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Background
Formal thought disorder (FTD) is a highly disabling trans-
diagnostic feature that impedes communication and social ties.
Progress in understanding and treating FTD has been hampered
by the uncertainties in its assessment.

Aims
We examined if a short 3–5min assessment of transcribed
speech can capture the latent dimensions and network structure
of FTD and predict functional outcomes.

Method
In a transdiagnostic sample (N= 666) with a single longitudinal
follow-up over 3–12 months (n= 244), we administered the short
form of the Thought and Language Index to measure eight
individual features of FTD. We determined the baseline factor
structure of FTD, its temporal invariance at follow-up, and the
predictive validity of FTD dimensions on the global single-item
Social and Occupational Functioning Assessment Scale scores at
baseline and follow-up. We identified the most influential and
putative primary phenomena within the FTD syndrome, using
network analysis.

Results
Factor analyses revealed a stable three-factor model of FTD:
impoverishment (poverty of speech, weakening of goal), loos-
ening (looseness, illogicality) and peculiarities (peculiar words,
peculiar sentences), with excellent fit (Comparative Fit Index:
0.997, root mean square error of approximation: 0.040) and
metric invariance over time. Impoverishment and peculiarities

predicted functioning at baseline and 3–12 months later
(cross-sectional: β = –0.196, p < 0.001 and β = –0.298,
p= 0.001, respectively; longitudinal: β = –0.201, p= 0.037 and
β= –0.336, p= 0.042, respectively). Looseness and poverty of
speech were putative primary features influencing other FTD
phenomena. Weakening of goal and peculiar sentences were the
most connected phenomena.

Conclusions
By integrating latent variable and network approaches, we
provide a unified, empirically grounded framework to interpret
FTD assessed using a brief speech task. We report a replicable
three-dimensional structure, identify central symptoms that may
maintain the FTD syndrome, and the specific dimensions that
influence functional disability. These findings clarify the prog-
nostically valuable features of FTD for future mechanistic and
interventional research.
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Formal thought disorder (FTD) is a transdiagnostic syndrome that
severely disrupts communication and social functioning in people
with severe mental illnesses.1,2 Despite its long history in psychi-
atry,3 our ability to assess it during routine clinical encounters
remains a challenge. Clinicians do not routinely use any of the
available but long and arduous instruments to quantify its severity.4

Short-form of clinically employable instruments that use visual
stimuli to evoke disordered thinking, such as the Thought and
Language Index (TLI),5 are a promising approach for large-scale
clinical use. In addition, the ubiquitous availability of automatic
transcription enables detailed text-based analyses of thought dis-
order. However, we do not know if such brief procedures capture
the various core dimensions of FTD and are relevant to functional
outcomes, i.e. predicting social and occupational functions that are
affected in the presence of psychosis.

Overcoming methodological limitations with a new
approach to uncover FTD dimensions

Development of instruments to assess FTD has faced key method-
ological limitations, including restricted sample sizes, a narrow focus
on schizophrenia and the contamination of ratings by other psy-
chotic symptoms (i.e. content contaminating the assessment of form,

e.g., a person with bizarre delusions is more likely to get rated on the
FTD item of illogicality) when the ratings are based on a clinical
interview (see McKenna and Oh6 for a detailed treatment of other
challenges). Similarly, on-the-fly rating (i.e. rating thought dis-
turbances without recorded transcripts) carries the risk of over-
reliance on momentary clinical impression.7 As a result, factor
analytical reports on the underlying dimensions of FTD have been
inconsistent (one to seven factors reported)8 and fail to provide
stable, time-invariant, population-level dimensions. To overcome
these issues, we employed a large, transdiagnostic sample and rated
FTD exclusively from recorded speech transcripts, thereby mini-
mising bias. Furthermore, we complemented traditional factor
analysis with two graphical models: (a) a network approach to reveal
direct relationships between FTD phenomena and (b) directed
acyclic graphs (DAGs) based on conditional dependence to identify
hierarchical relationships. Network analysis can uncover highly
connected central phenomena, which, when alleviated, can reduce
the overall burden (i.e. identify interventional targets9). DAGs can
uncover putative causal pathways, providing insight into how clinical
phenomena relate to and potentially influence one another,
highlighting possible targets for future mechanistic and computa-
tional studies. Latent factor models alone cannot disentangle the
putative directionality of these relationships.10
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Linking dimensions to functional outcome

