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ABSTRACT

Background: The Collaborative Outcome study on Health and Functioning during Infection Times (COH-FIT;
www.coh-fit.com) is an anonymous and global online survey measuring health and functioning during the
COVID-19 pandemic. The aim of this study was to test concurrently the validity of COH-FIT items and the in-
ternal validity of the co-primary outcome, a composite psychopathology “P-score”.

Methods: The COH-FIT survey has been translated into 30 languages (two blind forward-translations, consensus,
one independent English back-translation, final harmonization). To measure mental health, 1-4 items (“COH-FIT
items™) were extracted from validated questionnaires (e.g. Patient Health Questionnaire 9). COH-FIT items
measured anxiety, depressive, post-traumatic, obsessive-compulsive, bipolar and psychotic symptoms, as well as
stress, sleep and concentration. COH-FIT Items which correlated r > 0.5 with validated companion question-
naires, were initially retained. A P-score factor structure was then identified from these items using exploratory
factor analysis (EFA) and confirmatory factor analyses (CFA) on data split into training and validation sets.
Consistency of results across languages, gender and age was assessed.

Results: From >150,000 adult responses by May 6th, 2022, a subset of 22,456 completed both COH-FIT items and
validated questionnaires. Concurrent validity was consistently demonstrated across different languages for COH-
FIT items. CFA confirmed EFA results of five first-order factors (anxiety, depression, post-traumatic, psychotic,
psychophysiologic symptoms) and revealed a single second-order factor P-score, with high internal reliability (o
= 0.95). Factor structure was consistent across age and sex.

Conclusions: COH-FIT is a valid instrument to globally measure mental health during infection times. The P-score

is a valid measure of multidimensional mental health.

1. Introduction

COVID-19 has infected over 530 million people and caused almost
6.3 million deaths up to June 1st, 2022, since its breakout, globally
(Dong et al., 2020). The indirect impact of COVID-19 on mental health
of the general population (Dragioti et al., 2021) and of specific groups
(Chen et al., 2022; Dragioti et al., 2022; Leung et al., 2022; Zhang et al.,
2022) of the population has been studied by several anonymous surveys.
Mental health surveys published in the early stage of the pandemic
recruited on average 5137 respondents and a maximum of 56,679 re-
spondents (Lin et al., 2021), in adults. In children and adolescents
(Theberath et al., 2022), surveys focused mainly on anxiety (28 %) and
depression (23 %), while loneliness (5 %), stress (5 %), fear (5 %),
tension (3 %), anger (3 %), fatigue (3 %), confusion (3 %), and worry (3
%) were assessed much less frequently. Most surveys focused on a few
outcomes. The largest meta-analysis on the prevalence of mental health
outcomes during the COVID-19 pandemic, which included 173 surveys
and over 500,000 participants, showed that the highest prevalence
during the COVID-19 pandemic is for posttraumatic symptoms in
COVID-19-infected people (94 %), but also that mental health can be
broadly affected by the COVID-19 pandemic. These outcomes included
behavioral problems in those with prior mental disorders (77 %), fear in

1 Joint first authors.
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healthcare workers (71 %), anxiety in caregivers/relatives of people
infected with COVID-19 (42 %), general health/social contact/passive
coping style in the general population (38 %), depression in those with
prior somatic disorders (37 %), and fear in other-than-healthcare
workers (29 %) (Dragioti et al., 2021). Females seem to be particu-
larly affected by the pandemic overall, college students/young adults
with respect to anxiety, depressive and sleep problems, and suicidal
ideation, and adults with regards to post-traumatic stress disorder
(Dragioti et al., 2021).

Given the evidence of the multidimensional impact of the pandemic
on mental health in the general population, surveys ideally should assess
a composite psychopathology domain: “p”, which covers and in-
corporates these different aspects of mental health and functioning.
Numerous studies have shown that the many psychiatric symptoms and
disorders ultimately cluster in three psychopathology dimensions
(namely, externalizing, internalizing, and psychotic experiences), which
in turn load on a single domain of psychopathology, “p”, paralleling the
“g” factor for intelligence, and mapping on a continuum from low to
extreme psychopathology (Caspi et al., 2014; Caspi and Moffitt, 2018).
Importantly, externalizing behavior is difficult to capture and measure
with online surveys, while valid self-report questionnaires exist for
internalizing and psychotic symptoms. P is classically conceived as a
latent variable, putatively associated with an increased risk of devel-
oping mental disorders (Caspi et al., 2014; Caspi and Moffitt, 2018).
However, it has been proposed that P should also be considered as a
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mental health outcome in clinical studies aiming to prevent or treat
mental disorders (Caspi and Moffitt, 2018). Accounting for the dual
nature of P, as a latent vulnerability factor and as an outcome, a ques-
tionnaire measuring composite psychopathology could inform on both
vulnerability for future development of mental disorders (P as a liability
latent factor), and the broad mental health status (P as an outcome). To
assess P, measures of individual psychopathological domains are
needed. Most of the surveys conducted during the COVID-19 pandemic
to date have focused on one or two psychopathology domains, and have
used full-length validated questionnaires, that are composed of
numerous items. This approach has limited the number of domains that
could be covered within a reasonable amount of time. For instance,
among others, the Patient Health Questionnaire 9 (PHQ-9) (Kroenke
et al., 2001) was frequently used to measure depressive symptoms, the
Generalized Anxiety Disorder 7 (GAD-7) (Spitzer et al., 2006) to mea-
sure anxiety symptoms, and the post-traumatic stress disorder (PTSD)
Checklist for DSM-5 (PCL-5) (Blevins et al., 2015) to measure post-
traumatic symptoms. These questionnaires are nine, seven, and 20
items long, respectively. Hence, in the context of an online survey, using
validated questionnaires to assess P and create a P-score would take too
many items, likely decreasing completion rates of responses. An alter-
native approach to creating a P-score is to use fewer items to measure
multiple dimensions of mental health at the same time, minimising time
demands and avoiding fatigue of the participant.

