more than the CD factor (A = 0.236).
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Table 3
Factor loadings of the SDQ ESEM 5F model (N = 20,765, 2021, France).

ltems ES PRP CD H/I PB
A A A A A

Complaints 0.412 0.011 0.094 0.010 0.023
Unhappiness 0.610 0.174 0.169 -0.024 -0.074
Worries 0.733 0.063 -0.039 -0.071 0.093
Anxiety 0.775 0.005 -0.046 0.075 -0.055
Fear 0.792 -0.005 -0.019 -0.004 -0.041
Solitude 0.201 0.455 -0.159 -0.038 0.186
Friends -0.117 0.633 0.061 -0.012 0.221
Popularity 0.011 0.553 0.040 0.073 0.157
Bullying 0.252 0.477 0.079 0.137 -0.262
Adults 0.047 0.604 0.003 -0.032 -0.083
Anger 0.342 -0.129 0.462 0.148 -0.075
Obedience -0.033 -0.010 0.317 0.285 -0.216
Aggressiveness 0.098 0.194 0.450 0.167 -0.306
Lies 0.080 0.031 0.236 0.395 0.186
Stealings 0.020 0.261 0.344 0.175 0.228
Restlessnesss 0.001 -0.010 0.645 0.405 -0.156
Fidgeting 0.064 0.007 0.549 0.447 -0.362
Distraction 0.113 0.061 -0.145 0.849 -0.090
Reflection -0.055 -0.075 0.029 0.605 -0.100
Concentration -0.064 0.076 -0.260 0.934 -0.053
Consideration 0.080 -0.098 -0.081 -0.150 0.547
Sharing 0.008 -0.297 0.040 0.113 0.350
Helpfulness -0.006 -0.029 -0.107 0.082 0.783
Kindness 0.036 -0.225 -0.166 0.054 0.578

Notes: \ = standardized factor loading; bold values indicate target loadings for the factor; shaded
values represent cross-loadings <|0.35|. ES = Emotional symptoms; PRP = Peer relationship problems;
CD = Conduct disorders; H/I = Hyperactivity/Inattention; PB = Pro-social behaviour.
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ltems ES PRP CcD H/I PB
Volunteering -0.106 0.129 -0.051 -0.054 0.841

Notes: \ = standardized factor loading; bold values indicate target loadings for the factor; shaded
values represent cross-loadings <|0.35|. ES = Emotional symptoms; PRP = Peer relationship problems;
CD = Conduct disorders; H/I = Hyperactivity/Inattention; PB = Pro-social behaviour.

Correlations between the latent factors of the ESEM five-factor model were low to moderate (range: 0.16
to 0.43) as shown in Table 4.

Table 4

Correlation matrix of the SDQ latent factors —
ESEM 5F model (N = 20,765, 2021, France).

a. ES PRP CD H/I PB

ES 1.00

PRP 0.38 1.00

CD 0.24 0.16 1.00

H/I 037 024 043 1.00

PB 0.05 032 -005 -031 1.00

Invariance analysis

The results of the invariance analysis using the ESEM five-factor model are presented in Table 5.
According to the reference thresholds, the SDQ was invariant across all the characteristics considered.
The gender-stratified invariance analysis (Supplementary table 4) showed that the SDQ was invariant
across mental health regardless of parental gender. To provide a sensitivity analysis, invariance was also
studied across the same characteristics (Supplementary table 5) using the best-performing CFA model
(five-factor model). Invariance was also found across all characteristics tested.
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Invariance analysis— ESEM 5F model (N = 20,765, 2021, France).