Our goal was to integrate latent factor modelling and network
analyses to provide a unified framework for describing core ele-
ments of FTD from a short, time-efficient instrument. A crucial test
for any psychopathological construct is its predictive validity for
real-world outcomes.11 Although FTD is broadly linked to
poor functioning,12–14 studies are divided in linking specific FTD
dimensions to this impairment (impoverishment dimension;15–18

disorganisation dimension19–21). There are no FTD-specific inter-
ventions available, but remediation appears feasible for several
individual phenomena that constitutes FTD (e.g. Bambini et al;22 see
Jimeno23 for a review). Identifying the functionally relevant aspects
of FTD (i.e. those affecting social, occupational and daily func-
tioning) will assist in targeted interventions to improve overall
outcomes. Importantly, when FTD is assessed independently of
other psychotic symptoms (i.e. without the raters’ knowledge of
other psychopathology), its severity appears less pronounced,24 and
the relationship with functioning appears to drop by>50%.13,19 This
raises the question of whether FTD as a standalone construct has
any value in the prognostic impression that we can make in clinical
practice. Using a longitudinal design, we tested the hypothesis that
data-driven dimensions from a ring-fenced assessment of FTD (not
influenced by a rater’s access to the participant’s other symptoms)
can predict social and occupational functioning both at baseline and
3–12 months later. Our goal was to reliably quantify putative latent
dimensions and demonstrate their relevance to real-world func-
tioning, with a view to positioning FTD as a clinically meaningful
prognostic specifier for psychotic illnesses.

Method

Participants

Data from eligible participants enrolled in seven separate, geo-
graphically diverse studies were pooled for this project: Discourse
in Psychosis-University of Western Ontario (DISCOURSE-UWO),
IMproved Personalized medicine through deep LEarning in
MENTal disorders –Montreal (IMPLEMENT), Tracking Outcomes
in Psychosis (TOPSY, London Ontario), Cannabis Effects OnWhite
Matter And Outcomes In Early Psychosis (WOW, London
Ontario), The Study of Psychosis and the Role of Inflammation and
GABA/Glutamate (SPRING, Nottingham, Manchester and Cardiff,
UK), Connectivity-Nottingham Study (CONN) and 7-Tesla
Schizophrenia Study Nottingham (UK7T). Details on the recruit-
ment and enrolment procedures of participants have been described
previously.25–30 Data-set descriptions can be found in Supplemen-
tary Appendix 2 available at https://doi.org/10.1192/bjp.2026.10650.
To be eligible for pooled analysis, the participant should have had
(a) a clinical diagnosis confirmed by a consensus procedure; (b) the
same three-picture version of FTD assessment administered; and
(c) FTD ratings completed using recorded and subsequently tran-
scribed speech, using a consensus approach, ensuring a single reli-
able score for each participant.

At baseline, a total of 666 participants (n= 472 with a psy-
chiatric diagnosis, n= 194 healthy controls and a clinical high-risk
group). Follow-up data were available for 244 participants
(177 patients, 67 controls).

Six different diagnostic groups with evidence of psychosis were
included (bipolar disorder with psychosis, major depressive disorder
with psychosis, psychosis (not otherwise specified), schizoaffective,
schizophrenia, schizophreniform disorder, and a clinical high-risk
group (from the TOPSY study31) with subthreshold psychotic
symptoms), in addition to healthy controls with no lifetime diag-
nosis of a psychiatric disorder. Written informed consent was

obtained from all participants, and all study procedures contributing
to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation
and with the Helsinki Declaration of 1975, as revised in 2013. All
procedures involving human patients were approved by the relevant
local ethics boards. Ethics approval codes: DISCOURSE-UWO:
2024-119548-101057; TOPSY: 2025-108268-113605; WOW: 2024-
112846-101698; IMPLEMENT: 2022-IUSMD-21-53; SPRING: 14/
NW/0298; CONN: 08/H0401/120; UK7T: 10/H0406/49.