It is also very important to keep in mind that online surveys are not
limited by borders, and that they have the potential of reaching people
living in any country and speaking any language. However, almost every
online survey normally provides the option to answer in one or (rarely)
two languages, most frequently English, or Chinese. This limitation is of
particular concern as it can introduce selection bias since the pandemic
is particularly affecting the most fragile strata of the population,
including ethnic and linguistic minorities who generally have lower
socio-economic status and education (Pan et al., 2020; Treweek et al.,
2020), and who are frequently non-fluent in the official national lan-
guage of the country of residence (UK _Government, 2011). Hence, a
multi-language survey has the potential of being more inclusive, not
leaving behind any linguistic minorities, and collect evidence from as
many countries globally as possible (Solmi et al., 2021).

However, the use of abbreviated scales to measure mental health
requires evidence that the scale validity is not adversely affected.
Furthermore, merging item data from the same survey across multiple
language translations assumes that the psychometric properties are not
compromised by their presentation in a different language.

The Collaborative Outcome study on Health and Functioning during
Infection Times (COH-FIT; www.coh-fit.com) is an online survey
measuring the impact of COVID-19 pandemic on health and functioning
of the general populations. COH-FIT is one of the largest international,
multi-language (n = 30), cross-sectional, anonymous online surveys for
adults, adolescents (14-17 years), and children (6-13 years), measuring
health and functioning during COVID-19 pandemic globally in a multi-
wave design, utilizing both non-probability and representative sam-
pling, in collaboration with over 220 researchers from all around the
globe (Solmi et al., 2022b, 2022¢). Since April 26th, 2020 up to May 6th,
2022, COH-FIT has collected over 150,000 responses from adults and
over 15,000 responses from minors, in over 150 countries. The design of
COH-FIT has been described and discussed in detail previously (Solmi
et al., 2022b, 2022c, 2022a). Briefly, COH-FIT assesses at the time of
taking the survey - and recalled for the last 2 weeks of regular life before
the onset of the pandemic locally - aspects of both physical health and
mental health in order to measure the impact of the pandemic, including
its relationship to specific moderators and mediators of that impact.
With regards to the assessment of mental health, COH-FIT, uses selected
items for each psychopathology domain that were extracted from full-
length validated questionnaires, which are then put together to build
a composite general psychopathology P-score. The COH-FIT P-score is
composed by COH-FIT items that are found to sufficiently represent fully
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validated scale result for anxiety, depressive, post-traumatic, obsessive-
compulsive, bipolar and psychotic symptoms, as well as psychophysio-
logic measures of stress, sleep, and concentration problems. The primary
aim of this validation study was to evaluate the psychometric properties
of the COH-FIT P-score by (1) examining the concurrent validity of each
of the selected COH-FIT psychopathology items and domains, via
examining correlations of each item with the full-length validated
questionnaire for the same constructs, and (2) assessing the factor
structure, internal reliability and measurement invariance across age
groups and sex of the composite P-score within a structural equation
modeling framework. A secondary aim was to measure validity of the
translation process, to justify the pooling of COH-FIT results collected in
different languages.

2. Methods
2.1. Dataset

The dataset examined is that from all adult respondents to the COH-
FIT survey collected from April 26th, 2020 to May 6th, 2022. Data
collection of the full questionnaires after completion of the COH-FIT
survey was only conducted between April 26th, 2020 and May 24th,
2020, i.e., until a sufficient number of participants answered these
additional questions, in order to reduce the burden and time require-
ment for the subsequent COH-FIT participants. The validated question-
naires were deliberately placed at the end of the survey in order not to
alter the survey’s structure before them after removal of these items due
to completion of the validation effort. Validation scales were translated
into several languages with responses distributed as follows: Hungarian
(25 %), Italian (20 %), Greek (15 %), Danish (8 %), Thai (8 %), English
(4 %), French (4 %), German (4 %), Spanish (4 %), Japanese (2 %),
Dutch (1 %), Polish (1 %), Portugal Portuguese (1 %), Russian (1 %),
Turkish (1 %), Romanian (<1 %), Traditional Chinese (<1 %), Arabic
(<1 %), Brazilian Portuguese (<1 %), Czech (<1 %). In addition, the
entire WHO-5 questionnaire (Topp et al., 2015) (co-primary outcome
with the P-score) was also administered in Bangladeshi, Simplified
Chinese, Farsi, Korean, Rumantsch Grischun, Serbian, Swedish, Urdu
and Xhosa.

