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ABSTRACT
Objectives  The first aim of this study was to design 
and develop a valid and replicable strategy to extract 
physical health conditions from clinical notes which are 
common in mental health services. Then, we examined 
the prevalence of these conditions in individuals 
with severe mental illness (SMI) and compared their 
individual and combined prevalence in individuals with 
bipolar (BD) and schizophrenia spectrum disorders 
(SSD).
Design  Observational study.
Setting  Secondary mental healthcare services from South 
London
Participants  Our maximal sample comprised 17 500 
individuals aged 15 years or older who had received 
a primary or secondary SMI diagnosis (International 
Classification of Diseases, 10th edition, F20-31) between 
2007 and 2018.
Measures  We designed and implemented a 
data extraction strategy for 21 common physical 
comorbidities using a natural language processing 
pipeline, MedCAT. Associations were investigated 
with sex, age at SMI diagnosis, ethnicity and social 
deprivation for the whole cohort and the BD and SSD 
subgroups. Linear regression models were used to 
examine associations with disability measured by the 
Health of Nations Outcome Scale.
Results  Physical health data were extracted, achieving 
precision rates (F1) above 0.90 for all conditions. The 10 
most prevalent conditions were diabetes, hypertension, 
asthma, arthritis, epilepsy, cerebrovascular accident, 
eczema, migraine, ischaemic heart disease and chronic 
obstructive pulmonary disease. The most prevalent 
combination in this population included diabetes, 
hypertension and asthma, regardless of their SMI 
diagnoses.
Conclusions  Our data extraction strategy was found 
to be adequate to extract physical health data from 
clinical notes, which is essential for future multimorbidity 

research using text records. We found that around 40% 
of our cohort had multimorbidity from which 20% had 
complex multimorbidity (two or more physical conditions 
besides SMI). Sex, age, ethnicity and social deprivation 
were found to be key to understand their heterogeneity 
and their differential contribution to disability levels in 
this population. These outputs have direct implications for 
researchers and clinicians.

Strengths and limitations of this study

	► We designed and implemented a data extraction 
strategy which showed high performance rates and 
allowed us to unlock data from 21 physical health 
conditions from around 15 m clinical documents 
with free text.

	► We mapped how these health conditions are distrib-
uted across sex, age, ethnicity, social disadvantage 
and severe mental illness (SMI) diagnoses in a sam-
ple of 17 500 patients from one of Europe’s largest 
providers of secondary mental healthcare, serving a 
geographical catchment of approximately 1.32 mil-
lion residents in London.

	► We investigated the association between multimor-
bidity (two or more conditions) and disability using 
the Health of the Nation Outcome Scale which is 
commonly collected in secondary mental health 
services in the UK.

	► This study focuses on a cohort of individuals 
with SMI which limits direct comparisons with 
other mental health conditions and/or general 
population.

	► Although some of the most frequent physical co-
morbidities were extracted, some specific health 
conditions required to compute standard comorbid-
ity scores (eg, Charlson and Exlihauser comorbidity 
indexes) were not included in this study.
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INTRODUCTION
Two-thirds of the deaths in individuals with severe mental 
illness (SMI) are potentially explained by the increased risk 
of multimorbidity in this population.1–4 However, multimor-
bidity research in this population is still scarce5 compounded 
by the limited availability of physical health data in SMI 
samples, increased non-response rates in surveys,6 and phys-
ical health information in secondary mental healthcare data 
primarily hidden in free text fields.

Most research to date on physical health in SMI popu-
lations has focused on cardiometabolic risk factors, which 
are considered leading contributors to cardiovascular 
diseases in individuals with SMI,7–10 or specific conditions 
such as immune-mediated inflammatory diseases (eg, 
inflammatory bowel diseases, psoriasis),11–13 multiple scle-
rosis, epilepsy and migraine.14 15 This condition-specific 
vision limits our understanding of multimorbidity in SMI 
and studies that consider a larger number of conditions 
are needed. However, there are only a few studies which 
have considered multiple health conditions.4 16 17 Wood-
head et al4 showed an increased risk in multimorbidity in 
SMI patients, but only found epilepsy to be more preva-
lent as an individual condition. Kugathasan et al17 investi-
gated combinations of diseases in schizophrenia at organ 
system level and found that 31% had complex multimor-
bidity with the most prevalent pairs including neurologic-
endocrine, neurologic-respiratory and neurological 
viral. Similarly, epilepsy and arthritis was one of the most 
prevalent combinations in Dorrington et al.16 Although 
these studies included multiple health conditions and 
confirmed the need of investigating further multimor-
bidity in SMI, they are still not comparable to multimor-
bidity studies in general populations18–20 and they did 
not investigate potential differences between individuals 
with schizophrenia spectrum disorders (SSD) and bipolar 
disorders (BD). Understanding different multimorbidity 
combinations between those groups could contribute 
to the ongoing debate around potential underlying 
biological mechanisms.21–23 Ultimately, SSD and BD have 
been established as significant drivers of disability24 and 
deficits in physical health have been implicated in the 
perpetuation of impairments in functional capacity and 
performance.25 26 However, research into the relationship 
between multimorbidity and disability in SMI is limited.

