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Measurement invariance and cognitive performance of the CANTAB in the SSD

Measurement invariance and cognitive performance of the Cambridge Neuropsychological
Test Automated Battery (CANTAB) in patients with early and later phase of the
schizophrenia spectrum disorders compared to control subjects

Abstract

The aim of this study was to use selected CANTAB subtests to investigate the structure of
cognitive abilities among the early phase of the schizophrenia spectrum disorders (E-SSD),
the later phase of the schizophrenia spectrum disorders (L-SSD), and the entire clinical
sample compared to the control subjects. A total of 97 E-SSD patients, 102 L-SSD patients
and 188 control subjects were administered six CANTAB subtests of cognitive functioning.
To use the most appropriate level of analyses, we first identified the factor structure of
selected CANTAB subtests. Multi-group CFA (MG-CFA) was used to test the measurement
invariance of factors between groups. General linear models (GLMs) were used to evaluate
the nature and severity of cognitive dysfunction among the patients compared to the controls.
CFA models fitted almost all data well, except for the young controls. In MG-CFAs the
subtest scores corresponded to different latent trait levels indicating that the comparison of
mean latent scores between most of the subsamples is meaningless. At subtest score level the
patients exhibited extensive cognitive dysfunction when compared with the control subjects (p
<.001). Current study demonstrates that the patients exhibit widespread cognitive dysfunction
and that the structure of underlying cognitive abilities is not the same for the clinical sample
compared to the control sample as well as for the E-SSD compared to the younger control

subjects.

Keywords: CANTAB, cognitive function, early phase of the schizophrenia spectrum
disorders, later phase of the schizophrenia spectrum disorders, measurement invariance
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Neuropsiihholoogilise testi CANTAB mddtmise invariantsus ja kognitiivse sooritusprofiili
vordlus varajases ja kroonilises skisofreeniaspektri hiire faasis olevate patsientide ning
kontrollisikute vahel

Kokkuvote

Kéesoleva t66 eesmérk oli CANTAB allteste kasutades hinnata kognitiivsete vdimete
struktuuri varajases skisofreeniaspektri hdire faasis (E-SSD) olevatel patsientidel, kroonilises
skisofreeniaspektri hédire faasis (L-SSD) olevatel patsientidel ja kogu Kliinilisel valimil
vorreldes kontrollisikutega. Uheksakiimne seitsme E-SSD patsiendi, 102 L-SSD patsiendi ja
188 kontrollisiku kognitiivset funktsiooni hinnati kuut CANTAB alltesti kasutades.
Eesmirgiga kasutada kdige sobivamat statistiliste analiiiiside taset selgitati esmalt vélja
CANTAB alltestide faktorstruktuur. Md&tmise invariantsust (MI) testiti mitme-grupi
kinnitava faktoranaliiiisiga (MG-CFA). Patsientide kognitiivse diisfunktsiooni ulatuse
hindamiseks vorreldes kontrollisikutega kasutati {ildisi lineaarseid mudeleid (GLM).
Kinnitava faktoranaliiiisi (CFA) mudelid sobitusid enamusele alagruppidele, vilja arvatud
noortele kontrollisikutele. MG-CFAs vastasid alltestide skoorid erinevatele latentsetele
tunnustele viidates, et keskmiste skooride vordlemine enamik alagruppide vahel on
ebamdistlik. Vorreldes kontrollisikutega omasid patsiendid alltestide skoorides ulatuslikku
kognitiivset diisfunktsiooni (p < .001). T66 tulemused osutavad, et patsiendid omavad
ulatuslikku kognitiivset diisfunktsiooni ja et kliinilise valimi ja kontrollisikute ning E-SSD ja

noorte kontrollisikute kognitiivsete voimete aluseks olev struktuur ei ole samasugune.

Mairksdnad: CANTAB, kognitiivsete voimete struktuur, skisofreeniaspektri hiire, mdotmise
invariantsus
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Introduction

Cognitive dysfunction has been widely observed in schizophrenia spectrum disorders
(SSD). It has been characterised as one of the key features in the SSD population. It is shown
that cognitive dysfunction is exhibited in the early stages of the illness and is present even
before the first psychotic episode (Sheffield et al., 2018). Cognitive dysfunction in the SSD
tends to be relatively persistent during and after the treatment (Mucci et al., 2017) and it also
tends to be more independent of symptomatic state than the dysfunction seen in other
neuropsychiatric disorders (Keefe & Fenton, 2007). Schizophrenia is believed to be a disorder
of abnormal neurodevelopment, which might be responsible for the cognitive dysfunction in
the SSD (Tripathi et al., 2018). The changes in the structure and in the function of the brain
neuronal networks in schizophrenia can be explained as the cumulative effect of change in
neuroplasticity, neurodevelopmental abnormality, and alteration in neuronal maturation
(Gourion et al., 2004).

In general, the SSD patients perform 1.5 to 2.0 standard deviation below control
subjects on a variety of cognitive ability assessment tests (Nuechterlein et al., 2004).
Comparison of the cognitive performance of an early phase of the schizophrenia spectrum
disorders (E-SSD) and the later phase of the schizophrenia spectrum disorders (L-SSD)
allows to assess whether cognitive dysfunction appears through a degenerating process
following an E-SSD or is dysfunction already present when the psychosis emerges (Sheffield
et al., 2018). Meta-analysis (Mesholam-Gately et al., 2009) across 47 studies of over 2000
first-episode patients has shown medium-to-large dysfunction across 10 cognitive domains.
Mesholam-Gately et al. compared these results with the L-SSD patients, and it was found that
the impairment pattern was quite similar to the dysfunction found in the E-SSD patients. The
effect size for the E-SSD patients ranged from -.64 to -1.20 and for the L-SSD patients the
effect size ranged from -.46 to -1.41. Therefore, data indicates that broad cognitive
dysfunction is relatively stable during the course of the SSD (Sheffield et al., 2018;
Heilbronner et al., 2016). In contrast, there are studies which have reported that the cognitive
dysfunction may become more severe in the L-SSD (Wu et al., 2016) and that the magnitude
across cognitive dysfunctions varies in the E-SSD patients compared to the L-SSD patients
(Braw et al., 2008). Braw et al. (2008) found that chronic SSD patients are significantly more
impaired with dysfunction related to pattern memory, psychomotor speed, and executive
functions. Therefore, more research on the question about the evolution of cognitive

