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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 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 (ICD-10, 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 (HoNOS).

Results: Physical health data was extracted, achieving precision rates (F1) above 0.90 for all 

conditions. The ten most prevalent conditions were diabetes, hypertension, asthma, arthritis, 

epilepsy, cerebrovascular accident, eczema, migraine, ischaemic heart disease and COPD. 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 
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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 with good which showed high 

performance rates and allowed us to unlock data from 21 physical health conditions from 

around 15m clinical documents with free text. 

- We mapped how these health conditions are distributed across sex, age, ethnicity, social 

disadvantage and severe mental illness diagnoses in a sample of 17500 patients from one 

of Europe's largest providers of secondary mental healthcare, serving a geographic 

catchment of approximately 1.32 million residents in London.

- The ten most prevalent conditions in this SMI cohort were diabetes, hypertension, asthma, 

arthritis, epilepsy, cerebrovascular accident, eczema, migraine, ischaemic heart disease and 

COPD. The most prevalent combination in this population included diabetes, hypertension 

and asthma, regardless of their SMI diagnoses. 

- Multimorbidity (2 or more conditions) is associated with high levels of disability in this 

population and independent reports of any of the ten most prevalent conditions are also 

associated with high levels of disability.

- Further research is needed to understand potential explanatory pathways for the association 

between multimorbidity and disability in this population.
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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, multimorbidity research 

in this population is still scarce[5] compounded by the limited availability of physical health data 

in SMI samples, increased non-response rates in surveys,[6] and physical health information in 

secondary mental health care data primarily hidden in free text fields.  

Most research to date on physical health in SMI populations 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 (e.g., 

inflammatory bowel diseases, psoriasis),[11–13] multiple sclerosis, epilepsy or 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] Woodhead et al.[4] showed an increased risk 

in multimorbidity in SMI patients, but only found epilepsy to be more prevalent as an individual 

condition. Kugathasan et al.[17] investigated combinations of diseases in schizophrenia at organ 

system level and found that 31% had complex multimorbidity with the most prevalent pairs 

including neurologic-endocrine, neurologic-respiratory and neurologic-viral. Similarly, epilepsy 

and arthritis was one of the most prevalent combinations found by Dorrington et al.[16] Although 

these studies included multiple health conditions and confirmed the need of investigating further 

multimorbidity in SMI, they are still not comparable to multimorbidity studies in general 

populations[18–20] and 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 
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potential underlying biological mechanisms.[21–23] Ultimately, SSD and BD have been 

established as significant drivers of disability[24] 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 Interactive Search (CRIS), a case register 

platform that contains de-identified mental healthcare electronic health record data from the South 

London and Maudsley Trust NHS Foundation Trust (SLaM). SLaM is one of Europe's largest 

providers of secondary mental healthcare, serving a geographic catchment of approximately 1.32 

million residents, and providing almost complete coverage of secondary mental healthcare 

provision 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 anonymized full records for over 500,000 cases currently represented in the system.[27]
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Our sample (N=17500) 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 edition [ICD-10][28] codes F20-31). As one of our 

objectives was to compare SSD (F20-29) and BD (F30-31), individuals 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 data:[18–20] diabetes mellitus, heart failure, ischemic 

heart diseases, hypertension, coronary arteriosclerosis, chronic obstructive pulmonary disease 

(COPD), asthma, chronic kidney disease, cerebrovascular accident, transient ischemic attack, 

Parkinson’s disease, multiple sclerosis, epilepsy, migraine, atrial fibrillation, chronic sinusitis, 

inflammatory 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 examined and individually reviewed by two clinicians (Appendix 1). 

Physical health conditions were ascertained from data reported in text records from CRIS since 

2007 until 1st August 2019 for each individual resulting in around 15m documents.

To extract SNOMED concepts from the free text we used MedCAT,[29] a medical concept 

annotation toolkit capable of named entity recognition linking (NER+L) with contextualization. 

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 
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purpose of increasing recall and potentially catching all different name-forms for each concept. In 

a second step, to increase precision, MedCAT was trained in an unsupervised fashion on all the 

available documents; and 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 upon request, were piloted and refined 

in preliminary stages. A relevant instance was defined as a mention of a physical 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’. Diagnosis 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.  MedCATtrainer[30] 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 validation. Hyperparameter optimization in 

both cases used a 10-fold cross validation on the training set.
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Socio-demographics. 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 background), Black African (including mixed 

White and Black African), South Asian (Indian, Pakistani and Bangladeshi) and Other). Index of 

Multiple Deprivation (IMD) was extracted as a measure of neighbourhood socioeconomic 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 individual’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 indicators, which was subsequently divided into quintiles.[31]

Disability. Disability was measured using Health of the Nation Outcome Scales (HoNOS):[32] 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 

problems 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. 
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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. Chi-square tests and Fisher's exact tests, 

with Bonferroni correction for multiple comparisons, were performed to explore associations with 

covariates differences between BD and SSD. 

To address our third objective (to investigate the association of multimorbidity and specific 

physical health with 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 4.0.3 and RStudio 

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 Center (BRC) at South London and 

Maudsley Trust NHS Foundation Trust (SLaM).[33] 

Results

Inter-annotator 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 inter-annotator 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 
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meta-annotations performance results showed good performance for Diagnosis and Status 

(Supplemental Table 1).

PLEASE INSERT 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%, with 

Black Caribbean (18.2%) and Black African (12.0%) groups being the next two largest groups and 

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 physical 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 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 

(Supplemental Figure 1 within SSD and BD). When we compared individuals with SSD and BD, 

we found that the top 10 most prevalent 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 SSD while individuals with 

BD showed higher prevalence rates of migraine (BD 4.3% vs SSD 2.9%).

Page 12 of 63

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

PLEASE INSERT TABLE 2 AND FIGURE 1 HERE

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 to men (Supplemental 

Table 2). Within the individuals with SSD, women were in addition found to be more likely to 

report higher rates of diabetes, chronic kidney disease (CKD), heart failure and transient ischaemic 

attack (TIA). Within individuals with BD, sex differences were only found for asthma, arthritis, 

migraine and ischemic heart disease. Women with BD were more likely to report asthma, arthritis 

and migraine while men with BD were more likely to report ischemic heart disease.

With regards to differences across age groups, we found higher prevalence rates of diabetes, 

hypertension, 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 those in younger age ranges (Supplemental 

Table 3, Supplemental Figure 2). 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 accident (Figure 2, 

Supplemental Tables 4). Individuals from Black or South Asian minorities were more likely to 

show higher prevalence rates of diabetes and hypertension compared to those White British or 

Irish. Black Caribbean 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 (29.7%) 

compared to South Asians with SSD (20.7%); while diabetes rates in Black Caribbean with SSD 
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(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 higher 

levels of deprivation compared to those that did not have these specific conditions (Supplemental 

Table 5).

PLEASE INSERT FIGURE 2 AROUND HERE

Multimorbidity combinations for the whole cohort and SSD and BD subgroups 

Table 3 summarizes the ten most common physical comorbidities 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 presence of one physical condition 

predisposed individuals to at least one other condition; the mean number of comorbidities in the 

total cohort was 0.74, jumping to at least 2.20 in the presence of one of the ten 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 are lower in BD than SSD, 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 to SSD). The most common combination of conditions included diabetes, hypertension 

and asthma, regardless of their SMI diagnoses. Most individuals with these combinations of 

conditions were also likely to have arthritis. Figures 3, 4 and 5 show the most prevalent conditions 

for individuals with SMI and comorbid diabetes, hypertension and asthma, respectively.

PLEASE INSERT TABLE 3 AND FIGURES 3,4 AND 5 AROUND HERE

Association with disability
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HoNOS descriptive statistics for the whole SMI cohort (Mean=10.40, SD=6.06) and the ten 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 also associated with HoNOS total score and we found that a strong 

positive association minimally attenuated after adjustments. Similar socio-demographics and 

trends were found within BD and SSD groups (Supplemental Tables 6-8). However, associations 

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. 

PLEASE INSERT TABLE 4 AROUND HERE

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 electronic health records. The NLP 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 replication in other mental health trusts that 

have already deployed CRIS platforms.

Our second objective was to examine the prevalence of these conditions in SMI individuals and  

compare the most prevalent multimorbidity combinations between individuals with BD and SSD.  
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When we examined differences in socio-demographic variables by diagnosis, our findings were 

largely consistent with previous research,[3,36–39] although associations between ethnicity and 

BD are less established.[40] With regards to sociodemographic differences, we found that women 

with SSD were more likely to have diabetes, CKD, heart failure and TIA compared to men with 

SSD; and women with BD were more likely to have asthma, arthritis and migraine compared to 

men with BD. Previous research in this population showed mixed results. Some studies found 

higher prevalence of hypertension in women with SSD[41] 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 with an SMI diagnosis, especially in SSD. 

Further research in this line is needed. 

Ethnic differences were found for diabetes, hypertension, 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 hypertension 

compared to White British or Irish.  Black Caribbean 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 to 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 
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population where higher levels of social deprivation are found in those with comorbid 

diabetes,[51,52] hypertension,[53] asthma[54] 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 multimorbidity. These findings provide evidence to support previous research 

suggestions about the increased probability of multimorbidity in this population.[3,17,56–59] 

Absolute 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 physical comorbidities in individuals with BD.[3,38,39,41] Overall, 

the top ten 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 combination of conditions included diabetes, hypertension and 

asthma, regardless of their SMI diagnoses. Moreover, 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 explanatory mechanism 

underlying the association between physical multimorbidity and severe mental illness.[60,61] 

Future research should explore further these potential independent contribution 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 potential differences between SSD and BD. 
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In addition, we examined the association between the top ten most prevalent conditions and 

disability levels. We found that not only multimorbidity was clearly associated with higher levels 

of disability but having any of these specific conditions was associated with higher levels of 

disability, even after adjustments for age, sex, deprivation or SMI diagnoses.  Similar results were 

found when we further examined the associations between multimorbidity 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 that socio-demographic 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 ageing[62] or some specific SMI populations.[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 multimorbidity research. This is a key advantage of using EHRs from 

a large secondary mental health care provider and having the benefits of a data extraction strategy 

for accessing 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 promising 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. Furthermore, it is also 

important to note that individuals with more severe SMI may have more comprehensive textual 

Page 18 of 63

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

data, so that our findings might be less representative of highly functioning 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 

conditions and include rare diseases. 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 overview 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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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

Ischemic 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 ischemic 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. Socio-demographic characteristics and prevalence for physical health conditions for total 

cohort (N=17500) and by SMI diagnosis. 

Total SSD BD 

N (%) 17500 13019 (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)

Number of conditions***
No mentions 10468 (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)
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Migraine*** 564 (3.2) 372 (2.9) 192 (4.3)
Ischemic 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)
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)

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between BD and SSD groups
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Table 3. Ten most prevalent conditions and associated comorbidities of the total cohort and by 

SMI diagnosis.

Condition Preva-
lence 

Mean # of 
comorbiditi
es

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%)
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%)

Diabetes

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%)

Hypertensi
on

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%)

Asthma

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%)

Arthritis

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%)

Epilepsy

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)

CVA

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%)

Eczema

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%)

Migraine

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%)

Ischaemic 
heart 
disease

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%)

COPD

Note. SSD: Schizophrenia Spectrum disorders. BD: Bipolar disorders. HTN: 
hypertension
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Table 4. Associations between specific comorbidities, multimorbidity and HoNOS scores. Models 

were adjusted by age and sex (Model 1), and then additionally adjusted by IMD (Model 2a) or 

SMI diagnosis (Model 2b).