2.2. Data screening, languages and missing data

Prior to the main analyses, initial data were screened through
computation of minimum and maximum values for each variable to
identify out-of-range values. Furthermore, a visual inspection of histo-
grams was conducted to assess data distributions and identify obvious
univariate outliers. In addition, for participants who completed >80 %
of the scale items, missing domain item data were imputed using
multivariate chained equations. Otherwise participant data for that
domain were excluded from further analysis. For COH-FIT domains with
a low number of items (typically 1-2 items), domain scores were not
imputed if missing.

2.3. Representativeness of the validation sample

To assess representativeness of the subsample that additionally
completed the full-length validation questionnaires, to the wider survey
sample, we compared demographic characteristics based on the
following: sex, age, ethnicity, education and employment status. If any
sizeable/material imbalance emerged between the validation subsample
and the whole data sample, validation cases were weighted to achieve
representativeness.

2.4. COH-FIT items and concurrent validity

Concurrent validity was assessed by computing Pearson’s correla-
tions for each of the candidate COH-FIT domain scores with an
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established and validated full-length measure of the same construct as
follows: (1) COH-FIT anxiety domain score with GAD-7 (Spitzer et al.,
2006), (2) COH-FIT depression, (3) sleep, and (4) concentration domain
score with PHQ-9 (Kroenke et al., 2001), (5) COH-FIT post-traumatic
symptoms domain score with (PCL-5) (Blevins et al., 2015), (6) COH-FIT
obsessive-compulsive symptoms domain score with the Brief Obsessive
Compulsive Scale (BOCS) (Bejerot et al., 2014), (7) COH-FIT bipolar
disorder symptoms domain score with the Altman Self-Rating Mania
Scale (ASRM) (Altman et al., 1997), (8) COH-FIT stress domain score
with the WHO-5 wellbeing scale (Topp et al., 2015), and (9) COH-FIT
psychotic symptoms domain score with the Prodromal Questionnaire-
16 (PQ-16) (Ising et al., 2012). We selected the WHO-5 as the vali-
dated questionnaire to test concurrent validity of the COH-FIT stress
domain score, given the large overlap between the two concepts (i.e.
stress as opposite of well-being) (Heitor Dos Santos et al., 2018), and in
light of the strong association between the WHO-5 and several stress
signs and symptoms (Feicht et al., 2013). Only COH-FIT domains with
moderate correlations >0.50 with their respective validated full-length
questionnaires were considered as acceptable to be included as a
component in the composite P-score. Additionally, we calculated the
correlations of each individual COH-FIT item within the same domain
(e.g. COH-FIT anxiety items 1 and 2) with its corresponding validation
scale (e.g. GAD-7 anxiety score) to identify any poorly performing in-
dividual COH-FIT items. Any items with a correlation <0.20 were not
included in the scoring of that domain.

As the upper limit of a test-criterion correlation is dependent upon
the reliability of the criterion, the nature of the construct and the degree
of similarity of constructs across test, and criterion measures (Kline,
2000), we only automatically excluded COH-FIT domains or items from
any analysis where correlations were <0.2, but where correlations were
0.2-0.5 we considered the centrality of that item to the main analysis
before deciding whether or not to exclude. The scoring of COH-FIT
domains and each corresponding validation scale is provided in Sup-
plementary Table 1.

To assess whether concurrent validity for each COH-FIT domain was
still evident across different language translations of the COH-FIT items,
Pearson’s correlations for every language with at least 100 valid re-
sponses were computed for all domains and plotted graphically for all
COH-FIT domains (Supplementary Table 2, supplementary Fig. 2). If any
correlations were notably lower for a particular language within a
domain, we will consider excluding data for this domain for the affected
translation in further projects using global and local data.

2.5. P-score definition and internal validation

One of the two COH-FIT co-primary outcomes is a composite psy-
chopathology measure (P-score) representing a multidimensional mea-
sure of symptoms of different psychopathologic domains ranging from
0-100 (the other COH-FIT co-primary outcome is a re-scaled WHO-5
questionnaire), with all COH-FIT items and the WHO-5 being rated on a
0-100 scale. Only COH-FIT domains with at least moderate correlations
of r > 0.50 with their respective validated full-length questionnaires
were considered as acceptable to be included as a component of the
composite P-score.