Within this context, our first aim was to design and 
develop a suitable strategy to extract information on 
physical health conditions from free text mental health 
records data which could be easily replicated in future 
multimorbidity research using similar resources. Our 
second objective was to examine the prevalence of these 
conditions and their most prevalent combinations in SMI 
and any differences across relevant sociodemographic 
factors and across SMI diagnoses (SSD vs BD). Our third 
objective was to investigate the association of overall 
multimorbidity and specific physical health conditions 
with levels of disability measured using the Health of the 
Nation Outcome Scales (HoNOS).

METHODS
Setting and sample
Patient data were extracted via the Clinical Record Inter-
active Search (CRIS), a case register platform that contains 
de-identified mental healthcare electronic health record 
(EHR) data from the South London and Maudsley Trust 
National Health Service Foundation Trust (SLaM). SLaM 
is one of Europe’s largest providers of secondary mental 
healthcare, serving a geographical catchment of approx-
imately 1.32 million residents, and providing almost 
complete coverage of secondary mental healthcare provi-
sion to all age groups. Since 2007, fully electronic clinical 
records have been deployed in SLaM, and data from these 
are accessible via CRIS system which allows searching and 
retrieval of anonymised full records for over 500 000 cases 
currently represented in the system.27

Our sample (N=17 500) consisted of all individuals aged 
15 years or older who had received a primary or secondary 
SMI diagnosis between 2007 and 2018 (International 
Classification of Mental and Behavioural Disorders 10th 
edition28 codes F20-31). Given that one of our objectives 
was to compare SSD (F20-29) and BD (F30-31), individ-
uals who over those 10 years of follow-up had diagnoses 
within both categories were excluded (n=804). Excluded 
individuals were more likely to be female, under the age 
of 35 at first SMI diagnosis recorded, Black ethnicity and 
have higher levels of social deprivation.

Physical health conditions
Definitions and Information extraction
To maximise comparability, we sought to extract the 
following 21 physical health conditions representing 
chronic conditions commonly collected in multimorbidity 
studies using primary care data18–20: diabetes mellitus, 
heart failure, ischaemic heart diseases, hypertension, 
coronary arteriosclerosis, chronic obstructive pulmonary 
disease (COPD), asthma, chronic kidney disease (CKD), 
cerebrovascular accident, transient ischaemic attack 
(TIA), Parkinson’s disease, multiple sclerosis, epilepsy, 
migraine, atrial fibrillation, chronic sinusitis, inflam-
matory bowel disease, chronic liver diseases, psoriasis, 
eczema and arthritis. These were mapped to SNOMED 
codes where the top concept was the group identifier 
and then all direct children of that concept were exam-
ined and individually reviewed by two clinicians (online 
supplemental appendix 1). Physical health conditions 
were ascertained from data reported in text records from 
CRIS since 2007 until 1 August 2019 for each individual 
resulting in around 15 m documents.

To extract SNOMED concepts from free text we used 
MedCAT,29 a medical concept annotation toolkit capable 
of named entity recognition linking (NER+L) with contex-
tualisation. The base model used is described in Kraljevic 
et al,29 and has shown very good performance (F1=0.90). 
In a first step, the base model was enriched with concept 
names from UMLS with the purpose of increasing recall 
and potentially catching all different name-forms for 
each concept. In a second step, MedCAT was trained in 
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an unsupervised fashion on all the available documents 
to increase precision. In a third step, all the free text was 
annotated for the chosen SNOMED concepts. For each 
condition, 300 documents were randomly extracted, 
which resulted in a total of 6300 annotated documents.

Annotation of physical health conditions
To ensure consistent, high-quality gold standard and 
training data, we developed annotation guidelines 
based on series of iterative discussions including clinical 
and technical expertise. These guidelines, available on 
request, were piloted and refined in preliminary stages. 
A relevant instance was defined as a mention of a phys-
ical health condition experienced by the patient and not 
negated. Each MedCAT detection was first validated as 
either correct/wrong—meaning the portion of text that 
was detected by MedCAT was either a correct/wrong 
detection of the relevant concept. Correct detections 
were further annotated with contextual annotations (or 
meta-annotations) for ‘Diagnosis’ and ‘Status’. Diag-
nosis was used to determine if the detected concept is 
a patient related diagnosis, and Status if the detected 
concept is affirmed. Eight annotators were trained for 
this task and given the same instructions. MedCAT-
trainer30 was used to facilitate manual annotations and 
each document was double annotated. Disagreements 
between annotators were further evaluated and resolved 
by a third annotator.