HoNOS Unadjusted Model 1 Model 2a Model 2b
Mean 
(SD)

B (95% CI) B (95% CI)  B (95% CI) B (95% CI)

Physical comorbidities
Diabetes 10.93 

(6.08)
0.652 (0.389 – 

0.914)***
0.464 (0.198 – 

0.730)***
0.485 (0.215 – 

0.755)***
0.359 (0.094 – 

0.625)**
Ref: No diabetes 10.28 

(6.05)
Hypertension 10.99 

(6.02)
0.713 (0.446 – 

0.980)***
0.401 (0.123 – 

0.680)**
0.368 (0.084 – 

0.652)*
0.297 (0.019 – 

0.576)*
Ref: No hypertension 10.27 

(6.06)
Asthma 11.05 

(6.16)
0.734 (0.417 – 

1.051)***
0.806 (0.490 – 

1.121)***
0.770 (0.450 – 

1.091)***
0.804 (0.489 – 

1.118)***
Ref: No asthma 10.31 

(6.04)
Arthritis 12.01 

(6.19)
1.728 (1.322 – 

2.134)***
1.570 (1.156 – 

1.984)***
1.558 (1.142 – 

1.974)***
1.567 (1.155 – 

1.980)***
Ref: No arthritis 10.28 

(6.03)
Epilepsy 11.40 

(6.19)
1.055 (0.596 – 

1.514)***
1.066 (0.609 – 

1.523)***
1.089 (0.628 – 

1.549)***
0.982 (0.527 – 

1.437)***
Ref: No epilepsy 10.35 

(6.05)

CVA 11.81 
(6.22)

1.487 (1.022 – 
1.951)***

1.195 (0.728 – 
1.662)***

1.180 (0.712 – 
1.649)***

1.162 (0.697 – 
1.627)***

Ref: No CVA 10.33 
(6.04)

Eczema 11.12 
(6.19)

0.753 (0.249 – 
1.257)**

0.838 (0.336 – 
1.340)***

0.728 (0.220 – 
1.237)**

0.799 (0.299 – 
1.299)**

Ref: No eczema 10.37 
(6.05)

Migraine 10.33 
(5.73)

-0.078 (-0.600 – 
0.445)

0.212 (-0.311 – 
0.734)

0.227 (-0.300 – 
0.754)

0.302 (-0.218 – 
0.823)

Ref: No migraine 10.40 
(6.07)

Ischaemic heart disease 11.64 
(5.92)

1.294 (0.766 – 
1.822)***

0.864 (0.332 – 
1.395)***

0.853 (0.318 – 
1.387)**

0.849 (0.320 – 
1.379)**

Ref: No ischaemic heart disease 10.35 
(6.06)

COPD 12.08 
(5.78)

1.733 (1.158 – 
2.309)***

1.326 (0.745 – 
1.908)***

1.336 (0.750 – 
1.923)***

1.397 (0.818 – 
1.977)***

Ref: No COPD 10.34 
(6.06)

Multimorbidity
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Number of comorbidities 0.487 (0.406 – 
0.567)***

0.423 (0.339 – 
0.507)***

0.424 (0.339 – 
0.510) ***

0.404 (0.320 – 
0.488)***

1 or more comorbidities 10.96 
(6.08)

1.053 (0.850 –
1.256)***

0.893 (0.685 – 
1.101)***

0.895 (0.681 – 
1.109)***

0.823 (0.615 – 
1.031)***

Ref: No comorbidities 9.90 
(5.99)

2 or more comorbidities 11.34 
(6.13)

1.214 (0.973 – 
1.455)***

1.021 (0.772 – 
1.269)***

1.020 (0.768 – 
1.272)***

0.968 (0.720 – 
1.216)***

Ref: Less than 1 comorbidities 10.12 
(6.01)

Note.. ***  p < .001; ** p < .01; * p < .05
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Figure 1. Comparison of number of physical health comorbidities (a) and specific physical 
comorbidities (b) by SMI diagnosis. 
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Figure 2. Prevalence of the most prevalent physical health conditions across ethnicities within 

the SMI cohort and the SSD and BD subgroups.
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Figure 3. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

diabetes.

Page 39 of 63

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Figure 4. Visualization of most prevalent comorbidities in individuals with SMI and comorbid  

hypertension.

Page 40 of 63

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Figure 5. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

asthma.
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Supplemental Material

Supplemental Tables

Supplemental Table 1. Meta-annotations performance results for Diagnosis and Status

Supplemental Table 2. Prevalence estimates and sex differences within the whole SMI cohort 

and SSD and BD subgroups.

Supplemental Table 3. Prevalence for each condition by age ranges at first SMI diagnosis for the 

whole SMI cohort and SSD and BD subgroups. 

Supplemental Tables 4a, 4b and 4c. Prevalence for each condition across ethnicities for the whole 

SMI cohort and SSD and BD subgroups. 

Supplemental Table 5. Social deprivation prevalence for each condition for the whole cohort and 

within SSD and BD.

Supplemental Table 6. Sociodemographic features of cohort in HoNOS subsample analysis

Supplemental Table 7. Associations between comorbidities and HoNOS scores in SSD.

Supplemental Table 8. Associations between comorbidities and HoNOS scores in BD. 

Supplemental Figures

Supplemental Figure 1. Distribution of all conditions in the SMI cohort by SMI group.

Supplemental Figure 2. Prevalence rates for age at SMI diagnoses per condition and comparison 

between individuals with BD and SSD.

Appendix 1. SNOMED Container and Concept Level Groupings for physical health conditions 

included in this study.
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Supplemental Tables

Supplemental Table 1. Meta-annotations performance results for Diagnosis and Status

Meta-
Annotation

Values F1 
(macro/weighted)

P (macro/weighted) R (macro/weighted)

Diagnosis Patient / Other 0.94 / 0.94 0.95 / 0.95 0.92 / 0.94

Status Affirmed / Other 0.89 / 0.98 0.94 / 0.98 0.85 / 0.98
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Supplemental Table 2. Prevalence estimates and sex differences within the whole SMI cohort and 
SSD and BD subgroups.

Total Cohort SSD BD

Female Male Female Male p-value Female Male p- value
Diabetes 1282 

(15.8)
1403 
(15)

1021
(18.8)

1187
(15.6)

<.001 261
(9.7)

216
(12.1)

.190

Hypertension *** 1325 
(16.3)

1212 
(12.9)

1060
(19.6)

1010
(13.3)

<.001 265
(9.8)

202
(11.4)

1.000

Asthma ** 869 
(10.7)

852 
(9.1)

559
(10.3)

732
(9.6)

1.000 310
(11.5)

120
(6.7)

<.001

Arthritis *** 657 
(8.1)

297 
(3.2)

471
(8.7)

231
(3.0)

<.001 186
(6.9)

66
(3.7)

<.001

Epilepsy 349 
(4.3)

450 
(4.8)

253
(4.7)

399
(5.3)

1.000 96
(3.6)

51
(2.9)

1.000

Cerebrovascular diseases 367 
(4.5)

361 
(3.9)

265
(4.9)

308
(4.1)

.499 102
(3.8)

53
(3.0)

1.000

Eczema * 331 
(4.1)

285 
(3.0)

238
(4.4)

241
(3.2)

<.01 93
(3.4)

44
(2.5)

1.000

Migraine *** 369 
(4.5)

194 
(2.1)

217
(4.0)

155
(2.0)

<.001 152
(5.6)

39
(2.2)

<.001

Ischaemic heart disease 249 
(3.1)

312 
(3.3)

196
(3.6)

239
(3.1)

1.000 53
(2.0)

73
(4.2)

<.001

Chronic Obstructive Lung diseases 237 
(2.9)

239 
(2.5)

153
(2.8)

189
(2.5)

1.000 84
(3.1)

50
(2.8)

1.000

Chronic Kidney disease 158 
(1.9)

121 
(1.3)

104
(1.9)

75
(1.0)

<.001 54
(2.0)

46
(2.6)

1.000

Parkinson disease 113 
(1.4)

153 
(1.6)

81
(1.5)

120
(1.6)

1.000 32
(1.2)

33
(1.9)

1.000

Heart failure 123 
(1.5)

99 
(1.0)

105
(1.9)

82
(1.1)

.001 18
(0.7)

17
(1.0)

1.000

Psoriasis 76 
(0.9)

103 
(1.1)

45
(0.8)

84
(1.1)

1.000 31
(1.1)

19
(1.1)

1.000

Atrial fibrillation 65 
(0.8)

68 
(0.7)

50
(0.9)

50
(0.7)

1.000 15
(0.6)

18
(1.0)

1.000

Transient Ischaemic Attack 79 
(1.0)

51 
(0.5)

53
(1.0)

38
(0.5)

.037 26
(1.0)

13
(0.7)

1.000

Inflammatory Bowel diseases 26 
(0.3)

14 
(0.1)

18
(0.3)

7
(0.1)

.080 8
(0.3)

7
(0.4)

1.000
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Multiple Sclerosis 17 
(0.2)

15 
(0.2)

9
(0.2)

10
(0.1)

- 8
(0.3)

5
(0.3)

-

Chronic liver disease 10 
(0.1)

12 
(0.1)

9 11
(0.1)

- 1
(0.0)

1
(0.1)

-

Chronic  Sinusitis 3 
(0.0)

3 
(0.0)

3 3
(0.0)

- 0
(0.0)

0
(0.0)

-

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between male and female groups in the whole SMI 
cohort 
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Supplemental Table 3. Prevalence for each condition for the whole cohort and diagnoses 

subgroups and across age ranges at first SMI diagnosis.
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Total SSD BD
15-34 35-44 45-54 55-64 65+ 15-34 35-44 45-54 55-64 65+ 15-34 35-44 45-54 55-64 65+

Total 7497 3736 2783 1525 1959 5607 2792 2057 1067 1496 1890 944 726 458 463
Diabetes*** 697 

(9.3)
559 

(15.0)
531 

(19.1)
371 

(24.3)
528 

(27.0)
591 

(10.5)
479 

(17.2)
439 

(21.3)
284 

(26.6)
415 

(27.7)
p < 

0.001
106 
(5.6)

80 
(8.5)

92 
(12.7)

87 
(19.0)

113 
(24.4)

p < 
0.001

Hypertension*** 472 
(6.3)

426 
(11.4)

514 
(18.5)

416 
(27.)3

709 
(36.2)

412 
(7.3)

372 
(13.3)

411 
(20.0)

313 
(29.3)

562 
(37.6)

p < 
0.001

60 
(3.2)

54 
(5.7)

103 
(14.2)

103 
(22.5)

147 
(31.7)

p < 
0.001

Asthma*** 820 
(10.9)

347 
(9.3)

297 
(10.7)

126 
(8.3)

132 
(6.7)

635 
(11.3)

248 
(8.9)

218 
(10.6)

89 
(8.3)

101 
(6.8)

p < 
0.001

185 
(9.8)

99 
(10.5)

79 
(10.9)

37 
(8.1)

31 
(6.7)

p = 
1.000

Arthritis*** 125 
(1.7)

154 
(4.1)

229 
(8.2)

167 
(11.0)

279 
(14.2)

93 
(1.7)

120 
(4.3)

159 
(7.7)

118 
(11.1)

212 
(14.2)

p < 
0.001

32 
(1.7)

34 
(3.6)

70 
(9.6)

49 
(10.7)

67 
(14.5)

p < 
0.001

Epilepsy 339 
(4.5)

188 
(5.0)

133 
(4.8)

67 
(4.4)

72 
(3.7)

276 
(4.9)

154 
(5.5)

112 
(5.4)

55 
(5.2)

55 
(3.7)

1.000 63 
(3.3)

34 
(3.6)

21 
(2.9)

12 
(2.6)

17 
(3.7)

1.000

CVA*** 166 
(2.2)

112 
(3.0)

122 
(4.4)

