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ABSTRACT
Objectives We aimed to apply natural language 
processing algorithms in routine healthcare records to 
identify reported somatic passivity (external control of 
sensations, actions and impulses) and thought interference 
symptoms (thought broadcasting, insertion, withdrawal), 
first- rank symptoms traditionally central to diagnosing 
schizophrenia, and determine associations with prognosis 
by analysing routine outcomes.
Design Four algorithms were developed on deidentified 
mental healthcare data and applied to ascertain recorded 
symptoms over the 3 months following first presentation 
to a mental healthcare provider in a cohort of patients with 
a primary schizophreniform disorder (ICD- 10 F20- F29) 
diagnosis.
Setting and participants From the electronic health 
records of a large secondary mental healthcare provider in 
south London, 9323 patients were ascertained from 2007 
to the data extraction date (25 February 2020).
Outcomes The primary binary dependent variable for 
logistic regression analyses was any negative outcome 
(Mental Health Act section, >2 antipsychotics prescribed, 
>22 days spent in crisis care) over the subsequent 2 years.
Results Final adjusted models indicated significant 
associations of this composite outcome with baseline 
somatic passivity (prevalence 4.9%; adjusted OR 1.61, 
95% CI 1.37 to 1.88), thought insertion (10.7%; 1.24, 
95% CI 1.15 to 1.55) and thought withdrawal (4.9%; 1.36, 
95% CI 1.10 to 1.69), but not independently with thought 
broadcast (10.3%; 1.05, 95% CI 0.91 to 1.22).
Conclusions Symptoms traditionally central to the 
diagnosis of schizophrenia, but under- represented in 
current diagnostic frameworks, were thus identified 
as important predictors of short- term to medium- term 
prognosis in schizophreniform disorders.

INTRODUCTION
Schizophrenia was originally defined by 
Schneider around a core group of first- 
rank symptoms (FRS), which include 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study was carried out on a very large patient 
sample and identified symptoms from routine 
care instead of specifically recruited and therefore 
less representative cohorts, and our applications 
achieved high- performance metrics.

 ⇒ The patient sample was drawn from an inner urban 
area in South London, so results may not be entirely 
generalisable to the rest of the population.

 ⇒ The recording of exposure variables relied on symp-
toms being elicited and noted by clinicians in rou-
tine practice and therefore cannot be assumed to be 
equivalent to those ascertained in a more research- 
focused interview, just as covariates such as diag-
nosis also were derived from routine clinical records 
and should not be assumed to equate research 
diagnostic criteria; however, we feel that inaccura-
cies in exposure ascertainment were more likely to 
obscure findings of interest through non- differential 
measurement error rather than give rise to spurious 
associations.

 ⇒ Although multiple confounding factors were ac-
counted for, our model- fit measures demonstrate 
model reliability but highlight residual unexplained 
variance possibly due to the influence of other psy-
chotic symptoms as well as additional external fac-
tors that may affect outcomes and should be further 
investigated; our model is useful in correlating pa-
tient outcomes with symptoms at first presentation 
but it is not possible to infer stability of the clinical 
construct over time as the patient is only assessed 
once.

 ⇒ Outcomes analysed were restricted to those most 
readily available from the source data and most like-
ly to be clinically informative; however, they cannot 
be viewed as exhaustive and there may be elements 
of prognosis that were not captured in this study, 
including interactions between outcomes and pre-
vious adverse events that may influence symptom 
occurrence and recording.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-057433 on 2 A

ugust 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-7019-6091
http://orcid.org/0000-0003-1234-4129
http://orcid.org/0000-0002-9259-8788
http://dx.doi.org/10.1136/bmjopen-2021-057433
http://dx.doi.org/10.1136/bmjopen-2021-057433
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-057433&domain=pdf&date_stamp=2022-08-02
http://bmjopen.bmj.com/


2 Magrangeas TT, et al. BMJ Open 2022;12:e057433. doi:10.1136/bmjopen-2021-057433

Open access 

auditory hallucinations (commonly characterised as but 
not limited to hearing one or multiple voices talking to 
or about the patient), delusions of perception (such as 
the sensation of being externally controlled) or thought 
interference (the sensation of having thoughts inserted, 
withdrawn or externally broadcasted against the patient’s 
wishes).1 These symptoms were identified as central to 
diagnosing schizophrenia as they were observed in the 
majority of cases. Still today, recent studies have consis-
tently found FRS in the form of thought interference 
and somatic passivity to be core symptoms of psychotic 
disorders in general and schizophrenia specifically.2–4 A 
comparative study of 13 different diagnostic systems iden-
tified a triad of positive symptoms strongly correlated with 
a schizophrenia diagnosis across all scales, the presence 
of two of which was sufficient to diagnose 78% of patients; 
these were auditory hallucinations, disturbances of affect 
and ‘passivity feelings’ (defined as ‘any delusion of being 
influenced or interfered with by imaginary forces from 
outside, whether somatically or mentally’, and there-
fore, assumed to include thought interference)5; these 
symptoms were all already described in Bleuler’s 1911 
definition of schizophrenia,6 demonstrating historical 
consistency. Somatic passivity and thought interference 
have also been reported to be positively correlated and 
predict the occurrence of schizophrenia or schizoaffec-
tive disorder.7 8