The P-score assessment underwent an internal validation procedure.
First, to identify an initial P-score factor structure, we conducted
exploratory factor analysis (EFA) on a testing set after randomly
dividing the data into approximately evenly split testing and validation
subsamples. Factors were extracted from an initial pool of all items
belonging to a COH-FIT domain using ordinary least squares EFA, with
oblique rotation (oblimin) used, given our expectation of correlated
factors. Horn's parallel analysis (Horn, 1965) was performed to deter-
mine the number of factors to retain, based on the number of ranked
eigenvalues from the data that exceeded the upper 95th percentile of
ranked eigenvalues generated from factor analysis of 500 simulated
uncorrelated datasets (Glorfeld, 1995). We used Horn’s Parallel
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analysis, as it is a more objective method than the often used method of
visually identifying a “break-point”. Parallel analysis determines the
number of factors based on how many produce Eigenvalues that lie
outside of the 95 % confidence intervals of those that would be expected
to arise purely by chance, and has been shown to more reliably estimate
the ‘true’ number of factors (Horn, 1965). A rotated item loading >0.45
was considered acceptable for the COH-FIT item, indicating that an item
belonged to a factor (Tabachnick and Fidell, 2013). Second, we per-
formed confirmatory factor analysis (CFA) on the validation set,
assessing the fit of a hierarchical model using the domain-specific factors
identified by the EFA as well as of an additional general psychopatho-
logic (P) domain modelled as a second-order factor. This general second-
order factor was added to evaluate the legitimacy of computing a single
composite P-score in further analyses. A substantial loading of the P-
domain onto all subfactors (minimum >0.45), and an adequate model fit
with a general pattern of coherent high factor loadings (minimum
>0.45), would support the creation of a composite P score. To demon-
strate adequacy of model fit indices should be close to the following
standard cut-offs of comparative fit index (CFI) >0.95, root mean square
error of approximation (RMSEA) <0.06, standardized root mean square
residual (SRMR) <0.08 (Hu and Bentler, 1999). We did not use the chi-
square test to assess significance of model fit, as even trivial deviations
of a user-specified model from a fully saturated model tend to be sig-
nificant when sample sizes are large (here n > 20,000). Overall and
individual internal domain reliabilities were estimated with coefficient
o within the CFA framework as well as the traditional coefficient «,
given that a can sometimes misestimate true reliability (Raykov, 2001).

2.6. P-score measurement invariance

To assess equivalence of P-score measurement across males and fe-
males and age groups (18-39, 40-64, 65+ yrs.), multiple-groups CFA
was performed. Measurement invariance was tested in a hierarchical
manner, assessing adequacy of model fit with the following increasingly
restrictive equality constraints:(Horn and McArdle, 1992; Vandenberg
and Lance, 2000) configural (‘weak’) measurement invariance (equal
model specifications for each subgroup) and metric (‘strong’) invariance
(equal factor loadings across groups). We also examined intercept
invariance (equal intercepts across groups). As limitations of the chi-
square test in large samples are also applicable to multi-group CFA,
the CFI was used as the primary indicator of measurement invariance.
Data simulations have demonstrated that an absolute change in CFI
<0.002 (ACFI <0.002) indicates that deviations from perfect group
equivalence are practically trivial (Meade et al., 2008).

All analyses were conducted in R (R Foundation for Statistical
Computing, Vienna, 2019) using the MICE (van Buuren and Groothuis-
Oudshoorn, 2011), ggplot2 (Wickham, 2016), psych (Revelle and Rev-
elle, 2015) and lavaan (Rosseel, 2012) packages.

3. Results
3.1. Data screening

Up to May 6th, 2022, N = 153,876 adults consented to participate in
the survey. During the early period of data collection, a smaller sub-
sample was additionally asked to complete a set of full-length validation
questionnaires. After approximately 15 % (N = 22,456) of the entire
sample had provided responses to the validation questionnaires, these
were removed from COH-FIT to reduce participant burden. A smaller
subsample was available for the PQ-16 scale, which was added at a
slightly later stage of the validation process (N = 16,518). A larger
sample was available for the WHO-5, as this scale was also one of the two
co-primary outcomes in the main survey (and therefore a complete
dataset was available) (Supplementary Table 1).

Only a very small percentage of missing item data were evident and
imputed according to the procedure described above, with the vast
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majority of participants (ranging from 98.0 % of participants for the SBQ
to 99.9 % for the ASRM) completing at least 80 % of the total number of
items for each questionnaire. Completion rates >80 % of all items was
similarly high for all COH-FIT domains (ranging from 97.1 % for COH-
FIT post-traumatic domain to 99.0 % for COH-FIT anxiety domain).

Data screening found no out-of-range values. Histograms of full-
length validation scales and COH-FIT domains are shown in Supple-
mentary Fig. 1 and reveal some negative skew in several validation
items, as would be expected, given the non-clinical population. How-
ever, given the high sample size and that the skew was generally in the
same direction for a COH-FIT validation scale domain, we did not
attempt to normalise data, as the sampling distribution from which
confidence intervals are derived should exhibit normality, given the
tenets of the central limit theorem (Lohr, 2010).