114 
(7.5)

214 
(10.9)

143 
(2.6)

87 
(3.1)

95 
(4.6)

84 
(7.9)

164 
(11.0)

p < 
0.001

23 
(1.2)

25 
(2.6)

27 
(3.7)

30 
(6.6)

50 
(10.8)

p < 
0.001

Eczema 310 
(4.1)

115 
(3.1)

79 
(2.8)

50 
(3.3)

62 
(3.2)

244 
(4.4)

88 
(3.2)

58 
(2.8)

37 
(3.5)

52 
(3.5)

0.120 66 
(3.5)

27 
(2.9)

21 
(2.9)

13 
(2.8)

10 
(2.2)

1.000

Migraine*** 300 
(4.0)

122 
(3.3)

87 
(3.1)

32 
(2.1)

23 
(1.2)

207 
(3.7)

73 
(2.6)

53 
(2.6)

24 
(2.2)

15 
(1.0)

p < 
0.001

93 
(4.9)

49 
(5.2)

34 
(4.7)

8 
(1.7)

8 
(1.7)

0.011

Isc heart 
disease***

111 
(1.5)

73 
(2.0)

105 
(3.8)

95 
(6.2)

177 
(9.0)

96 
(1.7)

60 
(2.1)

80 
(3.9)

65 
(6.1)

134 
(9.0)

p < 
0.001

15 
(0.8)

13 
(1.4)

25 
(3.4)

30 
(6.6)

43 
(9.3)

p < 
0.001

COPD*** 39 
(0.5)

58 
(1.6)

119 
(4.3)

115 
(7.5)

145 
(7.4)

29 
(0.5)

40 
(1.4)

87 
(4.2)

82 
(7.7)

104 
(7.0)

p < 
0.001

10 
(0.5)

18 
(1.9)

32 
(4.4)

33 
(7.2)

41 
(8.9)

p < 
0.001

CKD*** 12 
(0.2)

18 
(0.5)

41 
(1.5)

55 
(3.6)

153 
(7.8)

9 
(0.2)

14 
(0.5)

28 
(1.4)

33 
(3.1)

95 
(6.4)

p < 
0.001

3 
(0.2)

4 
(0.4)

13 
(1.8)

22 
(4.8)

58 
(12.5)

-

PD*** 70 
(0.9)

33 
(0.9)

37 
(1.3)

41 
(2.7)

85 
(4.3)

57 
(1.0)

22 
(0.8)

27 
(1.3)

32 
(3.0)

63 
(4.2)

p < 
0.001

13 
(0.7)

11 
(1.2)

10 
(1.4)

9 
(2.0)

22 
(4.8)

p < 
0.001

HF*** 18 
(0.2)

30 
(0.8)

42 
(1.5)

40 
(2.6)

92 
(4.7)

17 
(0.3)

30 
(1.1)

38 
(1.8)

29 
(2.7)

73 
(4.9)

p < 
0.001

1 
(0.1)

0 
(0.0)

4 
(0.6)

11 
(2.4)

19 
(4.1)

-

Psoriasis 67 
(0.9)

33 
(0.9)

37 
(1.3)

17 
(1.1)

25 
(1.3)

54 
(1.0)

25 
(0.9)

25 
(1.2)

9 
(0.8)

16 
(1.1)

1.000 13 
(0.7)

8 
(0.8)

12 
(1.7)

8 
(1.7)

9 
(1.9)

0.450

Atrial 
fibrillation***

14 
(0.2)

7 
(0.2)

12 
(0.4)

19 
(1.2)

81 
(4.1)

11 
(0.2)

6 
(0.2)

8 
(0.4)

12 
(0.1)

63 
(4.2)

p < 
0.001

3 
(0.20

1 
(0.1)

4 
(0.6)

7 
(1.5)

18 
(3.9)

-

TIA*** 20 
(0.3)

18 
(0.5)

19 
(0.7)

23 
(1.5)

50 
(2.6)

15 
(0.3)

15 
(0.5)

13 
(0.6)

14 
(1.3)

34 
(2.3)

p < 
0.001

5 
(0.3)

3 
(0.3)

6 
(0.8)

9 
(2.0)

16 
(3.5)

-

IBD 9 
(0.1)

8 
(0.2)

12 
(0.4)

6 
(0.4)

5 
(0.3)

4 
(0.1)

6 
(0.2)

7 
(0.3)

3 
(0.3)

5 
(0.3)

- 5 
(0.3)

2 
(0.2)

5 
(0.7)

3 
(0.7)

0 
(0.0)

-

MS 6 
(0.1)

8 
(0.2)

11 
(0.4)

5 
(0.3)

2 
(0.1)

4 
(0.1)

4 
(0.1)

8 
(0.4)

3 
(0.3)

0 
(0.0)

- 2 
(0.1)

4 
(0.4)

3 
(0.4)

2 
(0.4)

2 
(0.4)

-
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Chronic liver 
disease

5 
(0.1)

7 
(0.2)

6 
(0.2)

3 
(0.2)

1 
(0.1)

5 
(0.1)

7 
(0.3)

5 
(0.2)

2 
(0.2)

1 
(0.1)

- 0 
(0.0)

0 
(0.0)

1 
(0.1)

1 
(0.2)

0 
(0.0)

-

Chronic sinusitis 5 
(0.1)

0 
(0.0)

1 
(0.0)

0 
(0.0)

0 
(0.0)

5 
(0.1)

0 
(0.0)

1 
(0.0)

0 
(0.0)

0 
(0.0)

- 0 
(0.0)

0 
(0.0)

0 
(0.0)

0 
(0.0)

0 
(0.0)

-

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between age  groups within the  SMI cohort.
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Supplemental Tables 4. Prevalence for each condition for the whole cohort and diagnoses 
subgroups and across ethnicities

Table 4a. Prevalence for each condition for the whole cohort and ethnicity.
White 
British
n=6243
(35.7%)

Irish
n=346
(2.0%)

Black 
Caribbean

n=3182
(18.2%)

Black 
African
n=2094
(12.0%)

South 
Asian
n=549
(3.1%)

Other§

n=2846
(22.0%)

Unknown§

n=1240
(7.1%)

Statistics

Diabetes 837 (13.4) 55 (15.9) 757 (23.8) 382 (18.2) 125 (22.8) 461 (12.0) 69 (5.6) 𝝌2 (4) = 172.49; 
p <0.001

Hypertension 804 (12.9) 63 (18.2) 678 (21.3) 430 (20.5) 102 (18.6) 400 (10.4) 60 (4.8) 𝝌2 (4) = 137.98; 
p <0.001

Asthma 651 (10.4) 40 (11.6) 484 (15.2) 156 (7.4) 42 (7.7) 296 (7.7) 53 (4.3) 𝝌2 (4) = 92.58; p 
<0.001

Arthritis 402 (6.4) 29 (8.4) 246 (7.7) 90 (4.3) 36 (6.6) 139 (3.6) 12 (1.0) 𝝌2 (4) = 26.80; p 
<0.001

Epilepsy 339 (5.4) 26 (7.5) 164 (5.2) 77 (3.7) 17 (3.1) 147 (3.8) 29 (2.4) 𝝌2 (4) = 19.02; p 
= 0.010

Cerebrovascular accident 274 (4.4) 20 (5.8) 184 (5.8) 92 (4.4) 25 (4.6) 116 (3.0) 17 (1.4) 𝝌2 (4) = 10.60; p 
= 0.408

Eczema 222 (3.6) 7 (2.0) 185 (5.8) 61 (2.9) 17 (3.1) 108 (2.8) 16 (1.3) 𝝌2 (4) = 41.93; p 
<0.001

Migraine 235 (3.8) 12 (3.5) 129 (4.1) 61 (2.9) 17 (3.1) 98 (2.5) 12 (1.0) 𝝌2 (4) = 5.44; p 
>.99

Ischemic heart disease 261 (4.2) 13 (3.8) 108 (3.4) 48 (2.3) 19 (3.5) 99 (2.6) 13 (1.0) 𝝌2 (4) = 16.74; p 
= 0.028

COPD 271 (4.3) 32 (9.2) 63 (2.0) 21 (1.0) 14 (2.6) 60 (1.6) 15 (1.2) 𝝌2 (4) = 114.69; 
p <0.001

CKD 125 (2.0) 9 (2.6) 56 (1.8) 32 (1.5) 13 (2.4) 37 (1.0) 7 (0.6) 𝝌2 (4) = 3.81; p 
>.99

Parkinson’s disease 117 (1.9) 6 (1.7) 56 (1.8) 25 (1.2) 11 (2.0) 45 (1.2) 6 (0.5) 𝝌2 (4) = 4.56; p 
>.99

Heart failure 88 (1.4) 8 (2.3) 55 (1.7) 29 (1.4) 8 (1.5) 31 (0.8) 3 (0.2) 𝝌2 (4) = 3.16; p 
>.99

Psoriasis 103 (1.6) 4 (1.2) 12 (0.4) 6 (0.3) 5 (0.9) 44 (1.1) 5 (0.4) *

Atrial fibrillation 69 (1.1) 9 (2.6) 23 (0.7) 11 (0.5) 2 (0.4) 15 (0.4) 4 (0.3) *
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TIA 58 (0.9) 7 (2.0) 24 (0.8) 15 (0.7) 7 (1.3) 13 (0.3) 6 (0.5) *

IBD 24 (0.4) 1 (0.3) 2 (0.1) 2 (0.1) 1 (0.2) 9 (0.2) 1 (0.1) *

Multiple sclerosis 21 (0.3) 1 (0.3) 3 (0.1) 1 (0.0) 0 (0.0) 4 (0.1) 2 (0.2) *

Chronic liver disease 9 (0.1) 1 (0.3) 1 (0.0) 6 (0.3) 0 (0.0) 5 (0.1) 0 (0.0) *

Chronic sinusitis 1 (0.0) 0 (0.0) 3 (0.1) 1 (0.0) 0 (0.0) 1 (0.0) 0 (0.0) *

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes

Table 4b. Prevalence for each condition across ethnicities in SSD.
White 
British
n=4008
(30.8%)

Irish
n=240
(1.8%)

Black 
Caribbean

n=2799
(21.5%)

Black 
African
n=1886
(14.5%)

South 
Asian
n=421
(3.2%)

Other§

n=2822
(21.7%)

Unknown§

n=843
(6.5%)

Statistics

Diabetes 602 (15.0) 37 (15.4) 682 (24.4) 351 (18.6) 87 (20.7) 390 (13.8) 59 (7.0) 𝝌2 (4) = 
97.10; p <0.001

Hypertension 573 (14.3) 47 (19.6) 606 (21.7) 396 (21.0) 77 (18.3) 322 (11.4) 49 (5.8) 𝝌2 (4) = 
73.74; p <0.001

Asthma 443 (11.1) 23 (9.6) 408 (14.6) 134 (7.1) 26 (6.2) 217 (7.7) 40 (4.7) 𝝌2 (4) = 
75.96; p <0.001

Arthritis 252 (6.3) 17 (7.1) 206 (7.4)  86 (4.6) 29 (6.9) 103 (3.6) 9 (1.1) 𝝌2 (4) = 
15.48; p = 0.038

Epilepsy 261 (6.5) 23 (9.6) 141 (5.0)  70 (3.7) 14 (3.3) 117 (4.1) 26 (3.1) 𝝌2 (4) = 
32.45; p <0.001

Cerebrovascular 
accident

188 (4.7) 15 (6.2) 159 (5.7)  82 (4.3) 18 (4.3)  96 (3.4) 15 (1.8) 𝝌2 (4) = 
6.48; p >0.99

Eczema 145 (3.6)  4 (1.7) 159 (5.7)  54 (2.9) 12 (2.9)  93 (3.3) 12 (1.4) 𝝌2 (4) = 
33.32; p <0.001