Table 5

Variable

Parental gender

Configural

Metric

Scalar
Parental diploma

Configural

Metric

Scalar

Parental depressive
symptoms

Configural

Metric

Scalar

Parental anxiety
symptoms

Configural

Metric

Scalar

Parental psychiatric
history

Configural

Metric

Reliability analysis

CFI

0.973

0.984

0.983

0.973

0.981

0.980

0.971

0.983

0.982

0.971

0.984

0.983

0.974

0.985

TLI

0.956

0.980

0.980

0.957

0.977

0.977

0.953

0.981

0.981

0.953

0.982

0.982

0.957

0.982

RMSEA SRMR ACFI

0.035

0.024

0.024

0.035

0.026

0.026

0.035

0.022

0.022

0.035

0.022

0.022

0.035

0.022

0.029

0.031

0.031

0.029

0.033

0.033

0.030

0.033

0.033

0.030

0.033

0.033

0.029

0.031

0.011
-0.001

0.008
-0.001

0.012
-0.001

0.013
-0.001

+
0.011

ATLI

0.024
0.000

0.020
0.000

0.028
0.000

0.029
0.000

0.025

A
RMSEA

-0.011

0.000

-0.009

0.000

-0.013

0.000

-0.013

0.000

-0.013

A
SRMR

+
0.002
0.000

0.004
0.000

+
0.003
0.000

0.003
0.000

+
0.002
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Variable

Parental gender

Scalar

Child's gender

Configural

Metric

Scalar
Child's age

Configural

Metric

Scalar

Reliability analysis

CFl

0.985

0.973

0.981

0.980

0.974

0.971

0.967

TLI

0.983

0.956

0.978

0.977

0.957

0.968

0.967

RMSEA

0.022

0.035

0.025

0.026

0.035

0.030

0.031

SRMR

0.031

0.029

0.032

0.032

0.030

0.041

0.042

A CFI

0.000

0.008
-0.001

-0.003

-0.004

ATLI

+
0.001

0.022
-0.001

+
0.011
-0.001

A
RMSEA

0.000

-0.010

+0.001

-0.005

+0.001

A
SRMR

0.000

0.003
0.000

=+

0.011

+
0.001

Internal consistency and test-retest reliability estimators are reported in Table 6. Internal consistency
indicators were acceptable, with the exception of the CD dimension in the ESEM model (w = 0.53). The

questionnaire also demonstrated good test-retest reliability with all dimensions, except pro-social

behaviour, which had a V3-V4 correlation of over 0.70.

Table 6

Internal consistency reliability (McDonald's w) and test-retest reliability (round 3-
round 4 correlation) of the two best models (CFA and ESEM) of the SDQ, (N =
20,765, 2021 ; N=14,339, 2022 ; France).

CFA 5-Factor model
ESEM 5-Factor model

CFA 5-Factor model
ESEM 5-Factor model

MacDonald’s w (N =20.765)

ES

0.823
0.819

Correlation round 3-round 4 (N = 14.339)

0.723
0.721

PRP

0.725
0.726

0.747
0.743

)

0.794
0.535

0.768
0.764

H/I

0.853
0.874

0.767
0.815

PB

0.802
0.789

0.681

0.668
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4. Discussion

In a French random population-based cohort, our study did not evidence any measurement invariance
issues for the SDQ across parental mental health (depressive and anxiety symptoms, psychiatric history),
nor across other socio-demographic characteristics (child's age, child and parental gender, parental
educational level). When the factor structure of the French version of the SDQ was classically
investigated using CFA, it showed a less than acceptable fit, whereas this was not the case using ESEM,
which showed that the five-factor model had the best fit. We also estimated good reliability indices for the
SDQ.

Because cognitive and affective alterations resulting from mental disorders could bias the parents'
reporting about their child [11-13], this study aimed to detect measurement invariance issues on the SDQ
across parental mental health. It did not in fact detect any issues. In practice, this indicates that if an
association is observed between parental mental health and their child’s behaviour assessed using the
French version of the SDQ in a study [6—8], it is unlikely to be the result of an invariance bias. Our results
are thus in line with the study by Olino et al. [17] who, using the Child Behaviour Questionnaire on 3 year-
old children, showed invariance across maternal mental health, and extends it to fathers’ reports and to
the assessment of the behaviour of children aged 3 to 17 years. Additionally, the invariance analysis
carried out on other socio-demographic characteristics complements the literature: as in several other
studies on the SDQ, we found no invariance issues linked to the parental gender [24], the child’s gender
[18-22], the child's age [18—21] or parental educational level [23].