Assessments

At baseline, age, gender and diagnosis demographics were collected.
Demographic statistics were calculated using the R package
gtsummary used on the Windows platform.32

The TLI was used to assess thought disorder across eight items
grouped into two subscales5: impoverishment (poverty of speech,
weakening of goal and perseveration reflecting negative FTD) and
disorganisation (looseness, peculiar word/sentence, illogicality and
distractibility reflecting positive FTD). Full description of the TLI
items can be found in Supplementary Appendix 1. Each instance is
scored from 0.0 to 1.0 in increments of 0.25, based on severity.
Participants described three pictures from the Thematic Apper-
ception Test (as described in Sommer et al33), which was recorded
and manually transcribed and scored by a single assessor blind to
functional status and diagnosis at the time of rating (L.P. in con-
sensus with TLI author P.F.L. for UK7T, CONN and SPRING UK;
L.P. supervising and achieving consensus with a trained rater for
WOW, TOPSY, DISCOURSE-UWO and IMPLEMENT; Note:
IMPLEMENT was a schizophrenia-only cohort and diagnostic
blinding does not apply). The item scores for the three images were
summed to create an overall item score per participant. Total
speaking time was restricted to 1 min per picture to control for
potential bias owing to verbosity.

To assess social and occupational functioning, the Social and
Occupational Functional Assessment Scale (SOFAS) was used in
the present study.34 The SOFAS is a single-item global measure,
integrating social/interpersonal and occupational/educational
functioning rated on a scale between 1 (lower functioning) and 100
(better functioning), based on a consensus with the clinical team,
available medical notes and the information on daily functions
provided by the participants. As this scale is susceptible to observer
bias, to reduce systematic within-study variations, we only used
datasets where the same rater rated all participants in a data-set for
the SOFAS analysis (thus, the three-site SPRING study was not
included). The functioning of participants from the UK7T study was
assessed using the Global Assessment of Functioning (GAF) scale.
To harmonise functioning scores across studies, we used the cor-
responding scores calculated using the equipercentile linking
method to transform GAF to SOFAS scores.35 This method has
demonstrated a strong linear linkage (r= 0.86–0.93) between GAF
and SOFAS in a large, naturalistic data-set, and minimal mean
differences between the two scales, proving to be essentially
exchangeable with negligible measurement error.35

Of those who had baseline (time point 1) TLI data, follow-up
(time point 2) data were available for 169 participants for TLI and
216 for SOFAS at 3 months (IMPLEMENT) or 12 months after the
first assessment (WOW, DISCOURSE-UWO and TOPSY).

Statistical analysis
Exploratory and confirmatory factor analyses

To identify the underlying latent structure of TLI, we performed
exploratory factor analysis (EFA) on TLI scores at baseline after
checking assumptions with Bartlett test of sphericity36 and the

Abboud et al

2
https://doi.org/10.1192/bjp.2026.10650 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.2026.10650
https://doi.org/10.1192/bjp.2026.10650
https://doi.org/10.1192/bjp.2026.10650
https://doi.org/10.1192/bjp.2026.10650


Kaiser–Meyer–Olkin (KMO)37 measure of sampling adequacy.
Factors were identified using factor eigenvalues, with an oblique
promax rotation method. We performed EFA using maximum
likelihood for decomposition. The number of factors was determined
using parallel analysis. Variables with communality less than 0.2 were
removed.

To confirm the structure of TLI identified using EFA, we
performed confirmatory factor analysis (CFA) with structural
equation modelling. Multivariate normality was assessed with
Mardia’s test. Satorra–Bentler correction was applied as it is robust
to non-normality.38 CFA compared the EFA-based data-driven
model against a theoretical model that specified two factors, ‘dis-
organisation of thought’ (peculiar sentences, illogicality, looseness,
peculiar words) and ‘impoverishment of thought’ (poverty of
speech, weakening of goal, perseveration), and compared their fit to
the data to identify the best factorisation of TLI. Fit was assessed
with Comparative Fit Index (CFI), Tucker–Lewis Index and root
mean square error of approximation (RMSEA). EFA and CFA were
both performed on JASP version 0.95.4 for Windows.

Network analysis

Network analysis was conducted to investigate the relationship
between TLI items. The Extended Bayesian Information Criterion
Graphical Lasso (EBICglasso) estimator within JASP version 0.95.4
was used to calculate a sparse Gaussian graphical model.39,40

A γ= 0.5 tuning parameter was selected as a regularisation hyper-
parameter. This value is optimised for prioritising sparsity and
high specificity, and minimising the inclusion of spurious edges in
the network.40,41 Network nodes represent a single TLI item, and
edges represent partial correlations.42 Non-parametric bootstrapping
was conducted 1000 times to assess edge and centrality stability.