3.2. Sample demographics and validation sample representativeness

Demographic characteristics of both the entire survey sample and
those who completed the validation sample are provided in Table 1. To
assess representativeness of the validation sample to the wider survey
population, demographic characteristics for each sample were reported,
suggesting that the validation subset provides a broadly representative
sample of the survey population.

3.3. Concurrent validity

Across all COH-FIT items, only one item exhibited a correlation co-
efficient < 0.20, namely the “mood swings” item from the COH-FIT
bipolar disorder symptom domain (r = 0.05 with the ASRM). This
item was therefore not included in the scoring of the COH-FIT bipolar
disorder symptom domain.

Fig. 1 and Supplementary Table 1 show the correlation between
COH-FIT domains and relative validation questionnaires. Overall, all but
the COH-FIT bipolar disorder and OCD symptom domains met our
threshold of r > 0.50. As can be seen in Supplementary Figs. 2-3, the
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Sample demographics.

Validation sample” (N =

Total Survey sample (N =

22,456) 153,876)
Gender Female 69 % Female 67 %
Male 30 % Male 32 %
Other or not stated <1 % Other or not stated <1 %
Age 42.5 years (SD = 15.0) 40.8 years (SD = 15.6)
Ethnicity White 78 % White 69 %
Asian 10 % Asian 20 %
Mixed 1 % Mixed 4 %
Hispanic 1 % Hispanic 3 %
African/African-descent <1 % African/African-descent 3 %
Other <1 % Other 1 %
Not stated 9 % Not stated <1 %
Education  None <1 % None <1 %
Primary school 2 % Primary school 3 %
High school 25 % High school 29 %
College/university degree 64 %  College/university degree 59 %
PhD 8 % PhD 9 %
Job Status  Current paid job 65 % Current paid job 62 %

No paid job 35 %

No paid job 38 %

@ This consisted of those completing the anxiety domain (COH-FIT anxiety and
GAD-7). Similar demographic distributions were observed for other domains.

associations between COH-FIT ratings and external scale scores were
generally highly consistent across language translations for each domain
(see Supplementary Table 2 for detailed reporting of correlation
coefficients).

3.4. P-score

As the OCD and bipolar disorder symptom COH-FIT domains did not
meet our criteria for acceptable concurrent validity, these were not
considered as candidate P-Score domains and therefore excluded from
exploratory factor analysis (EFA). Complete data across remaining do-
mains was available for N = 103,529, and this data set was randomly
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Fig. 1. Pearson’s correlation of COH-FIT domain (x-axis) and validation questionnaire (y-axis) measures for each of the COH-FIT domains.

256



M. Solmi et al.

Journal of Affective Disorders 326 (2023) 249-261

Table 2
COH-FIT items and loading matrix of P-Score in exploratory factor analysis.

COH-FIT items* Anxiety  Depression  PTSD Psychosis  Psychophysiologic

Anxiety - over the last two weeks, how often have you been bothered by any of the following problems

Feeling nervous, anxious, or on edge? [anxiety01] 0.88 0.01 —0.01 0.00 0.05

Not being able to stop or control worrying? [anxiety02] 0.71 0.10 0.09 0.05 —0.02

Depression - over the last two weeks, how often have you been bothered by any of the following problems

Little interest or pleasure in doing things? [depression01] —-0.01 0.96 —0.02 0.00 0.00

Feeling down, depressed, or hopeless? [depression02] 0.14 0.69 0.08 0.01 0.06

PTSD - in the last two weeks, how much have you been bothered by any of the following problems, related to a stressful life experience

Repeated disturbing memories, thoughts, or images, or dreams of the stressful experience? [ptsd01] 0.01 0.01 0.86 —0.04 0.05

Suddenly acting or feeling as if the stressful experience was happening again (as if you were reliving it)? —-0.01 —-0.01 0.93 0.03 —0.04
[ptsd02]

Avoiding thinking about, or talking about, or having feelings related to, or avoiding engaging in activities or 0.00 0.02 0.84 0.00 0.01
situations that remind you of the stressful experience? [ptsd03]

Being “super alert” or watchful or on guard? [ptsd04] 0.17 —0.02 0.47 0.06 0.09

Psychosis

In the last two weeks, how much did you experience any of the following: i) believe that you seem to live —0.05 0.03 0.12 0.60 0.04
through events exactly as they happened before (déja vu), ii) believe that someone is out to get or harm you
on purpose, iii) believe that your thoughts or actions are not your own; iv) see special meanings in
advertisements, shop windows, or in the way things are arranged around you, v) believe that you have a
very important special purpose or mission in life that others can’t understand.? [delusional]

In the last two weeks, how much did you hear, see, smell, taste or feel things that other cannot? 0.03 -0.01 -0.04 0.83 —0.01
[hallucination]

Psychophysiologic

In the last two weeks, how much have you experienced sleep problems (difficulty falling or staying asleep, 0.05 0.05 0.08 0.09 0.49
early morning awakening)? [sleep]

How difficult has it been for you to concentrate or focus, in the last two weeks? [focus] -0.11 0.13 0.03 0.05 0.70

How stressed have you felt in the last two weeks? [stress] 0.14 —-0.05 0.01  -0.03 0.74

P-score: compute the mean item score for each of the 5 domains and then average to create an overall P-score

(0-100)

Legend. COH-FIT, Collaborative Outcomes study on Health and Functioning during Infection Times; PTSD, post-traumatic stress disorder; *all COH-FIT items were

0-100 VAS scale.

divided into a testing (N = 51,629) and validation (N = 51,900) subsets.