dysfunction over the course of the SSD is needed.
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The most common cognitive deficits in the SSD are associated with attention, working
memory, memory, problem solving, and processing speed. Factor analytic studies have shown
that there might be a broad mechanism that represents the cognitive dysfunction seen in the
SSD, which appears in one-factor solution (Barch & Ceaser, 2012; Dickinson et al., 2006).
However, there are also studies that have found up to seven separable dimensions
representing the cognitive dysfunction in the SSD (McCleery et al., 2015; Nuechterlein et al.,
2004). The reason for that could be in the number of cognitive functioning assessment tests
included and in the variety of conceptualizations of the latent structure of cognition proposed
in the SSD (McCleery et al., 2015). Therefore, the question about the underlying mechanism
of the cognitive dysfunction in the SSD population remains a matter of interest.

There are studies that have investigated the differences in cognitive functioning
between the E-SSD patients and the L-SSD patients (e.g. Sheffield et al., 2018; McCleery, et
al., 2014), but to the best of our knowledge, there are no studies that compare the structure of
cognitive abilities among the E-SSD patients and the L-SSD patients using the Cambridge
Neuropsychological Test Automated Battery (CANTAB; Robbins & Sahakian, 1994;
Sahakian & Owen, 1992), especially on the Estonian SSD population. Haring et al. (2015)
presented an idea that the cognitive differences between clinical sample and control subjects
may not be only related to general levels of cognition but there may also be structural
differences. Thus, it is important to investigate if the cognitive dysfunction change in the
course of the illness and whether there may be structural differences underneath it.

The aim of the current study was to investigate the structure of cognitive abilities
among patients with the E-SSD, the L-SSD and the entire clinical sample compared to the
age-matched control subjects. Some of the E-SSD patients and matched younger control
subjects (Y-CS) participating in this study have previously been included to our research
group prior measurement invariance (MI) study (Haring et al., 2015). We extended present
study by including the L-SSD patients and their age-matched older control subjects (O-CS) to
investigate the cognitive performance of the SSD patients in the different stages of the illness
in order to gain better understanding of the nature of the dysfunction seen in the SSD. Our
study was based on the CANTAB, which has been widely used over the last decades to assess
neurocognitive dysfunction in the SSD (Levaux et al., 2007; Pantelis et al., 1997). We
selected six CANTAB tests (paired associates learning, PAL; spatial span, SSP; spatial
working memory, SWM; Stockings of Cambridge, SOC; intra/extra-dimensional shift, IED;
and rapid visual information processing, RVP) in order to reflect a broad spectrum of

cognitive function among the sample.
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In cognitive functioning studies, the age of the participant is an important factor
because of the normal age-related cognitive change. Normal aging is associated with
impairments in the cognitive processes (Morrison & Baxter, 2012). Therefore, it is necessary
not only to assess the cognitive functioning among the whole clinical sample but also to
assess the cognitive functioning separately in the early phase of the illness and the later phase
of the illness. Besides investigating the participant scores on cognitive functioning assessment
measures, it is important to examine the internal structure of the cognitive processes. In other
words, if we intend to understand the cognitive dysfunction seen in the SSD, it is necessary to
investigate the nature of the dysfunction. One way of meaningfully compare the results of
measures between different groups is establishing the M1 (Wicherts, 2016). Ml allows to
examine whether the results of patients from different stages of illness as well as in different
age groups, can be interpreted in a similar way (Lee, 2018; Bialosiewicz et al., 2013). It is
important to understand the basic principles of Ml testing to produce more comprehensive and
applicable results in research and in clinical practice (Lee, 2018). To test Ml across the
subjects from various subsamples, a multigroup confirmatory factor analysis (MG-CFA)
should be conducted (Milfont & Fischer, 2010). MG-CFA is an extension of the typical CFA.
In MG-CFA, the researchers divide the data set into groups, determine the model fit for each
group separately and conduct the multi-group comparisons (Bialosiewicz et al., 2013).
Establishing the M1 in the E-SSD patients compared to the Y-CS and in the L-SSD patients
compared to the O-CS is important because it helps to assess whether the cognition may
qualitatively differ between the selected subgroups. The Ml testing is typically conducted in
three phases: the configural invariance testing, the metric invariance testing, and the scalar
invariance testing. Thus, the Ml testing is relevant addition to the statistical analyses helping
to increase the validity of the research (Lee, 2018).

In line with previous literature, we hypothesised that MI would not be supported
between the clinical sample and the control sample. In addition, we investigated whether the
CANTAB subtest scores correspond to different latent trait levels in the E-SSD subgroup
compared to the Y-CS and in the L-SSD subgroup compared to the O-CS. We also
hypothesised that patients would have significantly poorer cognitive performance in the
selected CANTAB tests compared to the control subjects and that the structure of cognitive
dysfunction in an E-SSD subgroup might be quite similar compared with the structure of

cognitive dysfunction in an L-SSD subgroup.
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The author of the present study contributed by sample gathering, organising, and
analysing the data, doing systematic literature search and synthesis of the previous
publications, and writing the thesis.