Despite this, ongoing research into the complex mech-
anisms underpinning psychosis manifestations has high-
lighted the wider range of symptoms that can occur and 
encouraged a new approach focused beyond these core 
FRS. For example, different symptoms have been observed 
to occur in clusters, such as somatic passivity and perse-
cutory delusions9 or auditory verbal hallucinations.10 
Environmental factors also seem to influence symptom 
occurrence, leading to debate around the cross- cultural 
relevance of FRS.11 In this context, recent changes to the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM- 5 including the removal of FRS from 
diagnostic criteria12 13 have been welcomed as a valuable 
push towards a better understanding of individual symp-
toms; however, limitations remain as this new focus has 
been criticised for not fully addressing the relationship 
between symptoms; conflicting with most existing guide-
lines for early symptom detection in schizophrenia that 
still heavily rely on FRS; and diverting attention away 
from core psychopathological processes at the disorder’s 
root.14

Importantly, schizophrenia symptoms can directly influ-
ence both behaviour and consequently patient outcomes; 
for example, indirectly leading to violence through the 
occurrence of delusions.15 FRS absence has been found 
to correlate with better outcomes, leading to a proposed 
redefinition of schizophrenia as a continuum, exhibiting 
a positive linear relationship between psychotic symptoms 
and outcomes.16–18 Furthermore, the prevalences of indi-
vidual symptoms appear to vary between early- onset and 
late- onset cases, reflecting complex interactions between 

symptoms and disease development.19–21 This evidence 
suggests that patient outcomes are better in schizo-
phrenia in the absence of FRS17 but offers no insight into 
prognosis once present or into relationships between 
symptoms. While some authors have identified differing 
effects on outcomes, with passivity predicting a wors-
ened prognosis in contrast to interference,17 others have 
highlighted a possible link, as both phenomenologically 
reflect a belief in external control, suggesting they may 
have a synergistic effect on outcomes8 22 23 or even consti-
tute components of the same delusion10 24 or syndrome.25 
Overall, these studies highlight the significance of positive 
symptoms individually and as a group, suggesting possible 
correlations and reflecting the overlap in their occur-
rence, although the degree of overlap is rarely quantified.

The evidence highlighted here reflects the importance 
of clarifying the role of FRS in prognosis to understand 
which aspects of schizophrenia should be at the core of its 
diagnosis. Modern technologies have allowed the devel-
opment of new tools allowing the analysis of large datasets 
using automated software. This is the goal of the South 
London and Maudsley (SLaM) National Health Service 
(NHS) Foundation trust Clinical Record Interactive 
Search (CRIS) platform was developed in 2008 to enable 
research on a deidentified copy of the Trust’s electronic 
health records (used across all services since 2006) within 
a robust governance and data security framework.24 All 
the clinical notes of patients are recorded in a deidenti-
fied format on this database. Natural language processing 
(NLP) algorithms are then used to study these docu-
ments; these are algorithms that can be trained to recog-
nise entities of interest and their context in free text, for 
example the mention of ‘thought interference’ in a way 
that indicates that a patient is experiencing this symptom.

This study aimed to develop and evaluate four NLP 
algorithms to detect the recording of thought inter-
ference subcomponents (broadcasting, insertion, with-
drawal) and somatic passivity across this database. Other 
algorithms had already been developed to capture the 
recorded occurrence of other important positive symp-
toms of psychosis (paranoia, auditory hallucinations, 
persecutory delusions) and were used to define poten-
tial covariates. We focused on individuals diagnosed 
with a schizophreniform disorder and analysed patient 
outcomes in this population. Our focus on thought 
interference and somatic passivity as particular symp-
toms aimed to clarify the interactions described previ-
ously which suggested a particularly strong relationship 
between these symptoms; in addition, they were chosen 
as potentially tractable to extraction at scale from 
routine mental healthcare data via NLP. Being described 
in relatively consistent language in clinical records, they 
made a pragmatic choice for further investigation in 
contrast to other symptoms such as running commen-
tary hallucinations which are typically described with 
greater linguistic heterogeneity (ie, based on the indi-
vidual experience of patients rather than a set vocabu-
lary), and therefore, harder to study with this approach.
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METHODS
Context
We used data extracted from the electronic mental health 
clinical notes records of patients at the SLaM NHS Foun-
dation Trust, one of the largest mental health service 
providers in Europe, serving a geographic catchment 
of four South London boroughs (Southwark, Lambeth, 
Lewisham, Croydon) with around 1.3 million residents. 
The Trust provides care to 37 500 active patients, with 
12 000–14 000 clinical events per week covering a diverse 
range of interventions in the community and in the 
inpatient setting.26 27 SLaM’s Clinical Record Interactive 
Search (CRIS) platform was developed in 2008 to enable 
research on a deidentified copy of the Trust’s electronic 
health records (used across all services since 2006) within 
a robust governance and data security framework.24 
CRIS has been described in detail previously28 29 and has 
supported over 250 research publications to date.

Patient sample
All patients aged 16–95 with a primary F20–F29 disorder 
diagnosis according to the 10th revision of the Interna-
tional Statistical Classification of Diseases and Related 
Health Problems (ICD- 10) criteria recorded from 2007 to 
extraction date (25 February 2020) were included. This 
age range was chosen to cover patients transitioning to 
adult mental healthcare, commonly occurring from age 
16; patients with no recorded date of birth appear on the 
system as aged 100+ and represented all the individuals 
above age 95; they were, therefore, excluded to avoid 
skew when correcting for age. According to these criteria, 
9536 patients were identified. Thought interference 
and somatic passivity occurrence in 3 months following 
first presentation at SLaM (defined as first face- to- face 
contact) was sought. If multiple diagnoses were then 
recorded for the same patient, first diagnosis was used. 
This cut- off was chosen to allow time for clinicians to 
assess all patients and record their symptoms accurately 
and focus on patients presenting with these symptoms as 
first presentation rather than later development. Partici-
pants who died within this period were excluded. Of the 
initial 9536 patients, 9323 (97.8%) were included, 57.9% 
of whom were male. Mean age at inclusion was 39.9 years 
(SD=17.3).