DAGs

To investigate potential causal relationships within TLI items, we
computed a Bayesian network using the hill-climbing algorithm
available through the R package bnlearn used on the Windows
platform.43 Hill-climbing is a greedy search algorithm that begins
with a random solution and iteratively identifies more optimal
solutions by making incremental changes toward better neigh-
bouring states. In the context of DAGs, hill-climbing adds, deletes or
reverses single arcs until an optimum is reached.44 The algorithm
undergoes random restarts to avoid local optima as solutions. To
ensure stability, an average network was computed, using networks
derived from 1000 bootstrapped samples. The consensus network
was built using arcs that appear in 85% of bootstrapped networks.45

Arc direction is determined by identifying the direction present
between TLI subscores in at least 51% of the bootstrapped networks.
Network nodes represent a single TLI item, and edges represent
direct conditional dependencies.

Path analysis to predict SOFAS at time points 1 and 2

Structural equation modelling was used to examine the relationship
between the latent FTD factors and functional outcome (SOFAS
score) cross-sectionally (time point 1) and longitudinally (time
point 2). Separate models were run with the EFA-derived factor
structure and at the individual symptom level. Maximum likelihood
estimation with Satorra–Bentler correction was used, and listwise
deletion was applied for missing data. Listwise deletion was applied
for missing data as the analytic sample was sufficiently large to
maintain adequate statistical power, and the lack of two time points
of data in most cohorts rendered multiple imputation liable to yield
unreliable or biased estimates. Structural equation model analyses
predicting SOFAS score were repeated with individual TLI items
that constituted the EFA-derived factor structure. Standardised

estimates are reported. Structural equation modelling was con-
ducted within JASP version 0.95.4, using the Lavaan mimic.46

Time-invariance analysis

Amultiple-group CFA was conducted in JASP version 0.95.4, using
the Lavaan mimic to test for measurement invariance of the TLI
factors across two time points. We tested a series of nested models
with increasingly stricter model constraints: configural, weak,
strong and strict. Configural invariance assumes an equivalent
factor structure across time points (e.g. consistent three-factor
solution). Weak or metric invariance introduces factor loading
equality constraints, where TLI items contributing to latent vari-
ables are the same across time. Strong or scalar invariance intro-
duces equality constraints on the item intercepts; establishing this
level of invariance is necessary to allow for meaningful comparisons
of the latent factor means across time. Finally, strict invariance
requires that the residual variances of TLI scores are equal across
time.47 Model fit was compared with the change in CFI (ΔCFI <
0.010) and RMSEA (ΔRMSEA < 0.015) against successive models,
where a deterioration in fit beyond these thresholds would indicate
a lack of invariance, and thus lack of stability of dimensions
retrieved via factor analysis over time.48

For an analysis of between-study variance and the effects of
diagnostic heterogeneity of the samples, antipsychotic use or gender
ratio on the factor structure on the TLI scores see Supplementary
Appendices 3 and 4.

Results

As expected, patients exhibited significantly lower levels of global
functioning as measured by the SOFAS at both time point 1
(patients: median, 50 and interquartile range, 20; controls: median,
85 and interquartile range, 6; p< 0.001) and time point 2 (Patient:
median 56, interquartile range 24; Control: median 85, interquartile
range 3; p< 0.001). The patient and control groups did not differ
significantly in gender distribution at either time point (time
point 1: p= 0.11; time point 2: p= 0.3). Participant demographics
can be found in Table 1. The summary of diagnostic information is
available in Supplementary Appendix 4; item distribution across
data-sets can be found in Supplementary Appendix 5.