Method
Participants

The overall sample of the study was 344 individuals from whom 45.3% were included
in the clinical sample (N = 156) and 54.7% were included in the control sample (N = 188).
The clinical sample was recruited from the Psychiatry Clinic of Tartu University Hospital,
Estonia and consisted of SSD in-patients or outpatients (53.2% males). Ninety-seven patients
from the clinical sample (aged between 18 and 45 years) were recruited with the E-SSD and
102 patients (aged between 18 and 65 years) were recruited with the L-SSD. In the L-SSD
subgroup 43 patients were included from the E-SSD subgroup because their illness had been
monitored over 5 years (therefore we could use longitudinal data for the analyses). The mean
clinical sample age was 33.1 years (SD = 11.7, range 18-65 years) and 92.3% were right-
handed. In the clinical sample, the mean years of education was 13.2 (SD = 2.7, range 8-21
years). The E-SSD subgroup fulfilled the following inclusion criteria: aged between 18 and 45
years; admitted for the first time to hospital for psychotic disorder (fulfilment of ICD-10
diagnoses F20 — F29). In the E-SSD subgroup the diagnoses were F23 (N = 68), F20.09 (N =
21),F20.39 (N=2), F25 (N =2), F20.29 (N=1), F21 (N =1), F22 (N=1), and F28 (N = 1).
The L-SSD subgroup fulfilled the following inclusion criteria: aged between 18 and 65 years;
experience of a chronic phase of the SSD. In the L-SSD subgroup the diagnoses were F20 (N
=79), F25 (N = 20), F22 (N = 2), and F29 (N = 1). Diagnoses were based on a clinical
interview according to the tenth revision of the International Classification of Diseases, ICD-
10 (World Health Organization, 1992) criteria and medical chart review. When recruited, all
patients were on antipsychotic treatment. The patients were in a stable phase and were capable
of taking part of the study.

A sample of control subjects (N = 188, age range 18-69 years, 41.5% males) was
recruited by advertisement from a similar geographical area. The mean age of the control
subjects was 29.1 years (SD = 11.1) and 95.7% were right-handed. In the control sample, the
mean years of education was 14.1 (SD = 2.3, range 9-19 years). Due to the mean age
difference between the E-SSD and the L-SSD group members, we decided to divide the
control sample into the Y-CS, N = 91 and the O-CS, N = 97. The mean age of the Y-CS was
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21.5 years (SD = 1.8, range 18-25 years) and 94.5% were right-handed. The mean age of the
O-CS was 36.2 years (SD = 11.4 range 23-69 years) and 96.7% were right-handed. Exclusion
criteria for the control subjects included the presence of mental disorder and the presence of
psychotic disorder among close relatives.

Exclusion criteria included problematic drug use, neurological disorders, presence of
organic brain disease, mental retardation, significant learning disorder, major sight and
hearing impairment or physical conditions severe enough to interfere with cognitive
performance. All participants were required to speak the Estonian language. All participants
gave written informed consent to participate in the study and did not receive compensation.
Ethical approvals (no. 252/M-31; no. 176/T4; no. 177/T-2; no. 211/M-22; no. 96/16) were

granted by the Ethics Review Committee on Human Research, University of Tartu, Estonia.

Figure 1

Sample Scheme

Overall sample

(N=344)
Clinical sample Control sample
(N=156) (N=188)
Early phase of Later phase of the Younger Older control
the schizophrenia schizophrenia control subjects
spectrum spectrum subjects (0-Cs)
disorders disorders * (Y-CS) (N=97)
(E-SSD) (L-SSD) (N=91)
(N=97) (N=102)

Note. *43 patients were included from the E-SSD subgroup. Patients cognitive functioning had been assessed
twice. First assessment took place when patients were in the E-SSD and second assessment took place 5.3 years

later, when patients were in the L-SSD.
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Measures and procedures

For the current study, we chose six tests from CANTAB. The CANTAB is
computerized neuropsychological assessment measure, which subtests have demonstrated
great responsiveness in detecting changes in neuropsychological functioning and are known to
correlate to neural networks (Cambridge Cognition, 2021). From the attention and
psychomotor speed tasks we used Rapid Visual Information Processing A" (RVP). The RVP
measures sustained attention. A prime assesses how good is the subject at detecting target
sequences. From memory tasks we used Paired Associates Learning First Attempt Memory
Score (PAL) and Spatial Span Forward Span Length (SSP). The PAL assesses visual memory
and new learning. It measures how many times the subject choses the right box on their first
attempt while recalling the pattern locations. The SSP assesses visuospatial working memory
capability. For PAL and SSP, higher score indicated better performance. From executive
functions, we used Intra-Extra Dimensional Set Shift EDS Errors (IED), Spatial Working
Memory Between Errors (SWM) and Stockings of Cambridge Problems Solved in Minimum
Moves Total (All moves) (SOC). The IED measures attentional set formation maintenance,
visual discrimination, and attention flexibility with the quantity of trials for which the
subject’s outcome was an incorrect response. The SWM measures subject’s strategy and
working memory errors. It measures the quantity of times the subject incorrectly revisits a box
from a token has previously been found. The outcome is calculated across four, six and eight
token trials. For IED and SWM, higher score indicated worse performance. The SOC
measures the subject’s ability to use problem-solving strategies when matching two sets of
stimuli. The outcome is the quantity of successfully completed problems in the minimum
possible number of moves. It is calculated over all assessed trials. For SOC, higher score
indicated better subtest outcome. For further information, see the CANTAB® website
(http://www.cambridgecognition.com).