Exposure variables and software development
CRIS data have been enhanced over the last 10 years by 
a range of NLP algorithms allowing a hitherto unavail-
able level of detail to be generated at scale from routine 
healthcare data, taking advantage of the level of detail 
recorded in extensive text fields. The algorithms, over 
90 to date, are described individually in an open- access 
online catalogue,30 including detailed information on 
definitions and performance. A particular objective has 
been to provide, at scale, broader phenotypic informa-
tion on people presenting with mental disorders than that 
supplied by clinician- assigned diagnostic codes, through 
the extraction of recorded symptoms with 60 algorithms 

to date developed to ascertain individual symptoms across 
psychotic and affective disorders.31 Contributing to this 
wider initiative, and with the specific rationale in mind 
for this study, we developed four new algorithms to iden-
tify instances of recorded somatic passivity and thought 
insertion, withdrawal and broadcasting in CRIS using 
the TextHunter platform,32 a tool used to present short 
segments of text to an annotator in order to provide rapid 
large samples for the training of machine learning algo-
rithms, as well as a platform for independent evaluation 
of algorithm output (figure 1).

The data analysed consisted of deidentified text from 
all inpatient and outpatient clinical notes and corre-
spondence. The algorithms used were applied to text 

Figure 1 Flow chart illustrating the development of 
algorithms via the TextHunter platform. TextHunter allows 
a training dataset of text strings containing wording of 
interest to be presented in an easy visual form for researcher 
annotation. The development process is identical for all 
algorithms relating to symptoms recorded in clinical text. 
CRIS, Clinical Record Interactive Search.
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surrounding relevant keywords corresponding to each 
variable of interest; these keywords were defined by the 
authors to ensure detecting as wide a range of formula-
tions as possible. For example, to detect free- text mentions 
of passivity delusions, the keyword “passiv*” was used, 
with the asterisk allowing for different formulations such 
as “passive” or “passivity”. The documents identified were 
then manually annotated via the TextHunter platform 
to train the algorithm to automatically determine if this 
was relevant; for example, text stating that ‘the patient 
described passive external control of actions’ would be 
marked as positive, text stating ‘the patient described a 
passive lifestyle’ would be marked as irrelevant, and text 
stating ‘no passivity’ would be marked as a negation state-
ment. Once the algorithm had been optimised, inde-
pendent evaluation took place on novel text to ascertain 
precision (proportion of algorithm- identified positive 
instances found to be correct on evaluation) and recall 
(proportion of positive entities identified as such by the 
algorithm) statistics. Testing the performance of the algo-
rithm over the entire CRIS database was performed by 
checking 100 random annotated documents produced by 
the algorithm and 100 random unannotated documents 
using keyword searches. this constituted a gold- standard 
set from which a second researcher double annotated 
a proportion of the retrieved documents to determine 
inter- rater reliability using Cohen’s kappa. The process 
was iterative and sought to achieve P and R values over 
80%. High- performance metrics were attained (online 
supplemental table 1). For primary analyses, positive 
indications of the three symptoms representing thought 
interference (thought insertion, thought withdrawal, 
thought broadcast) were combined under that a single 
entity with secondary analyses considering them sepa-
rately; all symptoms were defined as binary variables 
according to their recording or not in the first 3 months 
after first presentation.

Outcomes
Occurrence of negative outcomes was recorded over 
2 years following first presentation at SLaM. Three 
outcomes were evaluated: (1) highest- quartile time spent 
as an inpatient or receiving support from a home treat-
ment team in the community since first presentation 
(defined as 22 days or more); (2) receiving more than 
two antipsychotics and (3) involuntary psychiatric hospi-
talisation defined as detention for assessment or treat-
ment under sections 2 or 3 of the UK Mental Health Act 
(MHA).

Covariates
Included covariates were as follows: gender, ethnic 
group, age at first SLaM presentation, diagnosis, Index 
of Multiple Deprivation (IMD) score and presence 
of recorded paranoia, persecutory delusions or audi-
tory hallucinations. Age was categorised by decades for 
descriptive analyses but applied as a continuous variable 
otherwise. Diagnoses were recorded as a binary variable, 

distinguishing schizophrenia (ICD- 10 F20x) from other 
schizophreniform disorders (F21–F29).33 The IMD score 
is a measure of neighbourhood deprivation, applied 
at lower super output area level (a standard national 
address code containing an average 1500 residents), and 
derived from composite national Census measures. This 
was divided in quartiles ranging from low (1) to high (4) 
deprivation. The presence of paranoia, auditory hallu-
cinations and persecutory delusions, three common 
psychotic symptoms in schizophrenia either previously 
suggested to strongly interact with passivity20 34 or in the 
case of paranoia to constitute a syndrome distinct from 
that characterised by the presence of hallucinations or 
other delusions,24 was also ascertained for adjustment, 
using previously developed NLP algorithms.31

Statistical analysis
All analyses were carried out using Stata V.15.1 software. 
Initial descriptive analyses assessed overlap between symp-
toms, demographic/clinical factors and other psychotic 
symptoms. After describing the prevalence of outcomes 
by covariate, logistic regression models were assembled 
to investigate associations and their independence in 
relation to each binary outcome. Adjusted R- squared was 
used to assess model fit. Secondary analyses studied the 
impact of adjusting for covariates individually to clarify 
potential confounding effects. Finally, Poisson regression 
models investigated the relationship between number of 
negative outcomes and number of symptoms experienced 
as well as between number of negative outcomes and each 
individual symptom. Additional linear regression was 
carried out to study the relationship between symptoms 
and number of antipsychotics prescribed, assessing the 
reliability of the latter as a marker of negative outcome.