Horn’s parallel analysis (Horn, 1965) for the remaining COH-FIT
domains (anxiety, depression, PTSD, psychosis, sleep, focus and stress)
was conducted, on the testing subset, with results showing that five first-
order factors were retained (Supplementary Fig. 4). COH-FIT item de-
scriptions text, details on how to compute the COH-FIT P-score, and
results of the EFA with five extracted factors are presented in the pattern
matrix in Table 2 and show all item-factor loadings >0.45 with no
complex loadings. Correlations between factors were largely moderate
(mean r = 0.58, range = 0.27 to 0.77), and factor structure was largely
consistent with the individual COH-FIT domains, with sleep, focus and

stress loading together on a distinct “psychophysiologic” factor
(Table 3).

CFA on the validation set using a model, which included the 5 factors
identified by EFA along with a single general factor, suggested a good
model fit, with all fit indices satisfying the predefined thresholds, i.e.,
CFI = 0.98, RMSEA = 0.053, SRMR = 0.028. High indicator-factor
loadings for domain-specific factors (0.66 to 0.94) were also observed,
with high loadings of the P-score factor onto the five domain-specific
factors (Fig. 2), consistent with the existence of a general common fac-
tor and supporting the aggregation of all domain scores to a general P-
score. Unstandardized loadings, standard errors and p-values for the CFA

Table 3
Reliability estimates for general and domain-specific factors.
Anxiety Depression PTSD Psychosis Psychophysiologic P-score
Omega 0.86 0.91 0.90 0.71 0.78 0.95
Alpha 0.86 0.91 0.90 0.70 0.78 0.93
0.89 0.89 0.78 0.51 0.94
@ @ PTSD @ Psychophysiologic
0.88 0.87 0.88 0.94 0.90 /0.90 10.86 - 0.66 0.78 . 0.69 0.67 10.75 ~.0.80
anxiety01l | anxiety02 ‘ depression01 ‘ depression02 ‘ ‘ ptsd01 ‘ ‘ ptsd02 ‘ ‘ ptsd03 ‘ ‘ ptsd04 ‘ ‘ delus ‘ halluc sleep ‘ ‘ focus stress

Fig. 2. Factor structure of the composite psychopathology P-Score from confirmatory factor analysis.
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are presented in Supplementary Table 3.

Overall and individual internal scale reliabilities, estimated through
o and o coefficients, are shown in Supplementary Table 5 and suggest
good reliability for the five domain-specific factors and excellent reli-
ability for the composite P-score factor, with values above 0.70-0.80
(most commonly used as thresholds for good reliability)(Lance et al.,
2006).

3.5. P-score measurement invariance

Adequate model fit of the general factor model continued to be
demonstrated when CFA was conducted separately in male (CFI = 0.97,
RMSEA = 0.067, SRMR = 0.045) and female (CFI = 0.97, RMSEA =
0.061, SRMR = 0.044) subsamples, as well as across age groups of
18-39 years (CFI = 0.96, RMSEA = 0.067, SRMR = 0.051), 40-64 years
(CFI = 0.97, RMSEA = 0.065, SRMR = 0.046) and 65+ years (CFI =
0.98, RMSEA = 0.056, SRMR = 0.040).

Factor loadings for each of these subgroups are shown in Supple-
mentary Table 4 and appear to be generally closely equivalent across
groups.

Measurement invariance tests results are shown in Supplementary
Table 5. All ACFIs < 0.002 for sex suggest little appreciable degradation
in model fit with each increasingly restrictive constraint. For age, some
degradation in model fit was shown for factor loading invariance (CFI <
0.002), and intercept invariance (CFI = 0.004). Nevertheless, absolute
model fit indices retained acceptable fit for all invariance models for
both age and sex groups.

4. Discussion

Results of this validation study show that the selected individual
COH-FIT items are valid, providing reliable estimates of individual
mental health domains assessed with lengthier validated scales. The
selected and implemented COH-FIT items that survive the stricter val-
idity threshold compose a P-score that is internally valid, representing
one second order factor (P-score), and five first order factors (anxiety,
depression, and post-traumatic, psychotic, and psychophysiologic
symptoms). An overall P-score could therefore be computed simply as an
average of the five domain scores (to give a possible range of 0 — 100) or
represented within a structural equation model using the same hierar-
chical structure.

The translation process of the COH-FIT study proved to be solid, and
responses recorded in different COH-FIT study languages can be reliably
put together within or across countries.