Training and validation
Once the dataset was annotated it was split into a training 
and validation set. For NER+L, 70% of the dataset was 
used for training and 30% for validation. For meta-
annotations, 80% was used for training and 20% for vali-
dation. Hyperparameter optimisation in both cases used 
a 10-fold cross validation on the training set.

Sociodemographics
Extracted data included sex, age at SMI diagnosis (15–24, 
25–34, 35–44, 45–54, 55–64, 65–74, 75+) and ethnicity 
(white British, Irish, black Caribbean (including mixed 
white and black Caribbean and any other black back-
ground), black African (including mixed white and black 
African), South Asian (Indian, Pakistani and Bangla-
deshi) and other). Index of Multiple Deprivation (IMD) 
was extracted as a measure of neighbourhood socioeco-
nomic status at the level of the 2011 lower layer super 
output area (LSOA11; a standard postal unit with an 
average 1500 residents) corresponding to the individ-
ual’s address at time of SMI diagnosis. Using the IMD, 
each LSOA11 is ranked from 1 (most deprived) to 32 844 
(least deprived) based on seven Census-derived indica-
tors, which was subsequently divided into quintiles.31

Disability
Disability was measured using Health of the Nation 
Outcome Scales (HoNOS)32 which is a clinician-rated tool 
developed to measure health and social functioning. It 
includes 12 subscales: agitated behaviour; non-accidental 
self-injury; problem drinking or drug taking; cognitive 
problems; physical illness problems; problems associated 
with hallucinations or delusions; problems associated 
with depression; other mental and behaviour problems; 
problems with relationships; problems with activities of 
daily living; problems with living conditions; and prob-
lems with occupation and activities.32 Total adjusted 
HoNOS scores of individuals at the first SMI diagnosis 
recorded in CRIS, or closest to that time, were used in this 
study. Higher scores for HoNOS indicate higher levels of 
impairment in the individual’s functioning.

Statistical analyses
To explore the suitability of MedCAT for extracting these 
physical health conditions from this cohort (objective 
1), inter-rater agreement estimates were computed and 
performance, precision and recall per condition were 
estimated.

To examine the prevalence of these conditions in SMI 
across relevant factors and compare the most prevalent 
multimorbidity combinations for individuals with BD 
and SSD (objective 2). Descriptive statistics were derived 
for all the variables. χ2 tests and Fisher’s exact tests, 
with Bonferroni correction for multiple comparisons, 
were performed to explore associations and differences 
between BD and SSD.

To address our third objective (to investigate the associ-
ation of multimorbidity and specific physical health with 

Table 1  MedCAT performance F1, precision and recall 
estimates for each physical health conditions

Physical health condition F1 Precision Recall

Diabetes mellitus 0.98 0.99 0.98

Heart failure 0.97 0.97 0.96

Ischaemic heart disease 0.98 0.97 0.99

Hypertensive disorder, systemic 
arterial

0.97 0.97 0.96

Chronic obstructive lung disease 0.94 0.97 0.92

Asthma 1.00 1.00 1.00

Chronic kidney disease 1.00 1.00 0.99

Cerebrovascular accident 0.96 0.94 0.98

Transient ischaemic attack 0.91 0.82 1.00

Parkinson’s disease 0.94 0.88 1.00

Multiple sclerosis 1.00 1.00 1.00

Epilepsy 0.93 1.00 0.85

Migraine 1.00 1.00 1.00

Atrial fibrillation 0.98 1.00 0.96

Chronic sinusitis 0.98 0.97 1.00

Inflammatory bowel disease 0.96 1.00 0.92

Chronic liver disease 1.00 1.00 1.00

Psoriasis 1.00 1.00 1.00

Eczema 0.94 1.00 0.88

Arthritis 1.00 1.00 1.00
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Table 2  Sociodemographic characteristics and prevalence for physical health conditions for total cohort (N=17 500) and by 
SMI diagnosis

Total SSD BD

N (%) 17 500 13 019 (74.4) 4481 (25.6)

Sex***

 � Female 8123 (46.4) 5421 (41.6) 2702 (60.3)

 � Male 9374 (53.6) 7596 (58.3) 1778 (39.7)

Age at first SMI diagnosis***

 � 15–34 7497 (42.8) 5607 (43.1) 1890 (42.2)

 � 35–44 3736 (21.3) 2792 (21.4) 944 (21.1)

 � 45–54 2783 (15.9) 2057 (15.8) 726 (16.2)

 � 55–64 1525 (8.7) 1067 (8.2) 458 (10.2)

 � 65+ 1959 (11.2) 1496 (11.5) 463 (10.3)

Ethnicity***

 � White British 6243 (35.7) 4008 (30.8) 2235 (49.9)

 � Black Caribbean 3182 (18.2) 2799 (21.5) 383 (8.5)

 � Black African 2094 (12.0) 1886 (14.5) 208 (4.6)