Patient and public involvement
The study proposal was reviewed and approved by the 
patient- led CRIS oversight committee prior to project 
commencement. No other consultations were made with 
patients or the public.

RESULTS
Table 1 describes symptom prevalence levels by demo-
graphic and clinical groups. Thought interference and 
somatic passivity were more common in younger patients 
and marginally higher in men compared with women 
but showed no consistent associations with ethnicity or 
neighbourhood deprivation. Both symptoms occurred 
more often in the presence of other psychotic symp-
toms but did not differ substantially between comparison 
diagnostic groups. Descriptive results indicated that the 
symptoms of interest overlapped. This was further anal-
ysed by describing the co- occurrence of symptoms and 
later analysing the correlation between this and negative 
outcomes. Degree of overlap between the subcompo-
nents of thought interference are summarised in online 
supplemental tables 2 and 3 describes overlap between 
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Table 1 Symptom prevalence by demographic characteristics and diagnoses, and overlap with other psychotic symptoms

None (%)

Interference 
without 
passivity (%) Broadcast (%) Insertion (%) Withdrawal (%)

Passivity 
without 
interference 
(%)

Interference 
and passivity 
(%) Total

Total participants 77.0 12.8 10.3 10.7 4.9 4.9 5.2 9323

Age at diagnosis

  16–25 65.8 19.3 16.1 17.4 7.8 6.3 8.5 2131

  26–35 72.4 14.8 12.7 12.5 6.0 5.9 6.9 2457

  36–45 80.2 11.3 8.6 8.7 4.4 4.3 4.2 1799

  46–55 82.8 10.2 6.9 8.1 3.6 3.8 3.2 1241

  56–65 87.6 6.9 4.1 4.8 2.0 3.8 1.7 651

  66–75 91.0 4.8 3.0 4.0 0.5 2.6 1.6 568

  76–85 93.5 3.4 2.6 1.6 1.0 2.9 0.3 383

  86–95 92.5 6.5 5.4 2.2 0.0 1.1 0.0 93

Gender

  Female 80.3 11.2 8.5 10.2 3.8 4.4 4.2 3920

  Male 74.7 14.1 11.5 11.1 5.7 5.3 6.0 5399

Ethnicity

  Black 74.9 14.1 11.2 11.7 5.5 5.4 5.7 3065

  South Asian 76.1 16.3 12.0 11.6 7.3 2.7 5.0 301

  Chinese 72.4 9.2 10.5 7.9 2.6 10.5 7.9 76

  Other Asian 72.7 13.3 13.7 12.3 6.8 3.8 10.2 293

  White 78.3 12.4 10.1 10.3 4.4 4.6 4.8 3631

  Other/unknown 79.0 11.4 8.3 9.6 4.3 5.0 4.6 1957

Index of Multiple 
Deprivation (IMD)

  IMD quartile 1 78.1 12.7 10.5 9.9 4.7 4.4 4.8 2331

  IMD quartile 2 77.5 12.1 9.7 10.3 4.5 5.1 5.3 2331

  IMD quartile 3 75.7 13.1 10.5 11.7 5.2 5.3 5.8 2338

  IMD quartile 4 76.8 13.4 10.3 10.8 5.4 4.8 5.0 2323

Diagnosis

  Schizophrenia 
diagnosis (F20)

78.2 12.0 9.8 9.5 4.7 4.9 4.9 3475

  Schizotypal/non- 
mood psychotic 
disorder (F21–29)

75.3 13.4 10.5 11.4 5.0 4.9 6.5 5848

Other psychotic 
symptom

  Paranoia present 73.2 15.0 12.2 12.5 5.7 5.7 6.2 7478

  Paranoia absent 92.7 4.5 2.5 3.5 1.8 1.7 1.1 1845

  Auditory 
hallucinations 
present

65.8 18.4 16.2 16.7 7.3 6.9 9.0 4971

  Auditory 
hallucinations 
absent

89.9 6.5 3.5 3.8 2.2 2.6 1.0 4352

  Persecutory 
delusions present

66.2 18.1 15.6 16.4 7.0 7.3 8.4 4375

  Persecutory 
delusions absent

86.0 8.2 5.6 5.6 3.1 2.8 2.4 4984
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passivity, thought interference and the other positive 
symptoms included as covariates.

Using logistic regression, ORs were calculated to further 
study overlap between symptoms (online supplemental 
table 4), reiterating increased prevalence of thought 
interference and somatic passivity when other symptoms 
are present. Thought insertion and broadcasting were 
strongly correlated (OR=11.67) as were insertion and 
withdrawal (OR=12.10), whereas there was a weaker asso-
ciation between broadcast and withdrawal (OR=6.05). 
Somatic passivity was relatively strongly associated with 
broadcast (OR=5.13) and insertion (OR=6.66) but was 
more strongly associated with other psychotic symptoms 
such as paranoia (OR=4.67) and auditory hallucinations 
(OR=4.99) than with thought withdrawal (OR=3.86).

Table 2 describes outcome distributions. Younger 
patients, patients from black ethnic groups and patients 
from higher deprivation neighbourhoods were at greater 
risk of negative outcomes. Patients with schizophrenia 
were less likely to have an MHA section or higher time 
in crisis care than those with other diagnoses but more 
likely to be prescribed multiple antipsychotics. Negative 
outcomes were higher in patients with reported paranoia, 
auditory hallucinations or persecutory delusions and in 
those with thought interference or somatic passivity. 
As mentioned previously, based on past descriptions of 
symptoms as co- occurring, we described their overlap in 
online supplemental tables 2 and 3. Similarly, we investi-
gated whether our outcomes of interest occurred inde-
pendently or together. Online supplemental table 5 
describes overlap between outcomes.