Migraine 126 (3.1) 10 (4.2) 110 (3.9)  48 (2.5) 12 (2.9)  59 (2.1) 7 (0.8) 𝝌2 (4) = 
8.03; p = 0.904

Ischemic heart disease 187 (4.7)  9 (3.8)  98 (3.5)  46 (2.4) 13 (3.1)  74 (2.6) 8 (0.9) 𝝌2 (4) = 
19.15; p = 0.007

COPD 190 (4.7) 18 (7.5)  51 (1.8)  16 (0.8)  9 (2.1)  44 (1.6) 14 (1.7) 𝝌2 (4) = 
101.62; p <0.001

CKD  64 (1.6)  5 (2.1)  45 (1.6)  26 (1.4) 10 (2.4)  24 (0.9) 5 (0.6) *

Parkinson’s disease  79 (2.0)  4 (1.7)  49 (1.8)  21 (1.1)  6 (1.4)  36 (1.3) 6 (0.7) *
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Heart failure  65 (1.6)  8 (3.3)  50 (1.8)  28 (1.5)  7 (1.7)  26 (0.9) 3 (0.4) *

Psoriasis  66 (1.6)  2 (0.8)   9 (0.3)   6 (0.3)  4 (1.0)  37 (1.3) 5 (0.6) *

Atrial fibrillation  46 (1.1)  7 (2.9)  22 (0.8)  11 (0.6)  1 (0.2)  10 (0.4) 3 (0.4) *

TIA  34 (0.8)  5 (2.1)  21 (0.8)  13 (0.7)  6 (1.4)   8 (0.3) 4 (0.5) *

IBD  12 (0.3)  1 (0.4)   2 (0.1)   2 (0.1)  1 (0.2)   6 (0.2) 1 (0.1) *

Multiple sclerosis  12 (0.3)  1 (0.4)   3 (0.1)   0 (0.0)  0 (0.0)   2 (0.1) 1 (0.1) *

Chronic liver disease   7 (0.2)  1 (0.4)   1 (0.0)   6 (0.3)  0 (0.0)   5 (0.2) 0 (0.0) *

Chronic sinusitis   1 (0.0)  0 (0.0)   3 (0.1)   1 (0.1)  0 (0.0)   1 (0.0) 0 (0.0) *

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes

Table 4c. Prevalence for each condition across ethnicities in BD.
White 
British
n=2235
(49.9%)

Irish
n=106
(2.4%)

Black 
Caribbean

n=383
(8.5%)

Black 
African
n=208
(4.6%)

South 
Asian
n=128
(2.9%)

Other§

n=1024
(22.9%)

Unknown§

n=397
(8.9%)

Statistics

Diabetes 235 (10.5) 18 (17.0) 75 (19.6) 31 (14.9) 38 (29.7) 71 (6.9) 10 (2.5) 𝝌2 (4) = 
60.65; p <0.001

Hypertension 231 (10.3) 16 (15.1) 72 (18.8) 34 (16.3) 25 (19.5) 78 (7.6) 11 (2.8) 𝝌2 (4) = 
32.99; p <0.001

Asthma 208 (9.3) 17 (16.0) 76 (19.8) 22 (10.6) 16 (12.5) 79 (7.7) 13 (3.3) 𝝌2 (4) = 
39.95; p <0.001

Arthritis 150 (6.7) 12 (11.3) 40 (10.4)  4 (1.9)  7 (5.5) 36 (3.5) 3 (0.8) 𝝌2 (4) = 
19.09; p = 0.004

Epilepsy  78 (3.5)  3 (2.8) 23 (6.0)  7 (3.4)  3 (2.3) 30 (2.9) 3 (0.8) *

Cerebrovascular accident 86 (3.8)  5 (4.7) 25 (6.5) 10 (4.8)  7 (5.5) 20 (2.0) 2 (0.5) *

Eczema  77 (3.4)  3 (2.8) 26 (6.8)  7 (3.4)  5 (3.9) 15 (1.5) 4 (1.0) *

Migraine 109 (4.9)  2 (1.9) 19 (5.0) 13 (6.2)  5 (3.9) 39 (3.8) 5 (1.3) 𝝌2 (4) = 
3.17; p >0.99

Ischemic heart disease  74 (3.3)  4 (3.8) 10 (2.6)  2 (1.0)  6 (4.7) 25 (2.4) 5 (1.3) *
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COPD  81 (3.6) 14 (13.2) 12 (3.1)  5 (2.4)  5 (3.9) 16 (1.6) 1 (0.3) *

CKD  61 (2.7)  4 (3.8) 11 (2.9)  6 (2.9)  3 (2.3) 13 (1.3) 2 (0.5) *

Parkinson’s disease  38 (1.7)  2 (1.9)  7 (1.8)  4 (1.9)  5 (3.9)  9 (0.9) 0 (0.0) *

Heart failure  23 (1.0)  0 (0.0)  5 (1.3)  1 (0.5)  1 (0.8)  5 (0.5) 0 (0.0) *

Psoriasis  37 (1.7)  2 (1.9)  3 (0.8)  0 (0.0)  1 (0.8)  7 (0.7) 0 (0.0) *

Atrial fibrillation  23 (1.0)  2 (1.9)  1 (0.3)  0 (0.0)  1 (0.8)  5 (0.5) 1 (0.3) *

TIA  24 (1.1)  2 (1.9)  3 (0.8)  2 (1.0)  1 (0.8)  5 (0.5) 2 (0.5) *

IBD  12 (0.5)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  3 (0.3) 0 (0.0) *

Multiple sclerosis   9 (0.4)  0 (0.0)  0 (0.0)  1 (0.5)  0 (0.0)  2 (0.2) 1 (0.3) *

Chronic liver disease   2 (0.1)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0) 0 (0.0) *

Chronic sinusitis   0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0) 0 (0.0) *

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes
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Supplemental Table 5. Social deprivation prevalence for each condition for the whole cohort and within SSD and BD.
Total 
cohort

SSD AD

1 - 
least 

depriv
ed

n (%)

2
n (%)

3
n (%)

4
n (%)

5 - 
most 

depriv
ed

n (%)

Not 
stated§

n (%)

1 - 
least 

depriv
ed

n (%)

2
n (%)

3
n (%)

4
n (%)

5 - 
most 

depriv
ed

n (%)

Not 
stated§

n (%)

Chi 
square

1 - 
least 

depriv
ed

n (%)

2
n (%)

3         
n (%)

4
n (%)

5 - 
most 

depriv
ed

n (%)

Not 
stated§

n (%)

Chi square

Total 742
(100)

1384
(100)

3575
(100)

7073
(100)

4033
(100)

693
(100)

412
(100)

887
(100)

2503
(100)

5476
(100)

3204
(100)

537
(100)

330
(100)

497
(100)

1072
(100)

1597
(100)

829
(100)

156
(100)

Diabetes *** 62
(8.4)

169
(12.2)

528
(14.8)

1201 
(17.0)

698
(17.3)

28
(4.0)

49
(11.9)

117
(13.2)

409
(16.3)

1019
(18.6)

594
(18.5)

20
(3.7)

X2(4) = 
29.7; 

p<0.00
1

13
(3.9)

52
(10.5)

119
(11.1)

182
(11.4)

104
(12.5)

8
(5.1)

X2(4) = 19.4; 
p=0.007

Hypertension 
***

77
(10.4)

154
(11.1)

468
(13.1)

1189 
(16.8)

627
(15.5)

22
(3.2)

51
(12.4)

108
(12.2)

368
(14.7)

1008
(18.4)

517
(16.1)

18
(3.4)

X2(4) = 
37.8; 

p<0.00
1

26
(7.9)

46
(9.3)

100
(9.3)

181
(11.3)

110
(13.3)

4
(2.6)

X2(4) = 12.3; 
p=0.17

Asthma *** 42
(5.7)

95
(6.9)

361
(10.1)

758
(10.7)

432
(10.7)

34
(4.9)

27
(6.6)

61
(6.9)

251
(10.0)

589
(10.8)

337
(10.5)

26
(4.8)

X2(4) = 
19.0; 

p=0.01

15
(4.5)

34
(6.8)

110
(10.3)

169
(10.6)

95
(11.5)

8
(5.1)

X2(4) = 19.2; 
p=0.008

Arthritis 36
(4.9)

56
(4.0)

188
(5.3)

411
(5.8)

256
(6.3)

7
(1.0)

18
(4.4)

36
(4.1)

135
(5.4)

312
(5.7)

197
(6.1)

4
(0.7)

X2(4) = 
7.30; 

p>0.99

18
(5.5)

20
(4.0)

53
(4.9)

99
(6.2)

59
(7.1)

3
(1.9)

X2(4) = 7.51; 
p>0.99

Epilepsy 32
(4.3)

50
(3.6)

160
(4.5)

344
(4.9)

202
(5.0)

11
(1.2)

24
(5.8)

40
(4.5)

123
(4.9)

292
(5.3)

164
(5.1)

9
(1.7)

X2(4) = 
1.79; 

p>0.99

8
(2.4)

10
(2.0)

37
(3.5)

52
(3.3)

38
(4.6)

2
(1.3)

X2(4) = 7.59; 
p>0.99

CVA 19
(2.6)

52
(3.8)

146
(4.1)

328
(4.6)

180
(4.5)

3
(0.4)

12
(2.9)

33
(3.7)

107
(4.3)

272
(5.0)

146
(4.6)

3
(0.6)

X2(4) = 
6.55; 

p>0.99

7
(2.1)

19
(3.8)

39
(3.6)

56
(3.5)

34
(4.1)

0 X2(4) = 2.80; 
p>0.99

Eczema 22
(3.0)

45
(3.3)

120
(3.4)

273
(3.9)

147
(3.6)

9
(1.3)

17
(4.1)

34
(3.8)

86
(3.4)

212
(3.9)

123
(3.8)

7
(1.3)

X2(4) = 
1.11; 

p>0.99

5
(1.5)

11
(2.2)

34
(3.2)

61
(3.8)

24
(2.9)

2
(1.3)

X2(4) =
6.90;

p>0.99

Migraine 17
(2.3)

39
(2.8)

121
(3.4)

243
(3.4)

140
(3.5)

4
(0.6)

11
(2.7)

20
(2.3)

63
(2.5)

176
(3.2)

99
(3.1)

3
(0.6)

X2(4) = 
4.79; 

p>0.99

6
(1.8)

19
(3.8)

58
(5.4)

67
(4.2)

41
(4.9)

1
(0.6)

X2(4) = 8.94; 
p=0.69

Ischaemic 
heart disease

20
(2.7)

48
(3.5)

103
(2.9)

240
(3.4)

143
(3.5)

7
(1.0)

9
(2.2)

33
(3.7)

74
(3.0)

194
(3.5)

120
(3.7)

5
(0.9)

X2(4) = 
4.99; 

p>0.99

11
(3.3)

15
(3.0)

29
(2.7)

46
(2.9)

23
(2.8)

2
(1.3)

X2(4) = 0.43; 
p>0.99

COPD ** 6
(0.8)

35
(2.5)

83
(2.3)

208
(2.9)

139
(3.4)

5
(0.7)

3
(0.7)

22
(2.5)

59
(2.4)

159
(2.9)

95
(3.0)

4
(0.7)

X2(4) =
9.07;

p=0.77

3
(0.9)

13
(2.6)

24
(2.2)

49
(3.1)

44
(5.3)

1
(0.6)

X2(4) =
21.9;

p=0.002
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CKD 8
(1.1)

22
(1.6)

46
(1.3)

128
(1.8)

74
(1.8)

1
(0.1)

4
(1.0)

9
(1.0)