The tests we chose are sensitive to detect participant performance profile peculiarity in
the SSD (Barnett et al., 2010; Robbins, 2005). All used tasks are computerized and were run
on a personal computer with a high-resolution touchscreen. The CANTAB tests use non-
verbal stimuli. Instructions were given in Estonian from a translation of the CANTAB test
manual. The task administration took about one hour. If participants needed, they were

offered short breaks during the testing.
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Statistical analyses

First, we examined all groups in terms of patients and controls demographic
characteristics using an independent samples t-test for continuous variables and unpaired two-
sample Wilcoxon test for not normally distributed data. We used Pearson’s chi-squared test to
analyse group differences by gender. Second, an analysis of the covariance structure of the
measured CANTAB subtests was performed using principal components analyses (PCAS).
We used parallel analysis to determine the most appropriate number of components. Because
the components were expected to be correlated, each PCA was followed by an oblique
(oblimin) rotation. Third, to see if PCA results were plausible reflections of latent cognitive
constructs, confirmatory factor analysis (CFA) was conducted. PCAs and CFAs were done
separately in the clinical sample, the control sample, the E-SSD subgroup, the Y-CS, the L-
SSD subgroup and the O-CS. Fourth, multi-group CFA (MG-CFA) was used to test the Ml
for assessing whether the mean scores of each group could be meaningfully compared. For
establishing M1, we tested a set of increasingly constrained structural equation models and
tested the differences between them (Putnick & Bornstein, 2016; van de Schoot et al., 2012).
The following models were tested: (1) the configural invariance model, with loadings and
intercepts free to vary across groups, but the same factorial pattern was specified for each
group; (2) the metric (weak) invariance model, with loadings constrained to be equal across
the groups; (3) the scalar (strong factorial) invariance model, with factor loadings and
intercepts constrained to be equal across the groups; (4) the residual (strict) invariance model,
with factor loadings, intercepts and residual variances constrained to be equal across the
groups. Differences in model fit were estimated using the »? difference test (Horn & McArdle,
1992), where a statistically significant (p <.05) Ay? indicated a difference in fit. As the 2
difference test is found to be too sensitive to small deviations (Chen, 2007), we additionally
estimated the difference between CFls (ACFI). We used a cutoff of -.002 for ACFI (more
constrained model minus less constrained model), meaning the change of smaller than or
equal to -.002 indicates that the null hypothesis of invariance should not be rejected (Meade et
al., 2008).

General linear models (GLMSs) were used to investigate group differences in subtest
scores between groups. One comparison was made with GLM repeated measures. Subtest
scores were standardized. In order to standardize the subtest scores, we calculated the mean
scores and standard deviations for the control sample, the Y-CS, the O-CS and for the 43
patients from the E-SSD and then determined the z scores for the clinical sample, the E-SSD,
the L-SSD and for the 43 patients from the L-SSD. In the GLMs we used reversed tests scores

10
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for IED and SWM because they measure the number of incorrect responses and therefore
higher score indicates worse performance. Age, gender and years in education were used as
covariates in comparisons of cognitive functioning. We used Cohen's d to describe the
standardized mean difference of an effect. Regarding to Cohen (1988) we interpreted the
effect sizes as small (d = .2), medium (d = .5), and large (d = .8). We elucidated effect size as
clinically meaningful at d = .3. We interpreted differences as statistically significant at p < .05
and not significant at p > .05 (Pearson, 1900). Statistical analyses were conducted using the R

Statistical software (R Development Core Team, 2020).

Results

For the means and standard deviations of participant age and years of education see
Table 1. In the control sample, age was not normally distributed. Wilcoxon test showed that
there was a significant difference (U = 11056, p < .001, d = -.43) between age in the clinical
sample compared to the control sample. The median age for the clinical sample was 29.6 and
for the control sample it was 25.1. There was a significant difference in the years of education
between the clinical sample and the control sample, t(342) = 3.32, p =.001, d = .36. The
number of participants by gender from the clinical sample compared to the control sample
was significantly different, * (1, N = 344) = 4.28, p < .05. For the E-SSD subgroup compared
to the Y-CS, there was a significant difference between age in the E-SSD subgroup and the Y-
CS, t(186) =-8.37, p <.001, d = 1.19. There was no significant difference in the years of
education between the E-SSD subgroup and the Y-CS, t(186) = 1.23, p = .22, d =.18. The
number of participants from the E-SSD subgroup compared to the Y-CS did not differ by
gender, x* (1, N = 188) = 2.64, p > .05. For the L-SSD subgroup compared to the O-CS, there
was no significant difference between age in the L-SSD subgroup and the O-CS, t(197) =
-1.1, p=.27,d = .16. There was a significant difference in the years of education between the
L-SSD subgroup and the O-CS, t(197) = 3.36, p < .001, d = .51. The number of participants
by gender from the L-SSD subgroup compared to the O-CS was significantly different, y? (1,
N =199) = 4.24, p < .05. Due to significant differences between the groups demographic data,

age and years of education were treated as covariates in subsequent analyses.
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Table 1

Means and Standard Deviations (SD) of Participant Age and Years of Education

Overall sample Clinical sample Control sample
Clinical Control E-SSD L-SSD  Y-CS 0-CS
sample sample
Variable Mean + SD Mean + SD Mean + SD
Adge 33.1+ 29.1+ 27.4 + 38.0+ 215+ 36.2 +
g 11.69 11.06 6.77 11.21 1.75 11.36
Years of 13.16 + 14.06 + 13.04+ 1327+ 1343+ 14.66 +
education 2.69 2.30 2.55 2.83 1.78 2.57

Note. E-SSD, early phase of the schizophrenia spectrum disorders; Y-CS, younger control subjects; L-SSD, later
phase of the schizophrenia spectrum disorders; O-CS, older control subjects.

PCA

The scree plot test and parallel analysis suggested using one component solution for
all groups. In all groups, six CANTAB subtest variables (PAL, IED, SOC, SSP, SWM, RVP)
defined a component representing general cognitive ability as the subtests tended to cluster
into one general cognitive functioning domain for all groups. The factor loadings for the
clinical sample were 0.44 — 0.81 and the factor loadings for the control sample were 0.37 —
0.69. The solution accounted for 45% of the total variance among the indicators in the patients
and 36% of the total variance among the indicators for the controls. The factor loadings for
the E-SSD subgroup were 0.26 — 0.81 and factor loadings for the Y-CS were 0.18 — 0.70. The
solution accounted for 39% of the total variance among the indicators in the E-SSD subgroup
and 31% of the total variance among the indicators for the Y-CS. The factor loadings for the
L-SSD subgroup were 0.59 — 0.82 and the factor loadings for the O-CS were 0.37 — 0.68. The
solution accounted for 53% of the total variance among the indicators in the L-SSD subgroup
and 38% of the total variance among the indicators for the O-CS. The mean item complexity

for all the groups and models was 1.