Table 3 summarises logistic regression analyses for any 
negative outcome. Unadjusted models showed signifi-
cant associations with somatic passivity and all compo-
nents of thought interference, and these remained 
significant after adjustments except thought broadcast. 
Although confidence intervals overlapped, associations 
with somatic passivity were consistently strongest. Post 
hoc investigations of those with non- overlapping somatic 
passivity and thought interference showed a significant 
association with somatic passivity (OR 1.57, 95% CI 1.27 
to 1.95) but not with thought interference (OR 1.11, 
95% CI 0.97 to 1.27).

Table 4 displays further analyses of individual outcomes. 
Associations with somatic passivity remained significant 
for all after adjustments. Thought interference and 
insertion specifically were independently associated with 
higher time spent in crisis care and greater numbers of 
antipsychotics used, but not with MHA sections. Thought 
broadcast specifically was not independently associated 
with any outcome, and thought withdrawal was only asso-
ciated with higher time spent in crisis care and MHA 
sections. Aside from thought withdrawal, all other symp-
toms had the weakest association with MHA sections.

Table 5 summarises analyses investigating adjustments 
by individual covariates. For both somatic passivity 
and thought interference, strongest reductions in OR 
occurred following adjustments for age and the other 

three psychotic symptoms; however, OR for somatic 
passivity remained stronger throughout. Estimated 
marginal means (EM) were calculated to determine the 
likelihood of negative outcomes at different ages (online 
supplemental table 6); this showed a decrease in risk 
inversely proportional to age: for a patient with somatic 
passivity, at age 20 EM=59.6% (58.0%–61.1%); at age 90, 
EM%=21.5% (19.2%–23.8%). For a patient with thought 
interference, at age 20 EM=59.1% (57.6%–60.7%); at 
age 90, EM=22.2% (19.8%–24.6%). Finally, exploratory 
testing investigating the cumulative relationship between 
symptoms and outcomes, calculating the odds of expe-
riencing multiple negative outcomes in relation to the 
sum of individual symptoms and to each individual 
symptom and illustrated using EM, described a 14.9% 
increase in the risk of multiple negative outcomes when 
experiencing no versus all four symptoms, from 73.1% 
to 88.0%. Consistently with identified trends, somatic 
passivity was the individual symptom with the greatest 
impact (adjusted OR=1.16 (95% CI 1.09 to 1.23)) and 
thought broadcasting had no significant effect after 
adjustment (OR=0.99 (95% CI 0.92 to 1.05)). Regres-
sion analysis identified a significant interaction between 
somatic passivity and number of antipsychotics (p<0.05; 
adjusted R- squared=0.1031). Thought interference and 
its subcomponents, also included in the model, had no 
significant effect (online supplemental table 7).

DISCUSSION
Having developed NLP algorithms to extract recorded 
thought interference and somatic passivity in routine 
electronic mental health records, we investigated their 
associations with negative outcomes over a 2- year period 
following first- recorded diagnosis of schizophrenia or a 
schizophreniform disorder. Both symptoms were associ-
ated with a significantly increased risk of experiencing 
negative outcomes, somatic passivity having the strongest 
associations after full adjustment. This is broadly consis-
tent with previous reports that experiencing these symp-
toms is predictive of negative outcomes: Stephen et al16 
found the absence of somatic passivity to correlate with 
better outcomes in 66% of patients; Koehler17 found 
no significant difference in outcomes between patients 
experiencing any thought interference subcomponent 
or somatic passivity but concluded that their absence was 
predictive of a better prognosis. Malinowski et al found 
that thought broadcasting seemed predictive of disease 
continuation without remission, but that this effect was 
no longer significant after adjusting for external factor 
influence (specifically, untreated psychosis duration and 
drug abuse)35; accordingly, although different covariates 
were included, our results suggest that thought broadcast 
does not have a significant effect on outcome. Similar 
prevalence and overlap between thought insertion, with-
drawal and broadcasting suggests that this cannot be due 
to broadcasting occurring more frequently in isolation. 
It is interesting to note that aside from broadcasting, 
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Table 2 Two- year incidence of negative outcomes by symptom and covariate groups

Covariate
Any negative 
outcome (%) MHA section (%)

>2 antipsychotics 
prescribed (%)

>22 days spent 
in crisis care 
(%)

Total 
participants

Interference/
passivity

  None 42.7 31.8 21.9 10.6 7181

  Interference without passivity 61.4 46.5 31.6 32.6 1198

   Broadcast 63.3 47.4 34.2 34.9 956

   Insertion 67.4 49.9 36.6 38.1 997

   Withdrawal 66.9 52.1 36.2 40.1 459

  Passivity without interference 68.2 49.8 36.4 35.7 456

  Interference and passivity 72.3 54.5 42.2 43.2 488

  Total participants 47.9 35.8 24.9 25.0 9323

Age at diagnosis

  16–25 61.0 48.6 32.7 36.8 2131

  26–35 52.8 40.7 27.0 26.1 2457

  36–45 55.3 32.9 22.5 21.2 1799

  46–55 54.1 31.7 23.8 20.9 1241

  56–65 33.5 21.8 17.8 16.9 651

  66–75 29.9 17.8 15.7 16.2 568

  76–85 24.3 15.4 11.7 13.3 383

  86–95 24.7 14.0 14.0 12.9 93

Gender

  Female 46.9 35.2 25.1 24.2 3920

  Male 48.6 36.2 24.8 25.6 5399

Ethnicity

  Black 57.5 47.6 30.0 31.3 3065

  South Asian 43.5 30.2 24.9 19.3 301

  Chinese 50.0 44.7 15.8 21.1 76

  Other Asian 48.1 36.2 27.3 23.9 293

  White 43.9 31.1 23.3 22.1 3631

  Other/unknown 40.7 26.4 20.0 21.7 1957

Index of Multiple Deprivation (IMD)