Regarding the SDQ factor structure, our study is one of the first conducted on the parent version of the
SDQ in French language and the largest ever conducted in France. None of the three CFA models reached
an acceptable fit in our sample. This is in line with a number of CFA studies on the SDQ in various
languages and populations [18, 28—-30, 33]. Conversely, the ESEM approach, recommended by several
authors, showed acceptable or satisfactory fit for the three-factor models, with the ESEM 5-factor model
being the best. These fit indicators are consistent with the results of the few studies that have applied
ESEM to the SDQ [21, 24]. Examining the factor loadings of the best ESEM model enabled us to observe
structural issues in the questionnaire in the Hyperactivity/Inattention and Conduct Problems dimensions.
These factors were indeed not clearly distinct as evidenced by the items "Fidgeting”and “Restlessness”
for which the cross-loadings were higher than their targeted loadings. This could be explained by a
relative dissociation within the Hyperactivity/Inattention factor between items related to hyperactivity
(fidget and restless) and items related to concentration difficulties (attention, impulse, and task).
Furthermore, this would mean that the items related to hyperactivity are more strongly associated with
Conduct Problems than with Inattention. In addition, the invariance analysis enabled us to conclude that
these results were observable regardless of parent or child characteristics. Putting these results into
perspective with other studies using ESEM is particularly relevant, as a similar pattern has been observed
in the parental SDQ in English [24] and in self-administered questionnaire in Spanish [21] samples, which
suggests that this might not be specific to the French version of the SDQ. These findings are consistent
with the recent literature, which now considers hyperactivity and attention deficit as two related but
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separate constructs [45]. It also reinforces the idea that, from the parents' point of view, hyperactivity
symptoms are a behavioural problem. Clinicians do not necessarily share this view, but it does help their
clinical practice to take the parents’ perception on board.

This study has provided new information on the association between parent and child mental health,
since it has shown that there is no invariance bias. On a national level, this is the largest (N = 20,765)
psychometric study ever carried out on the SDQ in France, and we have provided some information
regarding the factor structure in this context, notably through a comparison of the CFA and ESEM
approaches. Typically, CFA is used because it helps to determine whether it is psychometrically viable to
consider that an item refers to a single latent process. Satisfactory structural validity enables a score to
be considered as a good representation of the latent factor to be measured, thus justifying the most
widely used measurement model in clinical practice. However, in our study, to reach an acceptable fit, the
absence of cross-loading constraints had to be relaxed, which meant that some items substantially
contributed to the measurement of latent factors other than the one that was targeted. In this respect, the
ESEM approach showed that scores related to the CD and H/I factors could lack validity. This therefore
highlights difficulties in accurately identifying these two factors and it leads us to recommend the use of
latent modelling, namely ESEM, rather than scores when mobilizing the SDQ in a research context.

However, several limitations to this study should be acknowledged. The evaluation of parental mental
health did not include severe psychiatric problems such as schizophrenia or intellectual disability, which
could have affected the invariance of the SDQ differently. However, given the low prevalence of this type
of disorder in a general population sample, this is not likely to have biased our results. The choice of
performing the analysis on complete data is also debatable, as it is difficult to assume that missing data
is Missing Completely At Random. However, we did observe very low proportions of missing values for
the SDQ (between 0.93% and 1.10% depending on items), and measures of depressive symptoms (0.12%
- 0.24%) and anxiety symptoms (0.07% - 0.11%). In addition, the use of ESEM comes with relative
uncertainty: it is a recent methodology and the performance and validity of which are not necessarily well
known, depending on the study configuration. It is also essential to remember that the study focused on
parental perceptions of their child's difficulties, so that the measure was not direct. Therefore, it is not
certain that the difficulties reported by the parents were really those experienced by their children. Finally,
other characteristics of the questionnaire should be investigated to provide a more exhaustive
psychometric analysis of the SDQ: convergent validity; sensitivity and specificity; inter-parent consensus.
This was not possible with our data, however readers can refer to the systematic reviews [4, 46] which
provide some insights into these aspects.

Thanks to the EpiCoV cohort, we were able to show that the SDQ does not present problems of invariance
across the parental mental health characteristics, nor to socio-demographic characteristics. Furthermore,
the SDQ factor structure was studied using CFA and ESEM, which evidenced difficulties in distinguishing
the Conduct Disorders and Hyperactivity/Inattention dimensions. Consequently, this leads us to
recommend using ESEM rather than the scores when mobilizing the SDQ in research, so that the
complexity of its structure can be incorporated into the study.
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Figure 2. The different SDQ factor structures.
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