Demographics
Factor structure of FTD

The data were suitable for factor analysis (KMO= 0.67; Bartlett’s
test of sphericity, χ2(21)= 1150.36, p< 0.001). The distractibility
item was discarded because of insufficient non-zero values (<1%).
The EFA indicated a three-factor solution, which collectively
accounted for 51.9% of the variance. Factor 1 (impoverishment)
was defined by high loadings from TLI items weakening of goal
(0.92) and poverty of speech (0.84). Factor 2 (loosening) was
defined by looseness (0.89) and illogicality (0.38) TLI items. Factor
3 (peculiarities) was defined by TLI items peculiar words (0.82) and
peculiar sentences (0.58). Perseveration did not load saliently on
any factor. The three-factor model showed excellent fit (RMSEA=

0.040, 90% CI 0.000–0.085, CFI= 0.997, Tucker–Lewis Index=
0.980, standardised root mean square residual= 0.009).

In the CFA, the data-driven three-factor model (based on EFA)
demonstrated better fit (Satorra–Bentler scaled chi-squared
(SBχ2)(6)= 6.62,p=0.358;CFI=0.997,Tucker–Lewis Index=0.994,
RMSEA= 0.012) than the theoretical two-factor model (SBχ2(13)=
57.94,p<0.001;CFI= 0.840,Tucker–Lewis Index= 0.741,RMSEA=

0.072) (ΔSBχ2(7)= 44.27, p< 0.001). The three-factor model was
therefore retained for all subsequent analyses (Fig. 1).

The functionally relevant structure of thought disorder in psychosis

3
https://doi.org/10.1192/bjp.2026.10650 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.2026.10650
https://doi.org/10.1192/bjp.2026.10650
https://doi.org/10.1192/bjp.2026.10650
https://doi.org/10.1192/bjp.2026.10650
https://doi.org/10.1192/bjp.2026.10650


Network structure of FTD

The network analysis of the seven TLI symptoms at time point 1
revealed a sparse structure (sparsity: 0.24). The strongest edge was
observed between weakening of goal and poverty of speech (Fig. 2).
Centrality measures indicated that weakening of goal (strength:
1.69, expected influence: 1.75) and peculiar sentences (strength:
0.88, expected influence: 1.00) were the most central symptoms in
the network. Bootstrap analyses indicated good stability of both the
edge weights and the centrality indices. The inset in Fig. 2 depicts
the DAG obtained from the averaged 1000 network structures of
the TLI items. Two prominent groupings emerge. First, consistent
with the Impoverishment dimension, we found poverty of speech to
be strongly predictive of weakening of goal, with both forming a
dyad. Second, we found the loosening and peculiarities factors to
be forming a hierarchical structure. Looseness item is directly

predictive of both illogicality and peculiar sentences; the peculiar
sentences item, in turn, predicts peculiar words. This pattern
suggests that looseness may be a parent symptom that could have
both direct and indirect downstream influences on several TLI
items. As in the factor analysis, perseveration remained as an
isolated item with no relationships with other TLI items.

Predicting functional outcome
Cross-sectional analysis (time point 1)

A structural equation model with the three latent FTD factors
predicting SOFAS score at time point 1 showed acceptable fit
(SBχ2(10)= 16.80, p= 0.079; CFI= 0.965, RMSEA= 0.044). Both
the impoverishment factor (β=−0.196, p< 0.001) and the pecu-
liarities factor (β=−0.30, p= 0.001) were significant predictors of

Table 1 Summary of participant demographics and SOFAS scores

Demographic characteristic

Time point 1, n= 666 Time point 2, n= 244

n Control n= 194a Patient n= 472a p-valueb n Control n= 67a Patient n= 177a p-valueb

Age 666 26 (22, 31) 28 (22, 39) 0.008 244 26 (22, 30) 28 (23, 35) 0.034
Gender, male 666 136 (70%) 359 (76%) 0.11 244 46 (69%) 133 (75%) 0.3
SOFAS 448 85 (81, 87) 50 (40, 60) <0.001 216 85 (83, 86) 56 (46, 70) <0.001

SOFAS, Social and Occupational Functional Assessment Scale.
Diagnosis breakdown by cohort is provided in Supplementary Appendix 4.
a. Median (quartile 1, quartile 3); n (%).
b. Wilcoxon rank-sum test; Pearson’s chi-squared test.
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low SOFAS score. The loosening factor was not a significant pre-
dictor (β= 0.05, p= 0.657). At the symptom level, peculiar sen-
tences (β=−0.17, p= 0.001) and poverty of speech (β = −0.15,
p= 0.015) were significant individual predictors of low SOFAS score.