  IMD quartile 1 45.6 32.9 24.5 23.1 2331

  IMD quartile 2 46.3 33.6 25.0 24.2 2331

  IMD quartile 3 50.3 38.1 25.8 26.6 2338

  IMD quartile 4 49.2 38.4 24.3 26.1 2323

Diagnosis

  Schizophrenia diagnosis (F20) 44.4 30.6 29.9 22.2 3475

  schizotypal/non- mood psychotic 
disorder (F21–29)

49.9 38.8 22.0 26.7 5848

Other symptoms

  Paranoia present 53.9 41.0 27.7 28.9 7478

  Paranoia absent 23.6 14.5 13.5 9.4 1845

  Auditory hallucinations present 58.2 43.8 31.3 31.7 4971

  Auditory hallucinations absent 36.0 26.6 17.6 17.3 4352

  Persecutory delusions present 62.2 49.2 31.9 34.4 4375

Continued
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these symptoms remained significantly associated with 
negative outcomes after including common non- FRS of 
schizophrenia in our covariates, namely paranoia, audi-
tory hallucinations and persecutory delusions, suggesting 
the importance of their link with negative outcomes. 
Secondary testing identified a unique significant effect of 
somatic passivity on number of antipsychotics prescribed, 
possibly reflecting poorer response leading to worsened 
outcomes; importantly, this outcome may reflect a degree 
of treatment resistance not investigated here but likely 
to influence patient prognosis. Our findings suggest that 
somatic passivity and thought interference subcompo-
nents correlate with an increased risk of experiencing 
negative outcomes, some more strongly than others. 
In contrast, it is interesting to note that no particular 
outcome appeared to be disproportionately correlated 
with symptoms. Although the OR of an MHA section 
being in place were less strong than other outcomes, 
this reflects that their use is reserved for the most unwell 
patients who refuse or lack capacity to accept voluntary 
community treatment. Overall, the odds of all three 
outcomes increased in a similar fashion in the presence 
of thought interference and somatic passivity, reflecting a 
generally worsened prognosis.

Nuevo et al18 described schizophrenia symptoms as a 
continuum whereby the experience of multiple symptoms 
predicts a worse prognosis. Our finding that patients with 
either or both thought interference and somatic passivity 

were more likely to experience negative outcomes than 
those for whom these symptoms were absent supports this. 
Exploratory analyses suggested a significant relationship 
between number of symptoms experienced and negative 
outcome occurrence; however, our results also suggest 
that each symptom has a different impact on outcomes 
which was not always individually significant, and that 
the presence of multiple symptoms may even sometimes 
reduce the frequency of negative outcomes: for example, 
patients experiencing somatic passivity only may have 
poorer outcomes than those with both this and thought 
interference. One explanation may be that reporting 
thought interference to clinicians requires greater insight 
from the patient, contributing to better outcomes and 
facilitating voluntary treatment such as that offered by 
crisis care teams with which more patients experiencing 
thought insertion and withdrawal engaged. The recording 
of exposure variables relied on symptoms being elicited 
and noted by clinicians in routine practice and therefore 
cannot be assumed to be equivalent to those ascertained 
in a more research- focused interview, just as covariates 
such as diagnosis also were derived from routine clinical 
records and should not be assumed to equate research 
diagnostic criteria; however, we feel that inaccuracies in 
exposure ascertainment were more likely to obscure find-
ings of interest through non- differential measurement 
error rather than give rise to spurious associations. Unfor-
tunately, although mandatory hospitalisation under the 

Covariate
Any negative 
outcome (%) MHA section (%)

>2 antipsychotics 
prescribed (%)

>22 days spent 
in crisis care 
(%)

Total 
participants

  Persecutory delusions absent 35.7 23.7 18.6 16.6 4984

MHA, Mental Health Act.

Table 2 Continued

Table 3 Unadjusted and adjusted OR for the occurrence of any negative outcome in the presence of thought interference and 
somatic passivity

Outcome: any negative outcome
Unadjusted
OR (95% CI)

Adjusted*
OR (95% CI)

Adjusted model pseudo 
R- squared

Somatic passivity 2.86 (2.47 to 3.31) 1.61 (1.37 to 1.88) 0.12

Interference 2.30 (2.07 to 2.57) 1.25 (1.11 to 1.41) 0.12

  Broadcast 2.01 (1.75 to 2.31) 1.05 (0.91 to 1.22) 0.12

  Insertion 2.47 (2.15 to 2.84) 1.24 (1.15 to 1.55) 0.12

  Withdrawal 2.29 (1.88 to 2.79) 1.36 (1.10 to 1.69) 0.12

Interference or passivity 2.54 (2.29 to 2.80) 1.30 (1.19 to 1.42) 0.12

Both interference and passivity 1.73 (1.57 to 1.92) 1.24 (1.11 to 1.38) 0.12

Post hoc: passivity without interference 2.44 (1.99 to 2.98) 1.57 (1.27 to 1.95) 0.12

Post hoc: interference without passivity 1.88 (1.66 to 2.13) 1.11 (0.97 to 1.27) 0.12

*Adjusted for age at diagnosis, gender, ethnicity, diagnosis, IMD quartile and presence of paranoia, auditory hallucinations, persecutory 
delusion.
IMD, Index of Multiple Deprivation.
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MHA reflects a need for crisis care, it is not possible with 
these algorithms to determine what interventions patients 
received and responded to in that context specifically. 