Several reasons might explain why the bipolar and obsessive-
compulsive disorder symptom domains did not meet our validity
threshold. Regarding bipolar symptoms, manic symptoms have a low
prevalence even in patients with bipolar disorder. For instance, over a
follow-up of 11 years, only 4 % and 0.4 % of subjects with bipolar dis-
order type I and II, respectively, showed clinically relevant manic
symptoms (Fiedorowicz et al., 2009). Hence, these symptoms might be
too infrequent to be captured. Moreover, ASRM’s specificity is not high
with regards to mild manic or hypomanic symptoms, which are expected
to be more frequent in the general population (Fiedorowicz et al., 2019).
We chose ASRM as there is currently no comparison of psychometric
performances of questionnaires to assess manic symptoms in the general
population (i.e. no gold standard). Regarding obsessive-compulsive
symptoms, the COVID-19 pandemic has certainly elevated the in-
tensity and frequency of thoughts about and, even, preoccupations with
contamination, infection, cleanness, and related behaviours to prevent
and avoid COVID-19 infection. Such thoughts and behaviours, which are
functional, adaptive, and physiologic during infection times, might have
altered the psychometric properties of the full-length validated ques-
tionnaire, as well as of the corresponding abbreviated OCD COH-FIT
item domain. A systematic review focusing on OCD during the COVID-
19 pandemic reported a discrepancy in frequency of OCD between in-
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person versus online studies, with the latter reporting higher rates of
OCD, possibly indicating poorer psychometric performance of estab-
lished tools to screen for OCD during the COVID-19 pandemic and/or
using questionnaires (Guzick et al., 2021). Moreover, a more recent
scoping review described that obsessive-compulsive symptoms in the
general population were associated with trait compulsivity and
pandemic-related-stress (Grant et al., 2022), which can confound
symptom assessment and impact the validity of the COH-FIT domain
extracted from the entire BOCS. Whether the lack of validity of OCD self-
ratings affects the full validated questionnaire during time of a pandemic
goes beyond the scope of this work, which mainly aims to validate COH-
FIT questionnaire and not to test validity of full-length established valid
questionnaires for which clinical interviews to diagnose manifest OCD
would be needed.

Results are methodologically relevant, as they show that few specific
items can be extracted from validated questionnaires for many relevant
psychopathology domains and still reliably measure the whole domain
that the complete questionnaire is measuring. The complete PHQ-9 is
certainly superior in providing a more detailed and specific symptomatic
profile compared with two COH-FIT items. Few items provide a less
granular insight of individual symptoms of depressed mood, for
instance. However, the PHQ-9 still cannot provide measures of syn-
dromal DSM-5 defined disorders, since it is a self-report measure. Thus,
unless each of the nine symptoms of the PHQ-9 needs to be assessed to
test a specific hypothesis, fewer items might be a good trade-off between
minimum required validity and broadness of an overall mental health
assessment performed in future surveys.

Furthermore, results of this study clearly show that multi-language
translations of online surveys, scaling them up from local to global
surveys are feasible and valid. Beyond broadening the target population
internationally, having a multi-language survey within a given country
is also of value for inclusivity and representativeness. Selection bias
invariably affects online surveys, for instance just because of their online
nature (not everybody has access to/is familiar with internet), and in
particular if convenience sampling is adopted. Selection bias can be
counterbalanced by also collecting nationally representative samples via
polling agencies, but still, if the survey is available in one language only,
those not fluent in the country’s main language will be left behind, will
not answer, or will provide unreliable responses.

In this study, we applied the gold-standard psychometric procedure
for internal and external validation of a questionnaire, namely explor-
atory factor analysis, and confirmatory factor analysis, measured in-
ternal consistency, and tested concurrent/external validation with
validated questionnaires. Similar methodologically strict approaches
have been used in some but not all (online) surveys conducted during
COVID-19. However, most of these scales focused on only one psycho-
pathological domain, or specifically focused on COVID-19, making these
questionnaires very specific for the current pandemic setting, but less
applicable to future public health crises or infection times. Examples of
such new scales developed during the COVID-19 pandemic are the “fear
of COVID-19 scale”(Martinez-Lorca et al., 2020), the “COVID-19 anxiety
scale”(Chandu et al., 2020), the “Coronavirus Anxiety Scale”(Lee et al.,
2020), COVID-19 Public Stigma Scale (Nochaiwong et al., 2021),
COVID-19 Exposure and Family Impact Scale (Kazak et al., 2021),
COVID-19 Protective Motivation Scale (Cornejo et al., 2021), and a
questionnaire on fear of COVID-19 vaccination in the general population
(Kumari et al., 2021), to mention a few. Among these aforementioned
and many more examples of COVID-19 focused questionnaires that
underwent psychometric validation, one stands out as broader and
measuring multiple mental health domains, namely the COVID-19
Pandemic Mental Health Questionnaire (CoPaQ)(Rek et al., 2021).
CoPaQ measures COVID-19-specific stressor impact, mental health
impact, positive coping, institutional and political trust, and conspiracy
beliefs, actually going beyond mental health. However, important dif-
ferences exist between CoPaQ and COH-FIT. First, within the mental
health domain, CoPaQ considered PTSD symptoms, sleep disturbance
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(both part of the broader COH-FIT P-score), and also substance abuse.
COH-FIT deliberately avoided measures of externalizing behavior in the
P-score, a priori assuming that to properly assess such a domain, in-
person assessment and collateral information would be crucial. Results
of the methodologically sound CoPaQ validation analyses show that
substance abuse was poorly correlated with mental health-validated
questionnaires (correlation coefficients all below 0.3), confirming that
including externalizing symptom- or behavior-related proxy measures in
online surveys can be problematic. These results are not surprising,
given the evidence of low reliability of questionnaires for the mea-
surement of externalizing behaviours (Dirks and Boyle, 2010). Second,
authors did not extract CoPaQ items from validated questionnaires, but
created COVID-19-specific questions. Notwithstanding the high speci-
ficity and value of CoPaQ during COVID-19, such a methodological
approach resulted in overall low correlations of CoPaQ mental health
domains with validated questionnaires (all correlation coefficient below
0.5), limiting the applicability of CoPaQ outside of the COVID-19
pandemic.