Longitudinal analysis (time point 2)

The structural equation model predicting SOFAS score at time point
2 from time point 1 FTD factors showed excellent fit (SBχ2(9)= 6.78,
p= 0.660; CFI= 1.000, RMSEA= 0.000). The impoverishment
(β=−0.20, p= 0.037) and peculiarities (β=−0.34, p= 0.042)
factors at time point 1 significantly predicted lower SOFAS scores at
time point 2, consistent with the pattern seen at time point 1. The
loosening factor (β=−0.13, p= 0.066) was not a statistically sig-
nificant predictor. At the symptom level, no significant predictors
were observed. Functional outcome predictions are depicted in Fig. 3.

Item-wise exploratory analysis is available in Supplementary
Appendix 6. Of note, SOFAS scores improved on average, whereas
weakening of goal and peculiar words reduced in severity across
the sample at time point 2; all other TLI items remained stable
without notable reductions in patients between time points 1 and 2
(Supplementary Appendix 7).

Time invariance of factor structure

Measurement invariance tests across the two time points showed
partial invariance for the TLI factors. Configural (CFI= 0.91,
RMSEA= 0.10) and metric invariance (ΔCFI= 0, ΔRMSEA= 0)

were supported, indicating an equivalent factor structure and
invariant factor loadings. However, scalar (ΔCFI=−0.05,
ΔRMSEA= 0.02) and strict invariance (ΔCFI=−0.07, ΔRMSEA=

0.02) models had significantly worse fit. This implies that the
constructs have the same structure and meaning over time, allowing
for the comparison of factor relationships during illness progres-
sion; but absolute changes in the burden of the impoverishment,
loosening and peculiarities items over time cannot be estimated
using these factors.

Analysis of between-study variance (Supplementary Appendix 3)
indicated that two items – weakening of goal and illogicality – are
likely to be the most sensitive to inferential clinical judgement, as
the sensitivity analysis excluding IMPLEMENT (cohort with
unblinded ratings) notably reduced between-study variance for
these two items. Nonetheless, relativeG coefficients remained≥0.875
across all items with the full seven-cohort sample, indicating that
rank ordering of patients by FTD severity was uncompromised.
There were no notable effects from diagnostic heterogeneity, fre-
quency of antipsychotic use or gender ratio on the factor structure on
the TLI scores (Supplementary Appendices 3 and 4).

Discussion

By applying both latent factor and network-based methods to a
large, geographically diverse and transdiagnostic sample, we report
three key findings regarding FTD. First, we showed that short
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evaluations of FTD generate a reliable factor structure by estab-
lishing a longitudinally stable, three-factor model consisting of
peculiarities, impoverishment and loosening. Second, we revealed
systems-level interactions among FTD items that point to two
types of ‘active ingredients’: we find (a) poverty of speech and
looseness to be the putative primary symptoms that are on top of
the hierarchy, likely influencing other symptoms downstream and
(b) weakening of goal and peculiar sentences to be the most
connected central symptoms that sustain overall relationships
constituting the FTD syndrome. Third, and most critically for
patients, we demonstrated that not all FTD symptoms have equal
functional impact; impoverishment and peculiarities predict real-
world functional outcomes up to a year later, whereas loosening
shows no such impact on functioning. Perseveration was statisti-
cally unrelated to the other constituent items, raising the question
of whether it is indeed a true FTD phenomenon.

Our factor analytical solution from the short-form TLI iden-
tified impoverishment (poverty of speech and weakening of goal),
loosening (looseness and illogicality) and peculiarities (peculiar
words and sentences) as the key factors, reconciling historical
dichotomies. This dimensional three-factor solution is consistent
with several studies reported in the systematic review by Zamperoni
and colleagues.8 The separation of impoverishment (a ‘negative’
dimension) from loosening and peculiarities (both ‘positive’
dimensions) validates the specific status ascribed to ‘negative’ FTD
by Fish and Hamilton49 and Andreasen.50 The further fractionation
of the positive FTD into a loosening factor and a lexico-syntactic
peculiarities factor echoes aspects of early proposals of Guislain and
Séglas51,52 that separated surface-level speech disturbances from
thought incoherence.