However, guideline consistency since 2007 suggests that 
patients represented in this analysis should have received 
similar standards of care across the time period sampled. 

Table 4 Unadjusted and adjusted ORs for associations of each negative outcome with the presence of somatic passivity, 
thought interference, broadcasting, insertion and withdrawal

Exposure: somatic passivity
Unadjusted
OR (95% CI)

Adjusted*
OR (95% CI)

Adjusted model pseudo 
R- squared

Any negative outcome 2.86 (2.47 to 3.31) 1.61 (1.37 to 1.88) 0.12

>22 days spent in crisis care 2.15 (1.87 to 2.48) 1.33 (1.15 to 1.54) 0.08

MHA section 2.13 (1.86 to 2.44) 1.23 (1.06 to 1.42) 0.13

>2 antipsychotics prescribed 2.14 (1.86 to 2.46) 1.43 (1.23 to 1.66) 0.07

Exposure: thought interference

Any negative outcome 2.30 (2.07 to 2.57) 1.25 (1.11 to 1.41) 0.12

>22 days spent in crisis care 1.89 (1.69 to 2.12) 1.13 (1.00 to 1.28) 0.08

MHA section 1.95 (1.75 to 2.17) 1.08 (0.96 to 1.21) 0.13

>2 antipsychotics prescribed 1.80 (1.60 to 2.01) 1.16 (1.02 to 1.31) 0.07

Exposure: thought broadcasting

Any negative outcome 2.01 (1.75 to 2.31) 1.05 (0.91 to 1.22) 0.12

>22 days spent in crisis care 1.71 (1.49 to 1.97) 1.01 (0.87 to 1.18) 0.08

MHA section 1.71 (1.50 to 1.96) 0.92 (0.80 to 1.07) 0.13

>2 antipsychotics prescribed 1.66 (1.44 to 1.91) 1.05 (0.90 to 1.22) 0.07

Exposure: thought insertion

Any negative outcome 2.47 (2.15 to 2.84) 1.34 (1.15 to 1.56) 0.12

>22 days spent in crisis care 2.01 (1.75 to 2.31) 1.21 (1.05 to 1.40) 0.08

MHA section 1.93 (1.69 to 2.20) 1.06 (0.92 to 1.23) 0.13

>2 antipsychotics prescribed 1.88 (1.64 to 2.16) 1.22 (1.05 to 1.41) 0.07

Exposure: thought withdrawal

Any negative outcome 2.29 (1.88 to 2.79) 1.36 (1.10 to 1.69) 0.12

>22 days spent in crisis care 2.09 (1.73 to 2.54) 1.37 (1.12 to 1.68) 0.08

MHA section 2.02 (1.68 to 2.44) 1.23 (1.01 to 1.51) 0.13

>2 antipsychotics prescribed 1.76 (1.45 to 2.14) 1.21 (0.98 to 1.48) 0.07

*Adjusted for age at diagnosis, gender, ethnicity, diagnosis, IMD quartile and presence of paranoia, auditory hallucinations, persecutory 
delusion.
IMD, Index of Multiple Deprivation; MHA, Mental Health act.

Table 5 Logistic regression analysis of associations with any negative outcome adjusting separately for individual covariates

Outcome: any negative outcome Somatic passivity Thought interference

Unadjusted 2.86 (2.47–3.31) 2.30 (2.07–2.57)

Adjusted for age at diagnosis 2.47 (2.13–2.86) 1.94 (1.73–2.17)

Adjusted for gender 2.85 (2.46–3.30) 2.30 (2.06–2.57)

Adjusted for ethnicity 2.85 (2.46–3.30) 2.28 (2.04–2.55)

Adjusted diagnosis 2.86 (2.47–3.31) 2.30 (2.06–2.56)

Adjusted for IMD quartile 2.86 (2.47–3.31) 2.30 (2.06–2.57)

Adjusted paranoia 2.43 (2.09–2.82) 1.94 (1.74–2.17)

Adjusted for auditory hallucinations 2.23 (1.92–2.59) 1.80 (1.61–2.02)

Adjusted for persecutory delusions 2.23 (1.91–2.59) 1.82 (1.63–2.04)

IMD, Index of Multiple Deprivation.
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Overall, although there does seem to be a trend of wors-
ening outcomes as symptoms accumulate, it would be 
overly simplistic to claim that this effect is purely additive.

Interestingly, of the covariates investigated, only age had 
a substantial confounding effect, negatively correlated 
with symptoms and outcomes of interest. In the past, 
thought insertion and withdrawal have been reported as 
more common in early- onset cases and somatic passivity 
as more frequent in late- onset cases.11 Because of chal-
lenges in establishing whether patients were previously 
diagnosed in another service before presenting at 
SLaM, it is not possible to equate first presentation here 
with first- episode psychosis, particularly in older indi-
viduals who may have longer standing diagnoses and 
recently in- migrated to the catchment. This first presen-
tation sample is, therefore, better viewed as one which 
is enriched with first- episode cases rather than directly 
equivalent. Furthermore, as our database consists of real- 
life data patients do not always have consistent follow- up 
or repeat assessments, including due to external factors 
not related to the patient’s care. Our model is, therefore, 
useful in correlating patient outcomes with symptoms at 
first presentation but it is not possible to infer stability 
of the clinical construct over time as the patient is only 
assessed once. Although age at diagnosis may not accu-
rately reflect age at disease onset and doesn't account for 
possible changes in symptom profile as patients age, our 
results suggest that both symptoms are more frequent in 
younger patients, leading to a worsened prognosis. In 
this context, it would be interesting, in future research, 
to investigate symptom stability over time and how prog-
nosis might also change with this.