28
(1.1)

81
(1.5)

56
(1.7)

1
(0.2)

X2(4) =
5.83;

p>0.99

4
(1.2)

13
(2.6)

18
(1.7)

47
(2.9)

18
(2.2)

0 X2(4) = 6.76;
p>0.99

PD 9
(1.2)

22
(1.6)

51
(1.4)

121
(1.7)

60
(1.5)

3
(0.4)

5
(1.2)

16
(1.8)

33
(1.3)

97
(1.8)

48
(1.5)

2
(0.4)

X2(4) =
3.13;

p>0.99

4
(1.2)

6
(1.2)

18
(1.7)

24
(1.5)

12
(1.4)

1
(0.6)

---

Heart failure 10
(1.3)

12
(0.9)

47
(1.3)

92
(1.3)

58
(1.4)

3
(0.4)

7
(1.7)

10
(1.1)

39
(1.6)

78
(1.4)

52
(1.6)

1
(0.2)

X2(4) = 
1.54; 

p=0.82

3
(0.9)

2
(0.4)

8
(0.7)

14
(0.9)

6
(0.7)

2
(1.3)

---

Psoriasis 11
(1.5)

12
(0.9)

33
(0.9)

71
(1.0)

48
(1.2)

4
(0.6)

4
(1.0)

6
(0.7)

24
(1.0)

54
(1.0)

37
(1.2)

4
(0.7)

--- 7
(2.1)

6
(1.2)

9
(0.8)

17
(1.1)

11
(1.3)

0 ---

Atrial 
fibrillation

10
(1.3)

11
(0.8)

27
(0.8)

53
(0.7)

29
(0.7)

3
(0.4)

6
(1.5)

7
(0.8)

21
(0.8)

42
(0.8)

23
(0.7)

1
(0.2)

--- 4
(1.2)

4
(0.8)

6
(0.6)

11
(0.7)

6
(0.7)

2
(1.3)

---

TIA 3
(0.3)

17
(1.0)

27
(0.6)

55
(0.6)

28
(0.5)

0 1
(0.2)

9
(1.0)

16
(0.6)

43
(0.8)

22
(0.7)

0 --- 2
(0.6)

8
(1.6)

11
(1.0)

12
(0.8)

6
(0.7)

0 ---

IBD 1
(0.1)

4
(0.3)

10
(0.3)

12
(0.2)

13
(0.3)

0 0 1
(0.1)

7
(0.3)

7
(0.1)

10
(0.3)

0 --- 1
(0.3)

3
(0.6)

3
(0.3)

5
(0.3)

3
(0.4)

0 ---

MS 4
(0.5)

2
(0.1)

7
(0.2)

14
(0.2)

4
(0.1)

1
(0.1)

2
(0.5)

2
(0.2)

2
(0.1)

9
(0.2)

3
(0.1)

1
(0.2)

--- 2
(0.6)

0 5
(0.5)

5
(0.3)

1
(0.1)

0 ---

Chronic liver 
disease

0 1
(0.1)

8
(0.2)

8
(0.1)

5
(0.1)

0 0 0 8
(0.3)

8
(0.1)

4
(0.1)

0 --- 0 1
(0.2)

0 0 1
(0.1)

0 ---

Chronic 
sinusitis

0 0 1
(0.0)

2
(0.0)

3
(0.1)

0 0 0 1
(0.0)

2
(0.0)

3
(0.1)

0 --- 0 0 0 0 0 0 ---

*, p<0.05; **, p≤0.01; ***, p≤0.001; CVA, cerebrovascular accident; COPD, chronic obstructive lung disease; CKD, chronic kidney disease; PD, Parkinson’s disease; TIA, transient 
ischemic attack; IBD, inflammatory bowel disease; MS, multiple sclerosis
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Supplemental Table 6. Sociodemographic features of cohort in HoNOS subsample analysis

Total
n (%)

SSD
n (%)

BD
n (%)

Totals n (%) 13650 (100.0) 10384 (76.1) 3266 (23.9)
Sex***

Female 6537 (47.9) 4526 (69.2) 2011  (30.8)
Male 7112 (52.1) 5858 (82.4) 1254  (17.6)

Age at first SMI diagnosis***
15 – 34 5821 (42.6) 4420 (42.6) 1401 (42.9(
35 – 44 3430 (25.1) 2183 (75.3) 716 (24.7)
45 – 54 2082 (15.3) 1594 (76.6) 488 (23.4)
55 – 64 1089 (8.0) 811 (74.5) 278 (25.5)
65+ 1759 (12.9) 1376 (13.3) 383 (11.7)

Ethnicity***
White British 4571 (33.5) 2961 (64.8) 1610 (35.2)

Black Caribbean 2849 (20.9) 2515 (88.3) 334 (11.7)

Black African 1852 (13.6) 1679 (90.7) 173  (9.3)

South Asian 436 (3.2) 338 (77.5) 98 (22.5)

Irish 286 (2.1) 197 (68.9) 89 (31.1)

Other§ 3127 (22.9) 2327 (74.4) 800 (25.6)

Not stated§ 529 (3.9) 367 (3.5) 162 (5.0)
Index of multiple deprivation***

1 (least deprivation) 380 (2.8) 237 (62.4) 143 (37.6)
2 883 (6.5) 581 (65.8) 302 (34.2)
3 2786 (20.4) 1994 (71.6) 792 (28.4)
4 5947 (43.6) 4654 (78.3) 1293 (21.7)
5 (most deprivation) 3308 (24.2) 2650 (80.1) 658 (19.9)
Unknown§ 346 (2.5) 268 (77.5) 78 (22.5)

Physical conditions***
No mentions 7232 (53.0) 5320 (73.6) 1912 (26.4)

One 3295 (24.1) 2596 (78.8) 699 (21.2)

Two 1669 (12.2) 1340 (80.3) 329 (19.7)

Three or more 1454 (10.7) 1128 (77.6) 326 (22.4)
Note.. ***  p < .001 for comparisons between BD and SSD groups. §Not included in analyses.
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Supplemental Table 7. Associations between comorbidities and HoNOS scores in SSD.
Comorbidity HoNOS Score Unadjusted M1 M2a

Mean (SD) B (95% CI) B (95% CI) B (95% CI)
Whole cohort 10.75 (6.10)

Diabetes 11.04 (6.10) 0.360 
(0.067 – 0.654)**

0.224 
(-0.073 – 0.522)

0.300 
(-0.002 – 0.602)

Ref: No diabetes 10.68 (6.10)

Hypertension 11.17 (6.05) 0.519 
(0.220 – 0.818)***

0.264 
(-0.048 – 0.575)

0.324 
(0.006 – 0.641)*

Ref: No hypertension 10.65 (6.11)

Asthma 11.19 (6.11) 0.492 
(0.126 – 0.859)**

0.551 
(0.185 – 0.918)**

0.530 
(0.158 – 0.903)**

Ref: No asthma 10.70 (6.10)

Arthritis 12.08 (6.21) 1.422 
(0.948– 1.895)***

1.259 
(0.775 – 1.742)***

1.274 
(0.788 – 1.759)***

Ref: No arthritis 10.66 (6.08)

Epilepsy 11.53 (6.24) 0.827 
(0.316 – 1.337)***

0.850 
(0.341 – 1.358)***

0.856 
(0.341 – 1.370)***

Ref: No epilepsy 10.71 (6.09)

CVA 11.87 (6.23) 1.178 
(0.651 – 1.705)***

0.913 
(0.383 – 1.443)***

0.921 
(0.388 – 1.454)**

Ref: No CVA 10.69 (6.09)

Eczema 11.48 (6.25) 0.763 
(0.188 – 1.338)**

0.846 
(0.273 – 1.420)**

0.754 
(0.172 – 1.336)*

Ref: No eczema 10.72 (6.09)
Migraine 10.71 (5.87) -0.041 

(-0.683 – 0.602)
0.196 

(-0.447 – 0.839)
0.192 

(-0.458 – 0.842)
Ref: No migraine 10.75 (6.11)

Ischaemic heart disease 11.59 (5.91) 0.874 
(0.274 – 1.474)**

0.520 
(-0.083 – 1.124)

0.477 
(-0.132 – 1.085)

Ref: No ischaemic heart disease 10.72 (6.11)

COPD 12.15 (5.70) 1.444 
(0.760– 2.128)***

1.045 
(0.354 – 1.736)**

1.043 
(0.343 – 1.742)**

Ref: No COPD 10.71 (6.11)

Number of comorbidities 0.387 
(0.294 – 0.481)***

0.328 
(0.231 – 0.425)***

0.342 
(0.243 – 0.441) ***

1 or more comorbidities 11.13 (6.11) 0.745 
(0.511 –0.980)***

0.607 
(0.367 – 0.847)***

0.657 
(0.410 – 0.903)***

Ref: No comorbidities 10.39 (6.07)

2 or more comorbidities 11.45 (6.16) 0.921 
(0.646 – 1.196)***

0.747 
(0.464 – 1.030)***

0.771 
(0.484 – 1.059)***

Ref: Less than 1 comorbidities 10.53 (6.07)
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Supplemental Table8. Associations between comorbidities and HoNOS scores in BD. 
Comorbidity HoNOS Score Unadjusted M1 M2a

Mean (SD) B (95% CI) B (95% CI) B (95% CI)
Whole cohort 9.28 (5.77)

Diabetes 10.941 (5.97) 1.304
(0.720 – 1.887)***

0.968
(0.370 – 1.565)**

0.961
(0.355 – 1.568)**

Ref: No diabetes 9.11 (5.72)

Hypertension 10.13 (5.82) 0.972
(0.384 – 1.561)**

0.446
(-0.182 – 1.074)

0.277
(-0.359 – 0.912)

Ref: No hypertension 9.15 (5.76)

Asthma 10.61 (6.27) 1.512
(0.900 – 2.124)***

1.597
(0.985 – 2.210)***

1.503
(0.887 – 2.120)***

Ref: No asthma 9.10 (5.68)

Arthritis 11.81 (6.13) 2.725
(1.960 – 3.490)***

2.487
(1.702 – 3.273)***

2.396
(1.606 – 3.186)***

Ref: No arthritis 9.09 (5.70)

Epilepsy 10.77 (5.96) 1.552
(0.513 – 2.591)**

1.587
(0.551 – 2.624)**

1.496
(0.466 – 2.527)**

Ref: No epilepsy 9.22 (5.76)

CVA 11.60 (6.16) 2.425
(1.464 – 3.386)***

2.098
(1.124 – 3.071)***

2.030
(1.064 – 2.996)***

Ref: No CVA 9.17 (5.73)

Eczema 9.83 (5.82) 0.578
(-0.446 – 1.603)

0.622
(-0.400 – 1.644)

0.427
(-0.603 – 1.458)

Ref: No eczema 9.26 (5.77)
Migraine 9.55 (5.34) 0.284

(-0.586– 1.154)
0.523

(-0.350– 1.397)
0.527

(-0.346 – 1.400)
Ref: No migraine 9.26 (5.80)

Ischaemic heart disease 11.84 (5.95) 2.649
(1.560 – 3.738)***

2.093
(0.987 – 3.200)***

2.204
(1.098 – 3.309)**

Ref: No ischaemic heart disease 9.19 (5.75)

COPD 11.89 (5.99) 2.711
(1.679 – 3.743)***

2.298
(1.248 – 3.348)***

2.128
(1.077 – 3.179)***

Ref: No COPD 9.18 (5.74)

Number of comorbidities 0.723
(0.566 – 0.879)***

0.661
(0.494 – 0.828)***

0.642
(0.473 – 0.811) ***

1 or more comorbidities 10.30 (5.91) 1.740
(1.343 –2.138)***

1.559
(1.143 – 1.974)***

1.457
(1.031 – 1.883)***

Ref: No comorbidities 8.56 (5.57)

2 or more comorbidities 10.89 (5.99) 2.013
(1.524 – 2.503)***

1.797
(1.280 – 2.314)***

1.789
(1.267 – 2.311)***

Ref: Less than 1 comorbidities 8.88 (5.64)
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Supplemental Figure 1. Distribution of all conditions in the SMI cohort by SMI diagnoses

SMI (total)

SMI (SSD)

SMI (BD)
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Supplemental Figure 2. Prevalence rates for age at SMI diagnoses per condition and comparison 
between individuals with BD and SSD.
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Appendix 1. SNOMED Container and Concept Level Groupings for physical health 
conditions included in this study.