 � South Asian 549 (3.1) 421 (3.2) 128 (2.9)

 � Irish 346 (2.0) 240 (1.8) 106 (2.4)

 � Other 3846 (22.0) 2822 (21.7) 1024 (22.9)

 � Not stated 1240 (7.1) 843 (6.5) 397 (8.9)

Index of Multiple Deprivation***

 � 1 (less deprived) 742 (4.2) 412 (3.2) 330 (7.4)

 � 2 1384 (7.9) 887 (6.8) 497 (11.1)

 � 3 3575 (20.4) 2503 (19.2) 1072 (23.9)

 � 4 7073 (40.4) 5476 (42.1) 1597 (35.6)

 � 5 (more deprived) 4033 (23.0) 3204 (24.6) 829 (18.5)

 � Unknown 693 (4.0) 537 (4.1) 156 (3.5)

No of conditions***

 � No mentions 10 468 (59.8) 7540 (57.9) 2928 (65.3)

 � One 3733 (21.3) 2888 (22.2) 845 (18.9)

 � Two 1795 (10.3) 1429 (11.0) 366 (8.2)

 � Three or more 1504 (8.6) 1162 (8.9) 342 (7.6)

Physical conditions***

 � Diabetes*** 2686 (15.3) 2208 (17.0) 478 (10.7)

 � Hypertension*** 2537 (14.5) 2070 (15.9) 467 (10.4)

 � Asthma 1722 (9.8) 1291 (9.9) 431 (9.6)

 � Arthritis 954 (5.5) 702 (5.4) 252 (5.6)

 � Epilepsy*** 799 (4.6) 652 (5.0) 147 (3.3)

 � Cerebrovascular accident 728 (4.2) 573 (4.4) 155 (3.5)

 � Eczema 616 (3.5) 479 (3.7) 137 (3.1)

 � Migraine*** 564 (3.2) 372 (2.9) 192 (4.3)

 � Ischaemic heart disease 561 (3.2) 435 (3.3) 126 (2.8)

 � Chronic obstructive pulmonary disease 476 (2.7) 342 (2.6) 134 (3.0)

 � Chronic kidney disease* 279 (1.6) 179 (1.4) 100 (2.2)

 � Parkinson’s disease 266 (1.5) 201 (1.5) 65 (1.5)

 � Heart failure** 222 (1.3) 187 (1.4) 35 (0.8)

 � Psoriasis 179 (1.0) 129 (1.0) 50 (1.1)

 � Atrial fibrillation 133 (0.8) 100 (0.8) 33 (0.7)

Continued
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levels of disability), we performed series of hierarchical 
linear regressions. Models were adjusted by age and sex 
(model 1), and then additionally adjusted by IMD (Model 
2a) or SMI diagnosis (model 2b). All analyses were 
performed using R V.4.0.3 and RStudio V.1.3.1093.

Patient and public involvement statement
When designing this project, the Data Linkage Service 
User and Carer Advisory Group was consulted and 
followed up presenting preliminary results. This is a well-
established patient and public involvement group set up 
by the Biomedical Research Centre at SLaM.33

RESULTS
Interannotator agreement and model validation for data 
extraction
For each physical health condition, 300 documents were 
annotated to create a gold standard and training data 
specific to each condition. All 6300 instances across 21 
health conditions were double annotated yielding an 
average interannotator agreement of 97% for NER+L, 
82.70% for the meta-annotation Diagnosis and 78.08% 
for the meta-annotation Status. Precision, recall and 
F1 metrics of each modelled physical health condition 
are shown in table  1. Coronary arteriosclerosis was not 
extracted as the number of positive mentions was too small 
for training and validation. Overall meta-annotations 
performance results showed good performance for diag-
nosis and status (online supplemental table 1).

Mapping of physical health conditions and comparison 
between SSD and BD
Our sample consisted of 17 500 individuals with SMI, of 
whom 74.4% were diagnosed with SSD and 25.6% with BD. 
A slight majority were male (53.6%), and most individuals 
had their first SMI diagnoses report under the age of 35 
(42.8%). The white British group accounted for 35.7% 
of our sample, followed by black Caribbean (18.2%) and 
black African (12.0%). The South Asian and Irish groups 
were the smallest, with 3.1% and 2.0%, respectively 
(table  2). There were high levels of deprivation in the 
cohort, with over 60% falling into the lowest two national 
quintiles. Around 40% had at least one mention of a phys-
ical health condition and around 20% had two or more 
physical conditions. There were significant differences 

between BD and SSD for most of the socio-demographic 
characteristics and number of physical health conditions 
(table 2 and figure 1). Individuals with SSD were more 
likely to be men, from ethnic minorities, living in more 
deprived neighbourhoods and had a higher number of 
physical health conditions recorded compared with those 
with BD.