CFA

One-component model derived from the PCA results was converted to a latent trait
model for single-group CFAs. We executed the CFA for the clinical sample compared to the

12
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control sample, the E-SSD subgroup compared to the Y-CS, the L-SSD subgroup compared to
the O-CS as well as separate subgroups of controls and patients. All factor loadings were
significant at least p < .05 in each of the analyses. The one-factor model did not fit well for
the Y-CS (CFI = .886; RMSEA =.064), which indicates that this solution may not be the
most appropriate for this group. However, as the fit indices of the model were good for all

other subgroups (Table 2), we decided to continue with MG-CFA.
Table 2

Goodness-of-Fit Statistics for the Confirmatory Factor Analysis

2 (df) CEl RMSEA estimate

(90% Cl)
Clinical sample vs
control sample 12.603 (9) 0.993 0.035 (0.000-0.075)
(N=344)
Clinical sample
(N=156) 6.482 (9) 1.000 0.000 (0.000-0.072)
Control sample
(N=188) 6.115 (9) 1.000 0.000 (0.000-0.061)
E-SSD vs Y-CS
(N=188) 11.343 (9) 0.992 0.038 (0.000-0.096)
E-SSD
(N=97) 3.434 (9) 1.000 0.000 (0.000-0.018)
Y-CS
(N=91) 12.349 (9) 0.886 0.064 (0.000-0.144)
L-SSD vs O-CS
(N=199) 6.177 (9) 1.000 0.000 (0.000-0.060)
L-SSD
(N=102) 4.646 (9) 1.000 0.000 (0.000-0.060)
O-CS
(N=97) 5.772 (9) 1.000 0.000 (0.000-0.080)

Note. df, Degrees of freedom; CFI, comparative fit index; RMSEA, root mean square error of approximation; Cl,
confidence intervall; E-SSD, early phase of the schizophrenia spectrum disorders; Y-CS, younger control
subjects; L-SSD, later phase of the schizophrenia spectrum disorders; O-CS, older control subjects.

MI

The results of the MI testing are shown in Table 3. Comparing the clinical sample and
the control sample, the fit of the configural invariance model was good (y2 = 12.598, df = 18;
RMSEA = 0.000; CFI = 1.000). This justified the evaluation of more restrictive models. The
metric invariance was supported, as the equality of subtest loadings did not result in a
significant degradation of model fit (p = .130; ACFI <.001). The scalar invariance was not

13
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supported because of the significant degradation of the model fit (p =.002; ACFI = .051). As
scalar MI was not met, we discontinued the further invariance testing.

In the E-SSD subgroup compared to the Y-CS, the configural invariance was met, as
CFl and RMSEA indicated a good fit [y2 = 15.783, df = 18; RMSEA = .000; CFI = 1.000].
The metric invariance was also tenable (p = .472; ACFI < .001). However, the scalar
invariance was not supported, as constraining intercepts equal did yield a significant
degradation of the model fit (p = .015; ACFI = .072). As scalar MI was not met, testing for
stricter forms of MI was not justified.

In the L-SSD subgroup compared to the O-CS, the fit of the configural invariance
model was good [y2 = 10.418, df = 18; RMSEA = 0.000; CFI = 1.000]. The metric invariance
was also supported (p = .280; ACFI <.001), indicating that factor loadings were similar
across the L-SSD subgroup and the O-CS. The scalar invariance was also tenable as the
equality of the intercepts did not result in a significant degradation of the model fit (p = .682,;
ACFI < .001). We continued and tested the strict invariance as well, although this was not
met, as constraining the residual invariances resulted in significant degradation of the model
fit (p = .01, ACFI =.014).

The scalar noninvariance indicated that CANTAB subtest scores corresponded to
different latent trait levels, hence the comparison of mean latent scores between the clinical
sample and the control sample and between the E-SSD subgroup and the Y-CS is

meaningless.
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Table 3

Goodness-of-Fit Indices for Testing Measurement Invariance between groups with Multi-
Group Confirmatory Factor Analysis

Invariance model 2 (df) Ay? (df) p RMSEA CFI  ACFI

Clinical sample vs

control sample

1. Configural 12.598 (18) 000 1.000

2. Metric 21.102 (23) 8504 (5) .130 .000 1.000 <.001
3. Scalar 40.399 (28)  19.297 (5) .002 .051 949 051
E-SSD vs Y-CS

1. Configural 15.783 (18) 000 1.000

2. Metric 20.344 (23)  4561(5) .472 .000 1.000 <.001
3. Scalar 34.465(28)  14.121(5) .015 .050 982 072
L-SSD vs O-CS

1. Configural 10.418 (18) 000 1.000

2. Metric 16.694 (23)  6.276(5) .280 .000 1.000 <.001
3. Scalar 19.805(28)  3.111(5) .682 .000 1.000 <.001
4. Strict 36,565 (34)  16.760(6) .01  .028 986 014

Note. The metric models were compared to the configural models; the scalar models were compared to the
metric models; the strict model was compared to the scalar model. CFI = comparative fit index; df = degrees of
freedom; RMSEA = root mean square error of approximation; E-SSD, early phase of the schizophrenia spectrum
disorders; Y-CS, younger control subjects; L-SSD, later phase of the schizophrenia spectrum disorders; O-CS,
older control subjects.

Comparison of cognitive performance

We tested differences in cognitive performance using GLM based on observed test
scores in the clinical sample compared to the control sample, the E-SSD subgroup compared
to the Y-CS and the L-SSD subgroup compared to the O-CS. Due to differences between the
groups within the factor structure, we used CANTAB subtest scores to assess the participant
performance. For each CANTAB subtest score, age, gender, and years in education were
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included as covariates in between-group comparisons (for the results, see Table 4, Table 5,

and Table 6). For the comparison of cognitive performance of 43 patients within two

assessments over the time period of 5.3 years, see Table 7. In general, the patients exhibited

extensive cognitive dysfunction in assessed subtests when compared with the control subjects

(see Figure 2). Age and years in education had a meaningful impact as covariates.