Container Concept Concepts

S-73211009 - Diabetes mellitus 
(disorder)

S-44054006 - Diabetes mellitus type 2 (disorder)
S-46635009 - Diabetes mellitus type 1 (disorder)
S-422088007 - Disorder of nervous system co-
occurrent and due to diabetes mellitus (disorder)
S-25093002 - Disorder of eye co-occurrent and due to 
diabetes mellitus (disorder)
S-73211009 - Diabetes mellitus (disorder)

S-84114007 - Heart failure (disorder) S-128404006 - Right heart failure (disorder)
S-48447003 - Chronic heart failure (disorder)
S-56675007 - Acute heart failure (disorder)
S-85232009 - Left heart failure (disorder)
S-42343007 - Congestive heart failure (disorder)
S-84114007 - Heart failure (disorder)

S-414545008 - Ischemic heart disease 
(disorder)

S-413439005 - Acute ischemic heart disease 
(disorder)
S-413838009 - Chronic ischemic heart disease 
(disorder)
S-194828000 - Angina (disorder)
S-22298006 - Myocardial infarction (disorder)
S-414545008 - Ischemic heart disease (disorder)

S-38341003 - Hypertensive disorder, 
systemic arterial (disorder)

S-31992008 - Secondary hypertension (disorder)
S-48146000 - Diastolic hypertension (disorder)
S-56218007 - Systolic hypertension (disorder)
S-59621000 - Essential hypertension (disorder)
S-38341003 - Hypertensive disorder, systemic arterial 
(disorder)

S-13645005 - Chronic obstructive 
lung disease (disorder)

S-195951007 - Acute exacerbation of chronic 
obstructive airways disease (disorder)
S-87433001 - Pulmonary emphysema (disorder)
S-13645005 - Chronic obstructive lung disease 
(disorder)

S-195967001 - Asthma (disorder) S-195967001 - Asthma (disorder)

S-709044004 - Chronic kidney 
disease (disorder)

S-723190009 - Chronic renal insufficiency (disorder)
S-709044004 - Chronic kidney disease (disorder)
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S-230690007 - Cerebrovascular 
accident (disorder)

S-25133001 - Completed stroke (disorder)
S-371040005 - Thrombotic stroke (disorder)
S-371041009 - Embolic stroke (disorder)
S-413102000 - Infarction of basal ganglia (disorder)
S-422504002 - Ischemic stroke (disorder)
S-723082006 - Silent cerebral infarct (disorder)
S-1078001000000105 - Haemorrhagic stroke 
(disorder)
S-230690007 - Cerebrovascular accident (disorder)

S-266257000 - Transient ischemic 
attack (disorder)

S-266257000 - Transient ischemic attack (disorder)

S-49049000 - Parkinson's disease 
(disorder)

S-49049000 - Parkinson's disease (disorder)

S-24700007 - Multiple sclerosis 
(disorder)

S-24700007 - Multiple sclerosis (disorder)

S-84757009 - Epilepsy (disorder) S-352818000 - Tonic-clonic epilepsy (disorder)
S-19598007 - Generalized epilepsy (disorder)
S-230456007 - Status epilepticus (disorder)
S-509341000000107 - Petit-mal epilepsy (disorder)
S-84757009 - Epilepsy (disorder)

S-37796009 - Migraine (disorder) S-37796009 - Migraine (disorder)
S-4473006 - Migraine with aura (disorder)
S-56097005 - Migraine without aura (disorder)

S-53741008 - Coronary 
arteriosclerosis (disorder)

S-810681000000101 - Coronary microvascular 
disease (disorder)

S-53741008 - Coronary arteriosclerosis (disorder)

S-49436004 - Atrial fibrillation 
(disorder)

S-49436004 - Atrial fibrillation (disorder)

S-40055000 - Chronic sinusitis 
(disorder)

S-40055000 - Chronic sinusitis (disorder)

S-24526004 - Inflammatory bowel 
disease (disorder)

S-24526004 - Inflammatory bowel disease (disorder)
S-397173003 - Crohn's disease of intestine (disorder)
S-64766004 - Ulcerative colitis (disorder)

S-328383001 - Chronic liver disease 
(disorder)

S-328383001 - Chronic liver disease (disorder)
S-76783007 - Chronic hepatitis (disorder)
S-79720007 - Chronic nonalcoholic liver disease 
(disorder)
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S-713181003 - Chronic alcoholic liver disease 
(disorder)

S-9014002 - Psoriasis (disorder) S-9014002 - Psoriasis (disorder)

S-43116000 - Eczema (disorder) S-43116000 - Eczema (disorder)

S-3723001 - Arthritis (disorder) S-69896004 - Rheumatoid arthritis (disorder)
S-399112009 - Seronegative arthritis (disorder)
S-35908007 - Chronic arthritis (disorder)
S-11939005 - Acute arthritis (disorder)
S-3723001 - Arthritis (disorder)
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1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported
4,5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods
Study design 4 Present key elements of study design early in the paper 5,6
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
5,6

(a) Cohort study—Give the eligibility criteria, and the sources and 
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and 
methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and 
methods of selection of participants

5Participants 6

(b) Cohort study—For matched studies, give matching criteria and 
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the 
number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

6-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group

6-8

Bias 9 Describe any efforts to address potential sources of bias 6-9
Study size 10 Explain how the study size was arrived at 5,6
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
6-8

(a) Describe all statistical methods, including those used to control for 
confounding

8,9

(b) Describe any methods used to examine subgroups and interactions 8,9
(c) Explain how missing data were addressed 8,9
(d) Cohort study—If applicable, explain how loss to follow-up was 
addressed
Case-control study—If applicable, explain how matching of cases and 
controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking 
account of sampling strategy

8,9

Statistical methods 12

(e) Describe any sensitivity analyses 8,9
Continued on next page
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2

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, completing 
follow-up, and analysed

10

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders

10

(b) Indicate number of participants with missing data for each variable of interest

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures 
of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures 9-13
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included

9-13

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

Supp

Discussion
Key results 18 Summarise key results with reference to study objectives 13,14
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias
16

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

13-
17

Generalisability 21 Discuss the generalisability (external validity) of the study results 16,17

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
18

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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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 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 (ICD-10, 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 (HoNOS).

Results: Physical health data was extracted, achieving precision rates (F1) above 0.90 for all 

conditions. The ten most prevalent conditions were diabetes, hypertension, asthma, arthritis, 

epilepsy, cerebrovascular accident, eczema, migraine, ischaemic heart disease and COPD. 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 
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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 with good which showed high 

performance rates and allowed us to unlock data from 21 physical health conditions from 

around 15m clinical documents with free text. 

- We mapped how these health conditions are distributed across sex, age, ethnicity, social 

disadvantage and severe mental illness diagnoses in a sample of 17500 patients from one 

of Europe's largest providers of secondary mental healthcare, serving a geographic 

catchment of approximately 1.32 million residents in London.

- The association between multimorbidity (2 or more conditions) and disability was 

examined. Further research is needed to understand potential explanatory pathways for the 

association between multimorbidity and disability in this population.

- 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 comorbidities were extracted, some specific 

health conditions required to compute standard comorbidity scores (e.g., 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, multimorbidity research 

in this population is still scarce[5] compounded by the limited availability of physical health data 

in SMI samples, increased non-response rates in surveys,[6] and physical health information in 

secondary mental health care data primarily hidden in free text fields.  

Most research to date on physical health in SMI populations 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 (e.g., 

inflammatory bowel diseases, psoriasis),[11–13] multiple sclerosis, epilepsy or 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] Woodhead et al.[4] showed an increased risk 

in multimorbidity in SMI patients, but only found epilepsy to be more prevalent as an individual 

condition. Kugathasan et al.[17] investigated combinations of diseases in schizophrenia at organ 

system level and found that 31% had complex multimorbidity with the most prevalent pairs 

including neurologic-endocrine, neurologic-respiratory and neurologic-viral. Similarly, epilepsy 

and arthritis was one of the most prevalent combinations found by Dorrington et al.[16] Although 

these studies included multiple health conditions and confirmed the need of investigating further 

multimorbidity in SMI, they are still not comparable to multimorbidity studies in general 

populations[18–20] and 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 
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potential underlying biological mechanisms.[21–23] Ultimately, SSD and BD have been 

established as significant drivers of disability[24] 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 Interactive Search (CRIS), a case register 

platform that contains de-identified mental healthcare electronic health record data from the South 

London and Maudsley Trust NHS Foundation Trust (SLaM). SLaM is one of Europe's largest 

providers of secondary mental healthcare, serving a geographic catchment of approximately 1.32 

million residents, and providing almost complete coverage of secondary mental healthcare 

provision 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 anonymized full records for over 500,000 cases currently represented in the system.[27]

Page 7 of 67

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Our sample (N=17500) 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 edition [ICD-10][28] codes F20-31). As one of our 

objectives was to compare SSD (F20-29) and BD (F30-31), individuals 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 data:[18–20] diabetes mellitus, heart failure, ischemic 

heart diseases, hypertension, coronary arteriosclerosis, chronic obstructive pulmonary disease 

(COPD), asthma, chronic kidney disease, cerebrovascular accident, transient ischemic attack, 

Parkinson’s disease, multiple sclerosis, epilepsy, migraine, atrial fibrillation, chronic sinusitis, 

inflammatory 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 examined and individually reviewed by two clinicians (Appendix 1). 

Physical health conditions were ascertained from data reported in text records from CRIS since 

2007 until 1st August 2019 for each individual resulting in around 15m documents.

To extract SNOMED concepts from the free text we used MedCAT,[29] a medical concept 

annotation toolkit capable of named entity recognition linking (NER+L) with contextualization. 

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 
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purpose of increasing recall and potentially catching all different name-forms for each concept. In 

a second step, to increase precision, MedCAT was trained in an unsupervised fashion on all the 

available documents; and 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 upon request, were piloted and refined 

in preliminary stages. A relevant instance was defined as a mention of a physical 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’. Diagnosis 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.  MedCATtrainer[30] 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 validation. Hyperparameter optimization in 

both cases used a 10-fold cross validation on the training set.

Page 9 of 67

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Socio-demographics. 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 background), Black African (including mixed 

White and Black African), South Asian (Indian, Pakistani and Bangladeshi) and Other). Index of 

Multiple Deprivation (IMD) was extracted as a measure of neighbourhood socioeconomic 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 individual’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 indicators, which was subsequently divided into quintiles.[31]

Disability. Disability was measured using Health of the Nation Outcome Scales (HoNOS):[32] 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 

problems 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. 
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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. Chi-square tests and Fisher's exact tests, 

with Bonferroni correction for multiple comparisons, were performed to explore associations with 

covariates differences between BD and SSD. 

To address our third objective (to investigate the association of multimorbidity and specific 

physical health with 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 4.0.3 and RStudio 

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 Center (BRC) at South London and 

Maudsley Trust NHS Foundation Trust (SLaM).[33] 

Results

Inter-annotator 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 inter-annotator 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 
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meta-annotations performance results showed good performance for Diagnosis and Status 

(Supplemental Table 1).