The three most common physical health conditions 
recorded were diabetes, hypertension and asthma 
(15.3%, 14.5% and 9.8%, respectively), regardless of 
the specific SMI diagnoses (online supplemental figure 
1) within SSD and BD). When we compared individuals 
with SSD and BD, we found that the top 10 most preva-
lent health conditions were similar between groups but 
diabetes (SSD 17% vs BD 10.7%), hypertension (SSD 
15.9% vs BD 10.4%) and epilepsy (SSD 5.0% vs BD 3.3%) 
prevalence rates were slightly higher for individuals with 

Total SSD BD

 � Transient ischaemic attack 130 (0.7) 91 (0.7) 39 (0.9)

 � Inflammatory bowel disease 40 (0.2) 25 (0.2) 15 (0.3)

 � Multiple sclerosis 32 (0.2) 19 (0.1) 13 (0.3)

 � Chronic liver disease 22 (0.1) 20 (0.2) 2 (0.0)

 � Chronic sinusitis 6 (0.0) 6 (0.0) 0 (0.0)

*P<0.05, **p<0.01, ***p<0.001 for comparisons between BD and SSD groups
BD, bipolar disorder; SMI, severe mental illness; SSD, schizophrenia spectrum disorder.

Table 2  Continued

Figure 1  Comparison of number of physical health 
comorbidities (A) and specific physical comorbidities 
(B) by SMI diagnosis. BD, bipolar disorder; COPD, chronic 
obstructive pulmonary disease; CVA, cerebrovascular 
accident; SMI, severe mental illness; SSD, schizophrenia 
spectrum disorder.
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SSD while individuals with BD showed higher prevalence 
rates of migraine (BD 4.3% vs SSD 2.9%).

When we explored differences by sex in the whole 
cohort, we found that women were more likely to report 
hypertension, asthma, arthritis, eczema and migraine 
compared with men (online supplemental table 2). 
Within the individuals with SSD, women were found to be 
more likely to report higher rates of diabetes, CKD, heart 
failure and TIA. Within individuals with BD, sex differ-
ences were only found for asthma, arthritis, migraine and 
ischaemic heart disease. Women with BD were more likely 
to report asthma, arthritis and migraine while men with 
BD were more likely to report ischaemic heart disease.

With regard to differences across age groups, we 
found higher prevalence rates of diabetes, hyperten-
sion, arthritis, cerebrovascular accident, ischaemic heart 
disease, COPD, CKD, Parkinson’s disease, heart failure, 
atrial fibrillation and TIA in individuals in older age 
ranges, while asthma and migraine were more prevalent 
in younger age ranges (online supplemental table 3), 
(online supplemental figure 2). We found similar results 
within individuals with SSD and BD (except for asthma 
and cerebrovascular accident in BD).

We found differences for ethnicity in individuals with 
diabetes, hypertension, asthma, arthritis, epilepsy, eczema, 
ischaemic heart disease, COPD and cerebrovascular acci-
dent (figure 2, online supplemental table 4). Individuals 
from black or South Asian minorities were more likely 
to show higher prevalence rates of diabetes and hyper-
tension compared with those white British or Irish. Black 
Caribbean showed the highest prevalence rates of asthma 
or eczema among all other groups. Arthritis, COPD, 
epilepsy and IHD seem to be slightly more prevalent in 
White British or Irish, with epilepsy showing the highest 
prevalence rates among Irish. Similar trends were found 
within SSD and BD subgroups with diabetes rates higher 
in South Asians with BD (29.7%) compared with South 
Asians with SSD (20.7%); while diabetes rates in Black 
Caribbean with SSD (24.4%) were higher than in those 
with BD (19.6%). With regards to social deprivation, 
we found that individuals with diabetes, hypertension, 

asthma, and COPD were more likely to be at higher levels 
of deprivation compared with those that did not have 
these specific conditions (online supplemental table 5).

Multimorbidity combinations for the whole cohort and SSD 
and BD subgroups
Table 3 summarises the 10 most common physical comor-
bidities in patients with SMI, their prevalence, the mean 
number of comorbidities and the three most frequently 
associated comorbidities, for the total cohort and by SMI 
diagnosis. While there were no clear differences in the 
mean number of comorbidities by SMI diagnosis, the pres-
ence of one physical condition predisposed individuals to 
at least having one other condition. The mean number 
of comorbidities in the total cohort was 0.74 jumped to at 
least 2.20 in the presence of one of the 10 most common 
comorbidities. The three most commonly associated 
physical comorbidities remained relatively consistent by 
SMI diagnosis, with a few exceptions. The prevalence of 
associated comorbidities with epilepsy were lower in BD 
than in SSD; there is a fairly different comorbidity profile 
in migraine between SMI diagnoses; and, a lower rate 
of diabetes in individuals with comorbid BD and COPD 
(when compared with SSD). The most common combi-
nation of conditions included diabetes, hypertension 
and asthma, regardless of their SMI diagnoses. Most indi-
viduals with these combinations of conditions were also 
likely to have arthritis. Figures 3–5 show the most prev-
alent conditions for individuals with SMI and comorbid 
diabetes, hypertension and asthma, respectively.