Other external factors such as level of education or spir-
itual beliefs may play a role in the personal interpretation 
of abnormal experiences and have consequently affected 
outcomes. We developed a model that suggested the exis-
tence of significant interactions between thought inter-
ference, somatic passivity and the occurrence of negative 
outcomes. As shown in online supplemental tables 2 and 
3, these symptoms overlapped in many patients as well as 
with other psychotic symptoms, and so did the negative 
outcomes under scrutiny. The overlap observed before 
further analyses suggested that there may exist inter-
actions linking these factors and directed our analyses 
towards the development of a model to understand these 
better. The algorithms we developed to create this model 
achieved high- performance metrics and our model- fit 
measures demonstrate model reliability but highlight that 
the variance remains in great part unexplained, likely due 
to the role of other factors not included here. This could 
be usefully explored in further studies to refine models 
assessing patient prognosis. Furthermore, our patient 
sample was drawn from an inner- urban South- London 
population and results may be different in other patient 
groups, although the large sample size should mitigate 
this effect.

Paranoia, persecutory delusions and auditory halluci-
nations were included as covariates due to past evidence 

suggesting a correlation with thought interference and 
somatic passivity. The primary purpose of this study was 
to characterise symptoms of thought interference and 
passivity, and other symptoms, such as negative and disor-
ganised symptoms, were not included. Broader symptom 
profiles should be investigated in future research. Inter-
actions between outcomes should also be studied; for 
example, it is not unreasonable to propose that the 
prescription of fewer antipsychotics may correlate with 
reduced hospitalisation time. To this effect, a harmoni-
sation of definitions would be useful to enable the devel-
opment of algorithms studying symptoms described more 
heterogeneously. Outcomes analysed were restricted to 
those most readily available from the source data and most 
likely to be clinically informative; however, they cannot be 
viewed as exhaustive and there may be elements of prog-
nosis that were not captured in this study, including inter-
actions between outcomes and previous adverse events 
that may influence symptom occurrence and recording.

Although to be treated with caution, as not tested for 
significance, our descriptive results provide potential 
directions for future research and support the notion 
that psychotic symptoms share more complex interac-
tions than previously described. Somatic passivity has 
been suggested to cluster with different symptoms such as 
persecutory delusions4 or auditory- verbal hallucinations,5 
and thought interference has sometimes been described 
as a component of somatic passivity.18 36 We found that 
subcomponents of thought interference traditionally 
assumed to closely correlate may actually more commonly 
occur alongside other symptoms; for example, the odds 
of experiencing thought insertion alongside somatic 
passivity were greater than those of withdrawal and broad-
casting co- occurring. In a study attempting to link delu-
sions to putative underlying neurobiological mechanisms, 
Kimhy et al called for new symptom definitions that would 
focus on underlying mechanisms rather than phenom-
enological descriptions.23 Each delusion was described 
then grouped with others based on correlation, enabling 
the grouping of symptoms that share significant interac-
tions while maintaining their individuality. This approach 
enables a less biased study of psychotic symptoms relying 
less on traditional groupings and may allow more accu-
rate descriptions of symptom interactions. Additionally, 
thought interference and somatic passivity have previ-
ously been found to be closely related and predictive of 
schizophrenia.13 36–38 Our results support reports that 
these symptoms share a positive correlation20 but ques-
tion their specificity to schizophrenia and usefulness in 
differentiating this from other psychotic disorders, partic-
ularly as both were absent in 77% of patients. Somatic 
passivity has been reported to be the most common 
symptom experienced in schizophrenia6 and first- episode 
psychosis24; however, in our study thought interference 
was almost twice as commonly recorded. Overall, it would 
be interesting to repeat these analyses in the future with a 
broader range of diagnoses including affective psychoses 
in which they also occur to determine whether these 
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symptoms could be more specific to other conditions or 
used to assess patient prognosis.

CONCLUSION
This study developed NLP applications to detect the 
recorded presence of somatic passivity, thought interfer-
ence and its subcomponents in patients within 3 months 
of their first presentation and analysed negative outcome 
occurrence over the two following years to investigate the 
relationship between these specific FRS and patient prog-
nosis. We observed a significant effect of somatic passivity, 
thought interference and its subcomponents thought 
insertion and withdrawal on the likelihood of experi-
encing any negative outcome. We also offer evidence that 
psychotic symptoms traditionally associated with schizo-
phrenia may not be specific to this disorder and share 
complex interactions, putting in question current defini-
tions and warranting further investigation to determine 
whether it is correct to consider thought insertion, with-
drawal and broadcasting as parts of the same symptom. 
Overall, the presence of somatic passivity and thought 
interference was found to significantly increase the risk 
of experiencing negative outcomes in psychosis; somatic 
passivity had the greatest effect. Future research should 
focus on acquiring a better understanding of these 
effects, including by investigating other psychotic symp-
toms to determine the more detailed pathways through 
which these interact with prognosis in schizophrenia and 
other types of psychosis. Future studies should investigate 
these correlations and reliable markers of outcomes to 
develop standardised tools enabling a better evaluation 
of patient prognosis. In addition, it would be interesting 
to study which antipsychotics specifically were prescribed 
and whether patients may have had a better response 
to specific medication, reflective of a general lack of 
response to individual antipsychotics in schizophrenia 
rather than the presence of refractory disease.
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