Results of this present study need to be interpreted in the light of its
strengths and limitations. One strenght is that our approach at least
mitigated some of the most frequent biases of online surveys (Lin et al.,
2021), and subjective reported experiences (Bull et al., 2019), namely
selection bias (by including representative samples, and by comparing
characteristics of validated questionnaire completers versus non-
completers showing no material demographic differences), short data
collection duration (continuous data collection-currently over two
years), small sample size (including >150,000 adult study participants
as of May 2022, including 22,456 adults who also completed the vali-
dated questionnaires), and by testing and verifying internal and con-
current validity of the selected items and questionnaires (across
languages). A limitation is that, for the P-score, we only considered
internalizing symptoms and thought disorder, but did not include
externalizing symptoms or behaviours. As stated above, this decision
was deliberate (see design papers) (Solmi et al., 2022¢, 2022b), and
accounts for poor validity of measures of externalizing behaviours in the
context of surveys (Dirks and Boyle, 2010). Additional limitations are
inherent to its cross-sectional design. However, participants were at
least asked to retrospectively recall key assessed outcomes at the time
just before the pandemic started, in order to compare outcomes before
and during the pandemic. While this methodology is vulnerable to recall
bias, we at least mitigated the big risk of large attrition in prospective
cohort studies. Another limitation for the comparability with other work
is that the P-score that we validated in this study parallels the P-factor
construct, yet there are some differences. First, the P-factor encompasses
externalizing symptoms, P-score does not. As mentioned above, this
decision was deliberate. Beyond limited external validity of surveys
measures of externalizing behaviours, the current pandemic introduces
a global quasi-experimental scenario, with a large drop in several
externalizing behaviours, including crime (Ejrnas and Scherg, 2022;
Nivette et al., 2021), and heterogeneous changes of substance (ab)use,
and related intoxications, which vary across settings with different
lockdown policies. For instance, in the US, where milder lockdown re-
strictions were implemented, intoxication and overdose emergency
presentations increased (Chandran et al., 2021), while in other settings
with stricter lockdown policies substance use did not increase, or
decreased (Armstrong et al., 2022; Mason et al., 2022). Hence, while
COH-FIT did collect data on substance use and/or domestic violence, we
opted not to consider those outcomes as part of the P-score, which is why
we did not validate related COH-FIT items. Secondly, COH-FIT models
the P-score as an outcome, with a specific quantifiable score, psycho-
metric properties, conceiving it as a measure of mental health, rather
than only as a vulnerability factor measuring additional risk of devel-
oping or worsening mental disorders (Caspi and Moffitt, 2018). We
acknowledge that, to test the P-score as a transdiagnostic vulnerability
factor for different mental disorders, future studies will be needed,
which should account for structured a priori transdiagnosticity
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assessment frameworks (Fusar-Poli et al., 2019), and appropriate
prognostic or prediction study designs. Such studies should be cohort
studies measuring the P-score at baseline and following-up in partici-
pants over time, measure prognostic accuracy, discrimination perfor-
mance, each in development, internal, and external validation samples
(Meehan et al., 2022; Salazar de Pablo et al., 2021).

Despite these limitations, in COH-FIT we were able to develop and
validate across multiple languages and in a reasonably large sample a P-
score consisting of multiple clinically relevant internalizing symptom
domains that should prove useful for research during the current COVID
pandemic and other crisis situations affecting mental well-being and
functioning.

In conclusion, COH-FIT is a valid tool to measure clinically relevant
domains of mental health during infections times, which is available in
30 languages and provides a measure of overall mental health via a
composite P-score. These results are relevant for the use of the P-score in
forthcoming analyses and publications from the COH-FIT study but also
for other questionnaire studies in the future. Whether the P-score re-
flects current psychopathology, or also increased vulnerability for
mental disorders, or both, needs to be clarified in additional longitudinal
studies.
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