Association with disability
HoNOS descriptive statistics for the whole SMI cohort 
(Mean=10.40, SD=6.06) and for those with the 10 most 
common physical comorbidities are shown in table  4. 
Regression analyses showed that individuals with any 
of these conditions (except migraine) showed higher 
HoNOS scores, even after adjustments for age, sex, IMD 
or SMI diagnoses. We also examined whether simple and 
complex multimorbidity was associated with HoNOS 
total score and we found a strong positive association 

Figure 2  Prevalence of the most prevalent physical health conditions across ethnicities within the SMI cohort and the SSD 
and BD subgroups. BD, bipolar disorder; COPD, chronic obstructive pulmonary disease; SMI, severe mental illness; SSD, 
schizophrenia spectrum disorder.
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minimally attenuated after adjustments. Similar sociode-
mographics and trends were found within BD and SSD 
groups (online supplemental tables 6–8). However, asso-
ciations for diabetes, hypertension and ischaemic heart 
disease were fully attenuated after adjustments in the SSD 
group and associations for hypertension were also fully 
attenuated after adjustments in the BD group.

DISCUSSION
The first objective of this study was to design and develop 
a suitable strategy to extract physical health conditions 
which could be easily replicated in future multimorbidity 

research using mental health EHRs. The natural language 
processing strategy using MedCAT provided very good 
performance estimates for all the conditions extracted, 
which supports its suitability to extract data on physical 
health conditions from mental health clinical notes. 
These findings are consistent with previous research 
which has used MedCAT to extract data from hospital 
settings.34 35 This resource should help to facilitate and 
promote research on multimorbidity using mental health 
records, in general, and has the potential for direct repli-
cation in other mental health trusts which have already 
deployed CRIS platforms.

Table 3  Ten most prevalent conditions and associated comorbidities of the total cohort and by SMI diagnosis

Condition Prevalence
Mean # of 
comorbidities Three most frequent associated comorbidities

 �  Total – 0.74 1. Diabetes (15.3%) 2. HTN (14.5%) 3. Asthma (9.8%)

SSD – 0.77 1. Diabetes (17.0%) 2. HTN (15.9%) 3. Asthma (9.9%)

BD – 0.64 1. Diabetes (10.7%) 2. HTN (10.4%) 3. Asthma (9.6%)

Diabetes Total 15.3% 2.35 1. HTN (42.1%) 2. Asthma (16.9%) 3. Arthritis (13.2%)

SSD 17.0% 2.33 1. HTN (42.9%) 2. Asthma (16.3%) 3. Arthritis (12.7%)

BD 10.7% 2.45 1. HTN (38.3%) 2. Asthma (19.5%) 3. Arthritis (15.5%)

Hypertension Total 14.5% 2.50 1. Diabetes (44.5%) 2. Asthma (16.3%) 3. Arthritis (15.2%)

SSD 15.9% 2.47 1. Diabetes (45.7%) 2. Asthma (16.1%) 3. Arthritis (14.7%)

BD 10.4% 2.62 1. Diabetes (39.2%) 2. Arthritis (17.3 %) 3. Asthma (17.1%)

Asthma Total 9.8% 2.27 1. Diabetes (26.3%) 2. HTN (24.0%) 3. Arthritis (11.9%)

SSD 9.9% 2.27 1. Diabetes (27.9%) 2. HTN (25.9%) 3. Eczema (11.2%)

BD 9.6% 2.29 1. Diabetes (21.6%) 2. HTN (18.6%) 3. Arthritis (15.1%)

Arthritis Total 5.5% 2.78 1. HTN (40.5%) 2. Diabetes (37.1%) 3. Asthma (21.5%)

SSD 5.4% 2.78 1. HTN (43.4%) 2. Diabetes (39.9%) 3. Asthma (19.9%)

BD 5.6% 2.80 1. HTN (32.1%) 2. Diabetes (29.4%) 3. Asthma (25.8%)

Epilepsy Total 4.6% 2.40 1.HTN (25.5%) 2.Diabetes (24.8%) 3.Asthma (21.4%)

SSD 5.0% 2.42 1. HTN (27.3%) 2. Diabetes (26.4%) 3. Asthma (21.8%)

BD 3.3% 2.31 1. Asthma (19.7%) 2. Diabetes (17.7%) 2. HTN (17.7%)

CVA Total 4.2% 2.89 1. HTN (42.3%) 2. Diabetes (38.6%) 3. Asthma (15.4%)

SSD 4.4% 2.83 1. HTN (42.8%) 2. Diabetes (38.9%) 3. Asthma (14.0%)

BD 3.5% 3.09 1. HTN (40.6%) 2. Diabetes (37.4%) 3. Asthma (21.9)