This longitudinal analysis provides some of the strongest
evidence to date that FTD has a prospective predictive relation-
ship with functional impairment.53–56 Prior studies have assessed
FTD as a unitary construct, and reported a small-to-medium sized
association (n= 13 studies).13 The fact that baseline impover-
ishment and peculiarities predicted functioning 3–12 months

later, suggests that these latent factors are not merely statistical
epiphenomena but are drivers of psychosocial disability. We
dissected this relationship to uncover the specific influence of
impoverishment and peculiarities (which were downstream of
looseness in the DAG) on SOFAS scores at two time points, and
we considered it in light of the lack of association between SOFAS
score and loosening. Indeed, the latter cannot be attributed to an
improvement of FTD with time; in our patient sample, both
illogicality and looseness that constituted loosening did not
improve significantly with time (Supplementary Appendix 7).
When we speak less (insufficient) or in a peculiar manner (odd), it
may more directly disrupt our everyday language use required for
work and relational functions than when we display faulty logic
and/or tenuously linked ideas. This aligns with prior studies
linking computationally measured reduced fluency and the use of
lower frequency words to worse quality of life in schizophrenia,22

as well as with studies associating poor observer-rated speech/
communication and functioning among the unemployed indi-
viduals with severe mental illnesses.57–60 More broadly, this is
consistent with pragmatic accounts arguing that deficits in
informativity are strongly penalised in communication.61,62

The standardised effect sizes observed here (β= 0.20–0.34) are
consistent with a small-to-medium range. This is expected in a
complex outcome like SOFAS score, where FTD represents only
one of many contributing factors among negative symptoms,
cognition, medication and psychosocial context. Clinically, even
modest effect sizes of prognostic assessments have utility if they add
incremental value to other available information; for TLI, this
needs further study. The absence of significant item-level predictors
at time point 2 likely reflects reduced statistical power at follow-up.

To our knowledge, the inter-symptom dependency networks in
FTD have not been reported before. We observed higher centrality
for peculiar sentences and weakening of goal (‘connecting’ fea-
tures). Connecting features are active ingredients that maintain
the FTD network and likely play a mechanistic role in the per-
sistence of FTD as a syndrome. For instance, a loss of narrative

Poverty 
of

 speech

Weakening 
of

goal

Peculiar
words

Peculiar
sentences

Illogicality Looseness

Peculiarities LooseningImpoverishment

SOFAS T1 SOFAS T2

–0.196
–0.298

–0.201

–0.174
–0.153

0.586 1.266
0.6170.647

–0.336

0.5560.785

Fig. 3 Functional outcome (SOFAS score) predictions by TLI latent factors and items. Black lines represent loadings of TLI items onto derived
latent factors. Standardised loadings are represented in the black text. Red lines (blue in the print version) indicate negative predictions of
functional outcomes by latent variables (solid) and TLI items (dashed). Standardised βs are depicted in the red text (blue in the print version).
Functional outcomes are depicted in rectangles. Large circles represent TLI latent factors, and small circles represent TLI items. SOFAS, Social
and Occupational Functional Assessment Scale; T1, time point 1; T2, time point 2; TLI, Thought and Language Index.
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direction (goal) may permit all other peculiarities to be manifested,
giving rise to persistent FTD syndrome. Given their high con-
nectivity, we can hypothesise that the connecting features act as
potential leverage points, which, when ‘treated’, can weaken the
overall network.

The DAG’s hierarchical causal structure, revealing the primacy
of poverty of speech and looseness (‘cardinal’ features), is theo-
retically compelling. This aligns with computational theories pro-
posing two distinct core deficits:63–65 a failure of speech initiation
(leading to poverty) and a failure of associative constraint (leading
to looseness). These ‘root-level’ deficits could then cascade through
the network, giving rise to the secondary symptoms that we
observe. These primary symptoms are thus better suited targets for
prediction/prevention strategies (e.g.,66,67) and to study upstream
causal pathways (e.g., via computational modelling68,69). Our
finding that perseveration was a stand-alone feature requires
cautious interpretation. Historically, perseveration has been
described as an element of negative FTD,49,70 and in more severe or
chronic samples with sufficiently long examination, it may exhibit
greater shared variance with impoverishment. Our findings
therefore reflect the structure of FTD within the severity range
captured by brief assessment (around 3 min), rather than a
definitive claim about perseveration’s nosological status.