Table 4

General Linear Models. The Clinical Sample (N = 156) Compared to the Control Sample (N

= 188)
PAL IED SOC sSSP SWM RVP
Parameter Estimate Estimate Estimate Estimate Estimate Estimate
(95% Cl)  (95% CI)  (95% Cl)  (95%CI)  (95% Cl)  (95% CI)
gr':'fg'vs -0.89 -1.15 131 0.77 -1.24 -0.89
P (-111to  (0.88- (-156t0  (-097t0  (0.98- (-1.12to
control g g7y wak  14g)wex  106)*E  0.57)FrE 15Q)FEE  -0,66) *rE
sample ’ ' ’ ' ' '
Cducation 008 -0.10 0.08 0.06 -0.08 0.11
vears | (0.08- (-015t0  (0.03- (0.02- (013t (0.06-
y 0.012)%**  -0.04**  0.13)**  0.10)**  -0.03)**  0.15)***
-0.05 0.03 -0.01 -0.03 0.03 -0.02
Age (-006t0  (0.02- (002t (-0.04t0  (0.02- (-0.03 to
-0.04)***  0.04)***  -0.00)* S0.02)%**  0.04)**  -0.01)***
-0.03 0.24 -0.16 -0.28 0.41 -0.17
Gender (-0.24 to (-0.03to (-0.41to (-0.48 to (0.16- (-0.40to
0.18) 0.51) 0.08) -0.08)**  0.67)**  0.05)

Note. * p < .05, ** p < .01, *** p <.001; ClI, confidence interval; PAL, Paired Associates Learning; IED, Intra-
Extra Dimensional Shift; SOC, Stockings of Cambridge; SSP, Spatial Span; SWM, Spatial Working Memory;
RVP, Rapid Visual Information Processing; estimates for IED and SWM are reversed.
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Table 5

General Linear Models. The E-SSD Subgroup (N = 97) Compared to the Y-CS (N = 91)

PAL IED SOC SSP SWM RVP
Parameter Estimate Estimate Estimate Estimate Estimate Estimate
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
E-SSD Vs -1.09 -1.48 -1.71 -0.80 -1.54 -0.97
Y-CS (-1.49 to (1.98 to (-2.15to (-1.15to (1.08-2.00) (-1.35to
-0.69) ***  0.98) ***  -1.27) ***  -0.45) *** kx* -0.58) ***
Education 0.14 -0.12 0.03 0.08 -0.07 0.16
in vears (0.06- (-0.23 to (-0.06 to (0.01- (-0.16 to (0.08-
y 0.22)*** -0.02)* 0.12) 0.15)* 0.02) 0.23)***
-0.06 0.03 0.03 -0.04 0.02 -0.02
Age (-0.09 to (-0.2to (-0.01to (-0.07 to (-0.02 to (-0.05 to
-0.02)** 0.07) 0.07) -0.01)** 0.06) 0.01)
0.03 0.61 -0.43 -0.35 0.43 -0.28
Gender (-0.30 to (0.19- (-0.80 to (-0.64 to (0.05- (-0.61 to
0.37) 1.04)** -0.06)* -0.05)* 0.82)* 0.05)

Note. * p < .05, ** p < .01, *** p <.001; ClI, confidence interval; PAL, Paired Associates Learning; IED, Intra-
Extra Dimensional Shift; SOC, Stockings of Cambridge; SSP, Spatial Span; SWM, Spatial Working Memory;
RVP, Rapid Visual Information Processing; E-SSD, early phase of the schizophrenia spectrum disorders; Y-CS,
younger control subjects; estimates for IED and SWM are reversed.
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Table 6

General Linear Models. The L-SSD Subgroup (N = 102) Compared to the O-CS (N = 97)

PAL IED SOC SSP SWM RVP
Parameter Estimate Estimate Estimate Estimate Estimate Estimate
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
L-SSD Vs -0.81 -0.80 -0.84 -0.74 -0.91 -0.69
0-CS (-1.11to (0.44- (-1.14 to (-1.00 to (0.58- (-0.98 to
-0.51) ***  1.15) ***  -0.53) *** -0.48) *** 1.23)***  -(0.39) ***
Education 0.06 -0.10 0.10 0.08 -0.08 0.11
in vears (0.01- (-0.16 to (0.04- (0.03- (-0.14 to (0.05-
y 0.11)* -0.02)** 0.15)*** 0.13)** -0.02)** 0.16)***
-0.04 0.03 -0.02 -0.03 0.04 -0.02
Age (-0.06 to (0.01- (-0.04 to (-0.04 to (0.02- (-0.03 to
-0.03)***  0.04)** -0.01)***  -0.02)***  0.05)*** -0.00)*
0.04 0.03 0.15 -0.29 0.47 -0.07
Gender (-0.26 to (-0.33to (-0.16 to (-0.55to (0.14- (-0.38to
0.35) 0.39) 0.46) -0.02)* 0.80)** 0.23)

Note. * p <.05, ** p < .01, *** p <.001; ClI, confidence interval; PAL, Paired Associates Learning; IED, Intra-
Extra Dimensional Shift; SOC, Stockings of Cambridge; SSP, Spatial Span; SWM, Spatial Working Memory;
RVP, Rapid Visual Information Processing; L-SSD, later phase of the schizophrenia spectrum disorders; O-CS,

older control subjects; estimates for IED and SWM are reversed.
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Table 7

General Linear Models. Cognitive Assessment of the 43 Patients from the E-SSD Subgroup
Whose Cognitive Functioning Has Been Assessed Over the Time Period of 5.3 Years