Eczema Total 3.5% 2.50 1. Asthma (32.5%) 2. Diabetes (26.9%) 3. HTN (23.1%)

SSD 3.7% 2.45 1. Asthma (30.3%) 2. Diabetes (28.4%) 3. HTN (22.5%)

BD 3.1% 2.64 1. Asthma (40.1%) 2. HTN (24.8%) 3. Diabetes (21.9%)

Migraine Total 3.2% 2.20 1. Asthma (23.6%) 2. Diabetes (20.0%) 3. HTN (18.4%)

SSD 2.9% 2.23 1. Diabetes (23.4%) 2. Asthma (21.5%) 3.HTN (20.2%)

BD 4.3% 2.15 1. Asthma (27.6%) 2. HTN (15.1%) 3. Arthritis (14.1%)

Ischaemic heart 
disease

Total 3.2% 3.27 1. HTN (49.0%) 2. Diabetes (43.3%) 3. Asthma (20.3%)

SSD 3.3% 3.28 1. HTN (51.0%) 2. Diabetes (44.6%) 3. Asthma (20.2%)

BD 2.8% 3.24 1. HTN (42.1%) 2. Diabetes (38.9%) 3. Arthritis (22.2%)

COPD Total 2.7% 3.22 1. HTN (39.7%) 2. Diabetes (38.9%) 3. Asthma (35.7%)

SSD 2.6% 3.20 1. Diabetes (41.2%) 2. HTN (39.2%) 3. Asthma (35.7%)

BD 3.0% 3.25 1. HTN (41.0%) 2.Asthma (35.8%) 3. Diabetes (32.8%)

BD, Bipolar disorders; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; HTN, hypertension; SMI, severe mental illness; 
SSD, schizophrenia Spectrum disorders.
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Our second objective was to examine the prevalence of 
these conditions in SMI individuals and compare the most 
prevalent multimorbidity combinations between individ-
uals with BD and SSD. When we examined differences 
in socio-demographic variables by diagnosis, our find-
ings were largely consistent with previous research,3 36–39 
although associations between ethnicity and BD are less 
established.40 With regards to sociodemographic differ-
ences, we found that women with SSD were more likely 

to have diabetes, CKD, heart failure and TIA compared 
with men with SSD; and women with BD were more 
likely to have asthma, arthritis and migraine compared 
with men with BD. Previous research in this population 
showed mixed results. Some studies found higher preva-
lence of hypertension in women with SSD41 and diabetes 
in women in BD,42 and others did not find relevant sex 
differences.43 Our findings suggest that there could be an 
increased risk for diabetes and hypertension for females 

Figure 3  Visualisation of most prevalent comorbidities in individuals with SMI and comorbid diabetes. CKD, chronic kidney 
disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; IBD, inflammatory bowel disease; MS, 
multiple sclerosis; SMI, severe mental illness; TIA, transient ischaemic attack.

Figure 4  Visualisation of most prevalent comorbidities in individuals with SMI and comorbid hypertension. CKD, chronic 
kidney disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; IBD, inflammatory bowel 
disease; MS, multiple sclerosis; SMI, severe mental illness; TIA, transient ischaemic attack.
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with an SMI diagnosis, especially with SSD. Further 
research in this line is needed.

Ethnic differences were found for diabetes, hyperten-
sion, asthma, arthritis, epilepsy, eczema, ischaemic heart 
disease, COPD and cerebrovascular accident. Individuals 
from black or South Asian minorities were more likely to 
show higher prevalence rates of diabetes and hyperten-
sion compared with white British or Irish. Black Carib-
bean showed the higher prevalence rates of asthma 
or eczema among all other groups. Arthritis, COPD, 
epilepsy and IHD seem to be slightly more prevalent in 
white British or Irish, with epilepsy showing the highest 
prevalence rates among Irish. Similar trends were found 
within SSD and BD subgroups with diabetes rates higher 
in South Asians with BD compared with South Asians 
with SSD, while diabetes rates in black Caribbean with 
SSD were higher than in those with BD. These results 
largely mirror previous research in ethnicity.44–50 When 
we examined social deprivation, individuals with diabetes, 
hypertension, asthma and COPD were more likely to 
report the highest levels of deprivation regardless of their 
SMI diagnoses. Similar to ethnicity, these results are also 
consistent with findings in the general population where 
higher levels of social deprivation are found in those 
with comorbid diabetes,51 52 hypertension,53 asthma54 or 
COPD.55