Our finding of configural and metric, but not scalar, invariance
of FTD dimensions with time presents both opportunities and
challenges. It confirms that the dimensions of FTD are conceptually
stable (configural invariance) with a similar relationship with its
constituents (metric invariance) over time. Along with their links to
external, clinically meaningful anchors (i.e. social and occupational
functioning), TLI-derived latent dimensions allow us to mean-
ingfully use a latent change score model in clinical trials (e.g. if an
intervention predicts post-treatment changes). The failure of scalar
invariance has a direct implication: latent mean comparisons from
short-form TLI across the two time points are not statistically
valid (e.g. we cannot meaningfully say that a treatment reduces
loosening by 50% from baseline). This limits the direct use of TLI-
derived factor scores as end-points in clinical trials, where sensi-
tivity to absolute change is essential. We therefore emphasise that
interventional studies should favour other construct-relevant
continuous measures (e.g. natural language processing-based
scores71) with demonstrated scalar invariance, or focus on the
cardinal/connecting symptoms identified here.

We acknowledge several limitations of this work. First,
although our sample is large, geographically diverse and trans-
diagnostic, it remains a research cohort with volunteer bias (most
patients volunteered for a neuroimaging study); this may affect
generalisability to the clinic. We did not assess lifetime exposure to
antipsychotics and burden of other symptoms in the present study;
these factors may have influenced SOFAS scores in our sample.
SOFAS is a single-item, global rating of functioning, it does not
allow for examination of independent associations with social,
interpersonal or occupational functioning. Future studies should
incorporate multi-item, domain-specific measures to enable a more
nuanced understanding of how FTD symptoms relate to distinct
areas of functioning. Second, our findings are tied to the short
version of the TLI instrument, which, despite minimising con-
tamination of other symptoms, may not capture the full spectrum
of FTD assessed by other scales such as the Thought and Language
Disorder scale (TALD)72 or the Thought, Language and Com-
munication50 scale. TLI ratings were based on brief responses to
pictures, without demands for turn-taking or self-disclosure pro-
cesses that may elicit additional FTD phenomena. The brief 1 min
limit per picture may also suppress certain symptoms (e.g. per-
severation, distractibility), reducing their variance. We also note
that some of the items may be more sensitive to lack of diagnostic

blinding (weakening of goal and illogicality); although this did not
affect our factor solutions, caution is warranted when comparing
raw scores across studies with variable diagnostic blinding.

The network models are based on between-individual variance,
not within-individual dynamics; thus, they represent plausible
rather than proven structures within the studied system. The
proposed causal pathways require future replication and longitu-
dinal and experimental validation. The DAGs used here are based
on conditional dependence patterns from observational, cross-
sectional data and assume causal sufficiency (i.e. no unmeasured
common causes). Potential unmeasured confounders of speech
production (e.g. language barriers, limited vocabulary) could, in
principle, alter the inferred direction of relationships. These causal
structures are therefore best regarded as hypothesis-generating and
require longitudinal designs for confirmation. Finally, our
hypothesis was restricted to the functional relevance of indepen-
dently assessed FTD; we did not test if other overlapping deter-
minants (negative symptoms, cognitive deficits or intervention)
influence the predictive relationship in this sample. Moreover, we
did not have access to systematic comorbidity data across cohorts,
limiting our ability to determine the contribution of co-occurring
depression or anxiety to SOFAS scores. Our results do not imply
FTD as being the sole contributor for social dysfunction.

To conclude, by integrating latent variable and network
approaches, we provide a unified, empirically grounded framework
for measuring FTD with a brief instrument. Integrating this to
clinical workflows would require prospective validation in routine
clinical settings, demonstrating that the added assessment burden
(around 3 min) produces clinically actionable information beyond
what is captured by unitary dimensional approaches (e.g. the
DSM-5). We call for an evaluation of the utility of prognostic
assessments based on short speech-based assessment of impover-
ishment, loosening and peculiarities in routine clinical practice,
within the limitations posed by psychometric properties reported
here. We anticipate this line of work to provide psychopathological
targets for formal explanatory computational modelling of FTD, as
well as potential targets for interventional research. Our findings
also underscore the need for the development of next-generation
FTD assessment tools, such as those leveraging automated
approaches to achieve superior measurement invariance and serve
as robust end-points in clinical trials.
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