PAL IED SOC SSP SWM RVP
Parameter Estimate Estimate Estimate Estimate Estimate Estimate
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
E-SSD vs 0.18 0.27 0.42 0.03 0.43 0.34
L-SSD (-0.30to (-0.77 to (-0.00to (-0.43 to (-0.85to (-0.08 to
0.65) 0.24) 0.85) 0.49) -0.01)* 0.76)
. 0.05 -0.07 0.12 0.15 -0.10 0.17
Education
in vears (-0.04 to (-0.17 to (0.04-0.21) (0.06-0.24) (-0.18to (0.09-0.25)
y 0.14) 0.03) *x *x -0.02)* fakaie
-0.05 0.01 0.04 -0.04 0.01 -0.02
Age (-0.08 to (-0.03 to (0.01- (-0.08 to (-0.02 to (-0.06 to
-0.01)* 0.05) 0.08)* 0.00) 0.05) 0.01)
0.51 0.14 -0.24 -0.33 0.35 -0.12
Gender (0.03-0.99) (-0.37to (-0.67 to (-0.79to (-0.07 to (-0.54 to
* 0.65) 0.19) 0.14) 0.78) 0.31)

Note. * p < .05, ** p < .01, *** p < .001. CI, confidence interval; PAL, Paired Associates Learning; IED, Intra-
Extra Dimensional Shift; SOC, Stockings of Cambridge; SSP, Spatial Span; SWM, Spatial Working Memory;
RVP, Rapid Visual Information Processing; E-SSD, early phase of the schizophrenia spectrum disorders; L-
SSD, later phase of the schizophrenia spectrum disorders; estimates for IED and SWM are reversed.
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Figure 2

Cognitive Dysfunction Profiles

Cognitive dysfunction Cognitive dysfunction Cognitive dysfunction in clinical sample
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Note. This figure demonstrates the cognitive performance of the E-SSD subgroup compared to the Y-CS, the L-
SSD subgroup compared to the O-CS and the clinical sample compared to the control sample expressed as effect
sizes. The red line on effect size at 0.3 represents clinically meaningful dysfunction. PAL, Paired Associates
Learning; IED, Intra-Extra Dimensional Shift; SOC, Stockings of Cambridge; SSP, Spatial Span; SWM, Spatial
Working Memory; RVP, Rapid Visual Information Processing; E-SSD, early phase of the schizophrenia
spectrum disorders; Y-CS, younger control subjects; L-SSD, later phase of the schizophrenia spectrum disorders;
O-CS, older control subjects; estimates for IED and SWM are reversed.

Discussion

The study aimed to assess the cognitive dysfunction among the clinical sample
compared to the control sample, the E-SSD subgroup compared to the Y-CS, and the L-SSD
subgroup compared to the O-CS. To use the most appropriate level of analyses, we first
identified the factor structure of selected CANTAB tests (PAL, IED, SOC, SSP, SWM, and
RVP) across the subgroups of the sample. CFAs support the conclusion that the single-factor
model of cognitive tests were appropriate in most of the subgroups, except for the young
control subjects. We used MG-CFA to test the MI and assess whether the mean latent scores
of each group could be meaningfully compared. Our results indicated that the comparison of
mean latent scores across most of the subsamples is meaningless. The scalar invariance,
which enables to the comparison of the mean latent scores across groups were tenable only in
comparison of the L-SSD subgroup and the O-CS. Next, we used CANTAB tests scores to
investigate the dysfunction of cognitive abilities in the clinical sample compared to the control
sample, the E-SSD subgroup compared to the Y-CS and the L-SSD subgroup compared to the
O-CS. All used CANTAB tests scores indicated that patients exhibit clinically meaningful
cognitive dysfunction when compared with control subjects. In this study, we extended the
previous research of Haring et al. (2015) by including the L-SSD patients. Haring et al. (2015)

examined the structure of cognitive dysfunction in the first episode psychosis patients
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compared to the control subjects. For the current study we used partly same data as Haring et
al. (2015) as we also compared the cognitive functioning of the patients in the E-SSD
subgroup and Y-CS. Similar to Haring et al. (2015), we used MG-CFA to test the MI.

In SSD studies, various models for the underlying structure of cognition can be made.
The models can be categorized as single-factor, correlated-factor, and hierarchical models
(McCleery et al., 2015). Similar to previous CFA studies (Barch & Ceaser, 2012; Dickinson
et al., 2006) single-factor model provided a good fit for our data. In this paper, we used six
cognitive functioning tests, which represented three cognitive functioning domains (memory,
executive functions, attention and psychomotor speed). We selected these subtests based on
previous studies on the SSD population and due to fact that these tests are well known to
detect cognitive changes in the SSD population (Cambridge Cognition, 2021). To compare
the latent structure of a neuropsychological battery in the SSD and the controls, Dickinson et
al. (2006) used CFAs including 17 tests which represented six cognitive functioning domains
(verbal comprehension, perceptual organization, verbal learning and memory, visual learning
and memory, information processing speed, and executive/working memory). In Dickinson et
al. (2006) study, the CFAs supported the hierarchical model, where cognitive functioning tests
loaded on six cognitive functioning domain factors, and those factors loaded on the general
cognitive functioning factor. These results support the idea of general cognitive ability factor
decidedly influencing a number of distinct domains of cognitive functioning (Dickinson et al.,
2006). Although our data indicated to single-factor model for clinical sample in different
stages of the SSD, some studies have supported models with up to seven factors (McCleery et
al., 2015; Nuechterlein et al., 2004). There are many possible reasons for these incongruity
findings. For example, the number of cognitive functioning tests included, domains assessed,
and models proposed. McCleery et al. (2015) compared seven-factor model to different
cognitive functioning models (a single-factor model, a correlated-factors model, and a
hierarchical-model) using 16 tests representing seven cognitive functioning domains.
McCleery et al. (2015) concluded, that in their study, the seven correlated-factors model was
the best.