Overall, in the whole SMI cohort, around 40% of the 
individuals had at least one mention of a physical health 
condition and close to 20% had two or more physical 
conditions, which could be labelled as complex multi-
morbidity. These findings provide evidence to support 
previous research suggestions about the increased prob-
ability of multimorbidity in this population.3 17 56–59 Abso-
lute numbers of physical health conditions were higher 
in patients with SSD than those with BD. Although direct 

comparisons require caution, our findings partially 
contrast with previous reports of higher number of phys-
ical comorbidities in individuals with BD.3 38 39 41 Overall, 
the top 10 most prevalent conditions in our SMI cohort 
were diabetes, hypertension, asthma, arthritis, epilepsy, 
cerebrovascular accident, eczema, migraine, ischaemic 
heart disease and COPD; and the most common combi-
nation of conditions included diabetes, hypertension 
and asthma, regardless of their SMI diagnoses. More-
over, those that had complex multimorbidity were also 
more likely to have cardiometabolic comorbidities such 
as diabetes and hypertension, which suggests that the 
cardiometabolic pathway might be one of the key explan-
atory mechanism underlying the association between 
physical multimorbidity and SMI.60 61 Future research 
should explore further the potential independent contri-
bution of this pathway when focusing on individuals with 
complex multimorbidity. Furthermore, arthritis was the 
most frequent subsequent comorbidity for those with 
diabetes, hypertension and/or asthma, however, for those 
with SSD and asthma, eczema slightly displaced arthritis 
in terms of prevalence. These findings might suggest that 
potential differences between SSD and BD phenotypes 
could be linked to underlying inflammatory pathways. 
Future research focusing on inflammatory biomarkers 
could be key to further our understanding of the poten-
tial differences between SSD and BD.

In addition, we examined the association between the 
top 10 most prevalent conditions and disability levels. 
We found that not only multimorbidity was clearly asso-
ciated with higher levels of disability but having any of 
these specific conditions was associated with higher levels 
of disability, even after adjusting for age, sex, depriva-
tion or SMI diagnoses. Similar results were found when 
we examined the associations between multimorbidity 

Figure 5  Visualisation of most prevalent comorbidities in individuals with SMI and comorbid asthma. CKD, chronic kidney 
disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; IBD, inflammatory bowel disease; MS, 
multiple sclerosis; SMI, severe mental illness; TIA, transient ischaemic attack.
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and disability within SSD and BD groups. When we 
examined the independent association of each physical 
health condition and disability within groups, our results 
suggested that sociodemographic factors could have a 
greater impact in these associations in individuals with 
SSD. Although our results are not directly comparable 
with previous studies, they are in line with findings in 
previous research in ageing62 or some specific SMI popu-
lations.63 64 Further research is needed to understand the 
potential shared drivers of disability in individuals with 
BD and these conditions, in general, and diabetes and 
BD, in particular.

One of the main strengths of this study is the large 
comprehensive cohort of people with SMI drawn from 
a population with a high ethnic diversity, addressing the 
neglect of both ethnic minority groups and SMI in multi-
morbidity research. This is a key advantage of using EHRs 
from a large secondary mental healthcare provider and 
having the benefits of a data extraction strategy to access 
data on physical health conditions from the text fields of 
clinical notes. MedCAT development and deployment in 
CRIS text records will hopefully promote and facilitate 
future research in mental healthcare. However, further 
research is needed to validate this strategy in other EHRs 
sources using free text. Although our results are prom-
ising and the comparability of the findings with previous 
research provides some evidence of validity, further 
research is also needed to examine the cross-validity using 
primary care structured fields data. This study is limited to 
individuals with SMI which does not allow us to compare 
comorbidity figures of SMI with other common mental 
disorders and/or the general population. Future studies 
should replicate our data extraction strategy in other 
sex and age matched cohorts and explore the potential 
risks for subsequent health conditions maximising the 
longitudinal nature of this data source. Furthermore, it is 
also important to note that individuals with more severe 
SMI may have more comprehensive textual data. Thus, 
our findings might be less representative of highly func-
tioning individuals with less severe SMI. In addition, we 
acknowledge that although the conditions considered are 
within the most considered in multimorbidity research, 
future studies should consider a larger number of condi-
tions and include rare diseases and all the conditions 
needed to calculate standard comorbidity scores such as 
Charlson or Exlihauser indexes which were not consid-
ered in this study (eg, hemiplegia or paraplegia, peptic 
ulcer disease or AIDS/HIV). It should be noted that our 
study is one of the first, to our knowledge, to compare the 
associations between physical health comorbidities and 
disability in this traditionally neglected population and 
HoNOS is a widely used measure in secondary mental 
health services in the UK which provides us a general 
overview of disability in this population. However, we 
acknowledge that further research with more objective 
measures of disability is also needed to drive future policy 
in this population. To sum up, our study provides an over-
view of the most prevalent health conditions in SMI and 

underlines the need for further research into the origins 
of multimorbidity in this population, considering in more 
detail the nature of the SMI both in terms of severity and 
in terms of constituent diagnoses and/or symptomatic 
phenotype, given the apparent differences between BD 
and SSD. Our findings highlight multimorbidity as a 
driver of disability in this population, which also requires 
further mechanistic evaluation.
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