PLEASE INSERT 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%, with 

Black Caribbean (18.2%) and Black African (12.0%) groups being the next two largest groups and 

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 physical 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 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 

(Supplemental Figure 1 within SSD and BD). When we compared individuals with SSD and BD, 

we found that the top 10 most prevalent 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 SSD while individuals with 

BD showed higher prevalence rates of migraine (BD 4.3% vs SSD 2.9%).
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PLEASE INSERT TABLE 2 AND FIGURE 1 HERE

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 to men (Supplemental 

Table 2). Within the individuals with SSD, women were in addition found to be more likely to 

report higher rates of diabetes, chronic kidney disease (CKD), heart failure and transient ischaemic 

attack (TIA). Within individuals with BD, sex differences were only found for asthma, arthritis, 

migraine and ischemic heart disease. Women with BD were more likely to report asthma, arthritis 

and migraine while men with BD were more likely to report ischemic heart disease.

With regards to differences across age groups, we found higher prevalence rates of diabetes, 

hypertension, 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 those in younger age ranges (Supplemental 

Table 3, Supplemental Figure 2). 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 accident (Figure 2, 

Supplemental Tables 4). Individuals from Black or South Asian minorities were more likely to 

show higher prevalence rates of diabetes and hypertension compared to those White British or 

Irish. Black Caribbean 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 (29.7%) 

compared to South Asians with SSD (20.7%); while diabetes rates in Black Caribbean with SSD 
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(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 higher 

levels of deprivation compared to those that did not have these specific conditions (Supplemental 

Table 5).

PLEASE INSERT FIGURE 2 AROUND HERE

Multimorbidity combinations for the whole cohort and SSD and BD subgroups 

Table 3 summarizes the ten most common physical comorbidities 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 presence of one physical condition 

predisposed individuals to at least one other condition; the mean number of comorbidities in the 

total cohort was 0.74, jumping to at least 2.20 in the presence of one of the ten 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 are lower in BD than SSD, 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 to SSD). The most common combination of conditions included diabetes, hypertension 

and asthma, regardless of their SMI diagnoses. Most individuals with these combinations of 

conditions were also likely to have arthritis. Figures 3, 4 and 5 show the most prevalent conditions 

for individuals with SMI and comorbid diabetes, hypertension and asthma, respectively.

PLEASE INSERT TABLE 3 AND FIGURES 3,4 AND 5 AROUND HERE

Association with disability
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HoNOS descriptive statistics for the whole SMI cohort (Mean=10.40, SD=6.06) and the ten 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 also associated with HoNOS total score and we found that a strong 

positive association minimally attenuated after adjustments. Similar socio-demographics and 

trends were found within BD and SSD groups (Supplemental Tables 6-8). However, associations 

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. 

PLEASE INSERT TABLE 4 AROUND HERE

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 electronic health records. The NLP 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 replication in other mental health trusts that 

have already deployed CRIS platforms.

Our second objective was to examine the prevalence of these conditions in SMI individuals and  

compare the most prevalent multimorbidity combinations between individuals with BD and SSD.  

Page 15 of 67

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

When we examined differences in socio-demographic variables by diagnosis, our findings were 

largely consistent with previous research,[3,36–39] although associations between ethnicity and 

BD are less established.[40] With regards to sociodemographic differences, we found that women 

with SSD were more likely to have diabetes, CKD, heart failure and TIA compared to men with 

SSD; and women with BD were more likely to have asthma, arthritis and migraine compared to 

men with BD. Previous research in this population showed mixed results. Some studies found 

higher prevalence of hypertension in women with SSD[41] 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 with an SMI diagnosis, especially in SSD. 

Further research in this line is needed. 

Ethnic differences were found for diabetes, hypertension, 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 hypertension 

compared to White British or Irish.  Black Caribbean 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 to 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 
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population where higher levels of social deprivation are found in those with comorbid 

diabetes,[51,52] hypertension,[53] asthma[54] 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 multimorbidity. These findings provide evidence to support previous research 

suggestions about the increased probability of multimorbidity in this population.[3,17,56–59] 

Absolute 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 physical comorbidities in individuals with BD.[3,38,39,41] Overall, 

the top ten 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 combination of conditions included diabetes, hypertension and 

asthma, regardless of their SMI diagnoses. Moreover, 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 explanatory mechanism 

underlying the association between physical multimorbidity and severe mental illness.[60,61] 

Future research should explore further these potential independent contribution 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 potential differences between SSD and BD. 
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In addition, we examined the association between the top ten most prevalent conditions and 

disability levels. We found that not only multimorbidity was clearly associated with higher levels 

of disability but having any of these specific conditions was associated with higher levels of 

disability, even after adjustments for age, sex, deprivation or SMI diagnoses.  Similar results were 

found when we further examined the associations between multimorbidity 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 that socio-demographic 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 ageing[62] or some specific SMI populations.[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 multimorbidity research. This is a key advantage of using EHRs from 

a large secondary mental health care provider and having the benefits of a data extraction strategy 

for accessing 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 promising 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. The present study is limited 

to individuals with SMI which does not allow us to compare comorbidity figures of SMI with other 
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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 maximizing 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, so that our findings might be less representative of highly functioning 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 conditions and include rare diseases and all the conditions needed to calculate standard 

comorbidity scores such as Charlson or Exlihauser indexes which were not considered in this study 

(e.g., 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 overview 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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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

Ischemic 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 ischemic 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. Socio-demographic characteristics and prevalence for physical health conditions for total 

cohort (N=17500) and by SMI diagnosis. 

Total SSD BD 

N (%) 17500 13019 (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)

Number of conditions***
No mentions 10468 (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)
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Migraine*** 564 (3.2) 372 (2.9) 192 (4.3)
Ischemic 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)
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)

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between BD and SSD groups
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Table 3. Ten most prevalent conditions and associated comorbidities of the total cohort and by 

SMI diagnosis.

Condition Preva-
lence 

Mean # of 
comorbiditi
es

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%)
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%)

Diabetes

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%)

Hypertensi
on

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%)

Asthma

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%)

Arthritis

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%)

Epilepsy

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)

CVA

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%)

Eczema

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%)

Migraine

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%)

Ischaemic 
heart 
disease

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%)

COPD

Note. SSD: Schizophrenia Spectrum disorders. BD: Bipolar disorders. HTN: 
hypertension
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Table 4. Associations between specific comorbidities, multimorbidity and HoNOS scores. Models 

were adjusted by age and sex (Model 1), and then additionally adjusted by IMD (Model 2a) or 

SMI diagnosis (Model 2b).

HoNOS Unadjusted Model 1 Model 2a Model 2b
Mean 
(SD)

B (95% CI) B (95% CI)  B (95% CI) B (95% CI)

Physical comorbidities
Diabetes 10.93 

(6.08)
0.652 (0.389 – 

0.914)***
0.464 (0.198 – 

0.730)***
0.485 (0.215 – 

0.755)***
0.359 (0.094 – 

0.625)**
Ref: No diabetes 10.28 

(6.05)
Hypertension 10.99 

(6.02)
0.713 (0.446 – 

0.980)***
0.401 (0.123 – 

0.680)**
0.368 (0.084 – 

0.652)*
0.297 (0.019 – 

0.576)*
Ref: No hypertension 10.27 

(6.06)
Asthma 11.05 

(6.16)
0.734 (0.417 – 

1.051)***
0.806 (0.490 – 

1.121)***
0.770 (0.450 – 

1.091)***
0.804 (0.489 – 

1.118)***
Ref: No asthma 10.31 

(6.04)
Arthritis 12.01 

(6.19)
1.728 (1.322 – 

2.134)***
1.570 (1.156 – 

1.984)***
1.558 (1.142 – 

1.974)***
1.567 (1.155 – 

1.980)***
Ref: No arthritis 10.28 

(6.03)
Epilepsy 11.40 

(6.19)
1.055 (0.596 – 

1.514)***
1.066 (0.609 – 

1.523)***
1.089 (0.628 – 

1.549)***
0.982 (0.527 – 

1.437)***
Ref: No epilepsy 10.35 

(6.05)

CVA 11.81 
(6.22)

1.487 (1.022 – 
1.951)***

1.195 (0.728 – 
1.662)***

1.180 (0.712 – 
1.649)***

1.162 (0.697 – 
1.627)***

Ref: No CVA 10.33 
(6.04)

Eczema 11.12 
(6.19)

0.753 (0.249 – 
1.257)**

0.838 (0.336 – 
1.340)***

0.728 (0.220 – 
1.237)**

0.799 (0.299 – 
1.299)**

Ref: No eczema 10.37 
(6.05)

Migraine 10.33 
(5.73)

-0.078 (-0.600 – 
0.445)

0.212 (-0.311 – 
0.734)

0.227 (-0.300 – 
0.754)

0.302 (-0.218 – 
0.823)

Ref: No migraine 10.40 
(6.07)

Ischaemic heart disease 11.64 
(5.92)

1.294 (0.766 – 
1.822)***

0.864 (0.332 – 
1.395)***

0.853 (0.318 – 
1.387)**

0.849 (0.320 – 
1.379)**

Ref: No ischaemic heart disease 10.35 
(6.06)

COPD 12.08 
(5.78)

1.733 (1.158 – 
2.309)***

1.326 (0.745 – 
1.908)***

1.336 (0.750 – 
1.923)***

1.397 (0.818 – 
1.977)***

Ref: No COPD 10.34 
(6.06)

Multimorbidity
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Number of comorbidities 0.487 (0.406 – 
0.567)***

0.423 (0.339 – 
0.507)***

0.424 (0.339 – 
0.510) ***

0.404 (0.320 – 
0.488)***

1 or more comorbidities 10.96 
(6.08)

1.053 (0.850 –
1.256)***

0.893 (0.685 – 
1.101)***

0.895 (0.681 – 
1.109)***

0.823 (0.615 – 
1.031)***

Ref: No comorbidities 9.90 
(5.99)

2 or more comorbidities 11.34 
(6.13)

1.214 (0.973 – 
1.455)***

1.021 (0.772 – 
1.269)***

1.020 (0.768 – 
1.272)***

0.968 (0.720 – 
1.216)***

Ref: Less than 1 comorbidities 10.12 
(6.01)

Note.. ***  p < .001; ** p < .01; * p < .05
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Figure 1. Comparison of number of physical health comorbidities (a) and specific physical 

comorbidities (b) by SMI diagnosis. 

Figure 2. Prevalence of the most prevalent physical health conditions across ethnicities within 

the SMI cohort and the SSD and BD subgroups.

Figure 3. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

diabetes.

Figure 4. Visualization of most prevalent comorbidities in individuals with SMI and comorbid  

hypertension.

Figure 5. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

asthma.
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Figure 3. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

diabetes. 
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Figure 4. Visualization of most prevalent comorbidities in individuals with SMI and comorbid  

hypertension.
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Figure 5. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

asthma. 
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Supplemental Material 

Supplemental Tables 

Supplemental Table 1. Meta-annotations performance results for Diagnosis and Status 

Supplemental Table 2. Prevalence estimates and sex differences within the whole SMI cohort 

and SSD and BD subgroups. 

Supplemental Table 3. Prevalence for each condition by age ranges at first SMI diagnosis for the 

whole SMI cohort and SSD and BD subgroups.  

Supplemental Tables 4a, 4b and 4c. Prevalence for each condition across ethnicities for the whole 

SMI cohort and SSD and BD subgroups.  

Supplemental Table 5. Social deprivation prevalence for each condition for the whole cohort and 

within SSD and BD. 

Supplemental Table 6. Sociodemographic features of cohort in HoNOS subsample analysis 

Supplemental Table 7. Associations between comorbidities and HoNOS scores in SSD. 