During the validation process of neurocognitive test batteries, it is common to conduct
factor analysis, but if we intend to assess the adequacy of the test norms for certain subgroups,
we need to evaluate if the factor model fits for the subgroups and whether the measurement
parameters of the model are invariant across these subgroups. If cognitive functioning
assessment test fails the invariance testing, then there are other factors besides the targeted

underlying cognitive functioning that affect the performance differently across these groups.
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Lack of invariance underlines that the measurement model relating to the assessed subtest
scores differs across the groups (Wicherts, 2016). Therefore, it is important to establish the
MI, because it can detect the possible differences in the structure of measured constructs
(Haring et al., 2015). Establishing the M1 is especially relevant in the clinical studies, where
the validity of the tests is essential (Wicherts, 2016). Our results on Ml testing support Haring
et al. (2015) results on the clinical sample compared to the control sample and on the E-SSD
subgroup compared to the Y-CS. Similar to Haring et al. (2015), in our study it was not
possible to compare the clinical sample and the control sample in terms of their mean latent
cognitive factors because the structure among the tests were different between groups.
Interestingly, the mean latent scores in the L-SSD subgroup compared to the O-CS could be
meaningfully compared regarding scalar invariance. Showing that the structure of the
cognitive abilities in the L-SSD subgroup compared to the O-CS was more similar than the
structure in the E-SSD subgroup compared to the Y-CS.

Our hypothesis, that the clinical sample would exhibit meaningful cognitive
dysfunction compared with the control sample was supported and is consistent with other
authors (e.g Nuechterlein et al., 2004). Our results on cognitive dysfunction seen in the E-
SSD subgroup compared to the Y-CS and in the L-SSD subgroup compared to the O-CS,
indicated that patients in both stages of the illness exhibit deeper dysfunction on the executive
function domain than in other measured domains. These findings support Brawn et al. (2008),
who also found that executive functions is one of the domains which is more impaired in the
SSD population. Surprisingly, the dysfunction seen in the L-SSD subgroup compared to the
O-CS was not on the same magnitude as in the E-SSD subgroup compared to the Y-CS. The
reason for that could lie in the cognitive performance of the Y-CS. The recruitment of the
control subjects was based on convenience sampling. Therefore, the results in the Y-CS may
not be extrapolatable to their peers living in Estonia. We believe that most of the Y-CS were
willing to participate in the study due to their curiosity in psychology. It is possible that the
cognitive functioning of the Y-CS in our study may be better than the cognitive functioning of
their peers living in the similar geographical area. Recruited E-SSD subgroup participants had
a larger degree of heterogeneity in age than the Y-CS. Although the years of education was
similar in the E-SSD subgroup and in the Y-CS, the participants in the E-SSD subgroup were
almost 6 years older than the Y-CS. Showing, that the Y-CS were still on the rise of their
educational performance compared to the participants in the E-SSD subgroup, whose peak
years of education was likely achieved. The E-SSD usually emerges during early adulthood or

late adolescence. It is prime time for youngsters to establish their identity and functioning as

22



Measurement invariance and cognitive performance of the CANTAB in the SSD

members of the society. It is well noted that majority of individuals in the E-SSD experience
disruptions on their educational journey (Shinn et al., 2020).

We also made cognitive performance comparison for the 43 patients, whose
performance had been assessed within two assessments over the time period of 5.3 years. The
results indicated that the comparison of the two assessments was statistically not significant
for most of the subtests, except for the SWM (p < .05). This would suggest that the cognitive
dysfunction of the participants in this subsample was quite stable over the assessed time
period. This finding is in line with studies that suggest stable cognitive performance profile
following one’s first psychotic episode (Sheffield et al., 2018; Heilbronner et al., 2016).
Therefore, the cognitive dysfunction in the E-SSD is believed to be close to its final form. The
cognitive dysfunction is also believed to be one of the core features in the SSD (Sheffield et
al., 2018). Surprisingly, there was a statistically significant change in the participants’
performance of the SWM subtest as the outcome was better for the second assessment. In
neuropsychological assessment, retesting is necessary to observe the course of the disorder,
but it is also important to consider the role of practice effects on the participant performance
on follow-up testing (Beglinger et al., 2005). The practice effect is defined as subject’s
improvement in the test performance (Hausknecht et al., 2007). Thus, it may be possible that
in the course of the SSD, the cognitive dysfunction may stay stable or may become more
severe, but the change may be hidden under the learning effect.

One limitation of this study could be the sample size. Although it has the benefit of
representing an early phase and the later phase of the SSD, a larger sample might give a
broader understanding of the cognitive performance of the subjects. Second, since we used six
cognitive functioning subtests from CANTAB, it is possible, that studies with more subtests
may provide a different outcome. Studies including more subtests might give more universal
picture of the cognitive dysfunction seen in the SSD. Third, we assessed patients who were
willing to participate, were clinically stable and on antipsychotic medication. Therefore, the
results may not represent the overall cognitive functioning profile of the SSD patients in
Estonia.

Despite the possible limitations, we believe that the current study provides interesting
results which can be transferred to psychiatric practice. The methodical strength of this study
is in providing data from different subsamples representing distinct stages of the disorder and
in establishing the MI. We believe that it is important to establish the MI while comparing
psychometric data between clinical samples and control samples. To our knowledge, this is

the first study comparing the structure of cognitive abilities among the E-SSD patients and the
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L-SSD patients using CANTAB on the Estonian SSD population. With present study, we
would like to emphasize the broader use of CANTAB in the cognitive assessment in the
different stages of the SSD.

In conclusion, the CFA analyses provide support for the single-factor model of
cognitive functioning in the SSD subgroups and the control subjects. We extended our
analyses with MI which indicate that the cognitive functioning structure in the SSD and the
population without the SSD could be different. Our results highlight that patients with the
SSD perform significantly poorer in cognitive performance, such as executive functions,

memory, attention, and psychomotor speed than individuals without the SSD.
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