Supplemental Table 8. Associations between comorbidities and HoNOS scores in BD.  

Supplemental Figures 

Supplemental Figure 1. Distribution of all conditions in the SMI cohort by SMI group. 

Supplemental Figure 2. Prevalence rates for age at SMI diagnoses per condition and comparison 

between individuals with BD and SSD. 

Appendix 1. SNOMED Container and Concept Level Groupings for physical health conditions 

included in this study. 
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Supplemental Tables 

Supplemental Table 1. Meta-annotations performance results for Diagnosis and Status 

Meta-

Annotation 

Values F1 

(macro/weighted) 

P (macro/weighted) R (macro/weighted) 

Diagnosis Patient / Other 0.94 / 0.94 0.95 / 0.95 0.92 / 0.94 

Status Affirmed / Other 0.89 / 0.98 0.94 / 0.98 0.85 / 0.98 

 

  

Page 47 of 67

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Supplemental Table 2. Prevalence estimates and sex differences within the whole SMI cohort and 

SSD and BD subgroups. 

 Total Cohort SSD   BD  

 Female Male Female Male p-value Female Male p- value 

Diabetes 1282 

(15.8) 

1403 

(15) 

1021 

(18.8) 

1187 

(15.6) 

<.001 261 

(9.7) 

216 

(12.1) 

.190 

Hypertension *** 1325 

(16.3) 

1212 

(12.9) 

1060 

(19.6) 

1010 

(13.3) 

<.001 265 

(9.8) 

202 

(11.4) 

1.000 

Asthma ** 869 

(10.7) 

852 

(9.1) 

559 

(10.3) 

732 

(9.6) 

1.000 310 

(11.5) 

120 

(6.7) 

<.001 

Arthritis *** 657 

(8.1) 

297 

(3.2) 

471 

(8.7) 

231 

(3.0) 

<.001 186 

(6.9) 

66 

(3.7) 

<.001 

Epilepsy 349 

(4.3) 

450 

(4.8) 

253 

(4.7) 

399 

(5.3) 

1.000 96 

(3.6) 

51 

(2.9) 

1.000 

Cerebrovascular diseases 367 

(4.5) 

361 

(3.9) 

265 

(4.9) 

308 

(4.1) 

.499 102 

(3.8) 

53 

(3.0) 

1.000 

Eczema * 331 

(4.1) 

285 

(3.0) 

238 

(4.4) 

241 

(3.2) 

<.01 93 

(3.4) 

44 

(2.5) 

1.000 

Migraine *** 369 

(4.5) 

194 

(2.1) 

217 

(4.0) 

155 

(2.0) 

<.001 152 

(5.6) 

39 

(2.2) 

<.001 

Ischaemic heart disease 249 

(3.1) 

312 

(3.3) 

196 

(3.6) 

239 

(3.1) 

1.000 53 

(2.0) 

73 

(4.2) 

<.001 

Chronic Obstructive Lung diseases 237 

(2.9) 

239 

(2.5) 

153 

(2.8) 

189 

(2.5) 

1.000 84 

(3.1) 

50 

(2.8) 

1.000 

Chronic Kidney disease 158 

(1.9) 

121 

(1.3) 

104 

(1.9) 

75 

(1.0) 

<.001 54 

(2.0) 

46 

(2.6) 

1.000 

Parkinson disease 113 

(1.4) 

153 

(1.6) 

81 

(1.5) 

120 

(1.6) 

1.000 32 

(1.2) 

33 

(1.9) 

1.000 

Heart failure 123 

(1.5) 

99 

(1.0) 

105 

(1.9) 

82 

(1.1) 

.001 18 

(0.7) 

17 

(1.0) 

1.000 

Psoriasis  76  

(0.9) 

103 

(1.1) 

45 

(0.8) 

84 

(1.1) 

1.000 31 

(1.1) 

19 

(1.1) 

1.000 

Atrial fibrillation 65  

(0.8) 

68 

(0.7) 

50 

(0.9) 

50 

(0.7) 

1.000 15 

(0.6) 

18 

(1.0) 

1.000 

Transient Ischaemic Attack 79  

(1.0) 

51 

(0.5) 

53 

(1.0) 

38 

(0.5) 

.037 26 

(1.0) 

13 

(0.7) 

1.000 

Inflammatory Bowel diseases 26  

(0.3) 

14 

(0.1) 

18 

(0.3) 

7 

(0.1) 

.080 8 

(0.3) 

7 

(0.4) 

1.000 
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Multiple Sclerosis 17  

(0.2) 

15 

(0.2) 

9 

(0.2) 

10 

(0.1) 

- 8 

(0.3) 

5 

(0.3) 

- 

Chronic liver disease 10  

(0.1) 

12 

(0.1) 

9 11 

(0.1) 

- 1 

(0.0) 

1 

(0.1) 

- 

Chronic  Sinusitis 3  

(0.0) 

3 

(0.0) 

3 3 

(0.0) 

- 0 

(0.0) 

0 

(0.0) 

- 

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between male and female groups in the whole SMI 

cohort  
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Supplemental Table 3. Prevalence for each condition for the whole cohort and diagnoses 

subgroups and across age ranges at first SMI diagnosis. 
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 Total SSD BD 

 15-34 35-44 45-54 55-64 65+ 15-34 35-44 45-54 55-64 65+  15-34 35-44 45-54 55-64 65+  

Total 7497 3736 2783 1525 1959 5607 2792 2057 1067 1496  1890 944 726 458 463  

Diabetes*** 697  

(9.3) 

559  

(15.0) 

531  

(19.1) 

371  

(24.3) 

528  

(27.0) 

591  

(10.5) 

479  

(17.2) 

439  

(21.3) 

284  

(26.6) 

415  

(27.7) 

p < 

0.001 

106  

(5.6) 

80  

(8.5) 

92  

(12.7) 

87  

(19.0) 

113  

(24.4) 

p < 

0.001 

Hypertension*** 472  

(6.3) 

426  

(11.4) 

514  

(18.5) 

416  

(27.)3 

709  

(36.2) 

412  

(7.3) 

372  

(13.3) 

411  

(20.0) 

313  

(29.3) 

562  

(37.6) 

p < 

0.001 

60  

(3.2) 

54  

(5.7) 

103  

(14.2) 

103  

(22.5) 

147  

(31.7) 

p < 

0.001 

Asthma*** 820  

(10.9) 

347  

(9.3) 

297  

(10.7) 

126  

(8.3) 

132  

(6.7) 

635  

(11.3) 

248  

(8.9) 

218  

(10.6) 

89  

(8.3) 

101  

(6.8) 

p < 

0.001 

185  

(9.8) 

99  

(10.5) 

79  

(10.9) 

37  

(8.1) 

31  

(6.7) 

p = 

1.000 

Arthritis*** 125  

(1.7) 

154  

(4.1) 

229  

(8.2) 

167  

(11.0) 

279  

(14.2) 

93  

(1.7) 

120  

(4.3) 

159  

(7.7) 

118  

(11.1) 

212  

(14.2) 

p < 

0.001 

32  

(1.7) 

34  

(3.6) 

70  

(9.6) 

49  

(10.7) 

67  

(14.5) 

p < 

0.001 

Epilepsy 339  

(4.5) 

188  

(5.0) 

133  

(4.8) 

67  

(4.4) 

72  

(3.7) 

276  

(4.9) 

154  

(5.5) 

112  

(5.4) 

55  

(5.2) 

55  

(3.7) 

1.000 63  

(3.3) 

34  

(3.6) 

21  

(2.9) 

12  

(2.6) 

17  

(3.7) 

1.000 

CVA*** 166  

(2.2) 

112  

(3.0) 

122  

(4.4) 

114  

(7.5) 

214  

(10.9) 

143  

(2.6) 

87  

(3.1) 

95  

(4.6) 

84  

(7.9) 

164  

(11.0) 

p < 

0.001 

23  

(1.2) 

25  

(2.6) 

27  

(3.7) 

30  

(6.6) 

50  

(10.8) 

p < 

0.001 

Eczema 310  

(4.1) 

115  

(3.1) 

79  

(2.8) 

50  

(3.3) 

62  

(3.2) 

244  

(4.4) 

88  

(3.2) 

58  

(2.8) 

37  

(3.5) 

52  

(3.5) 

0.120 66  

(3.5) 

27  

(2.9) 

21  

(2.9) 

13  

(2.8) 

10  

(2.2) 

1.000 

Migraine*** 300  

(4.0) 

122  

(3.3) 

87  

(3.1) 

32  

(2.1) 

23  

(1.2) 

207  

(3.7) 

73  

(2.6) 

53  

(2.6) 

24  

(2.2) 

15  

(1.0) 

p < 

0.001 

93  

(4.9) 

49  

(5.2) 

34  

(4.7) 

8  

(1.7) 

8  

(1.7) 

0.011 

Isc heart 

disease*** 

111  

(1.5) 

73  

(2.0) 

105  

(3.8) 

95  

(6.2) 

177  

(9.0) 

96  

(1.7) 

60  

(2.1) 

80  

(3.9) 

65  

(6.1) 

134  

(9.0) 

p < 

0.001 

15  

(0.8) 

13  

(1.4) 

25  

(3.4) 

30  

(6.6) 

43  

(9.3) 

p < 

0.001 

COPD*** 39  

(0.5) 

58  

(1.6) 

119  

(4.3) 

115  

(7.5) 

145  

(7.4) 

29  

(0.5) 

40  

(1.4) 

87  

(4.2) 

82  

(7.7) 

104  

(7.0) 

p < 

0.001 

10  

(0.5) 

18  

(1.9) 

32  

(4.4) 

33  

(7.2) 

41  

(8.9) 

p < 

0.001 

CKD*** 12  

(0.2) 

18  

(0.5) 

41  

(1.5) 

55  

(3.6) 

153  

(7.8) 

9  

(0.2) 

14  

(0.5) 

28  

(1.4) 

33  

(3.1) 

95  

(6.4) 

p < 

0.001 

3  

(0.2) 

4  

(0.4) 

13  

(1.8) 

22  

(4.8) 

58  

(12.5) 

- 

PD*** 70  

(0.9) 

33  

(0.9) 

37  

(1.3) 

41  

(2.7) 

85  

(4.3) 

57  

(1.0) 

22  

(0.8) 

27  

(1.3) 

32  

(3.0) 

63  

(4.2) 

p < 

0.001 

13  

(0.7) 

11  

(1.2) 

10  

(1.4) 

9  

(2.0) 

22  

(4.8) 

p < 

0.001 

HF*** 18  

(0.2) 

30  

(0.8) 

42  

(1.5) 

40  

(2.6) 

92  

(4.7) 

17  

(0.3) 

30  

(1.1) 

38  

(1.8) 

29  

(2.7) 

73  

(4.9) 

p < 

0.001 

1  

(0.1) 

0  

(0.0) 

4  

(0.6) 

11  

(2.4) 

19  

(4.1) 

- 

Psoriasis 67  

(0.9) 

33  

(0.9) 

37  

(1.3) 

17  

(1.1) 

25  

(1.3) 

54  

(1.0) 

25  

(0.9) 

25  

(1.2) 

9  

(0.8) 

16  

(1.1) 

1.000 13  

(0.7) 

8  

(0.8) 

12  

(1.7) 

8  

(1.7) 

9  

(1.9) 

0.450 

Atrial 

fibrillation*** 

14  

(0.2) 

7  

(0.2) 

12  

(0.4) 

19  

(1.2) 

81  

(4.1) 

11  

(0.2) 

6  

(0.2) 

8  

(0.4) 

12  

(0.1) 

63  

(4.2) 

p < 

0.001 

3  

(0.20 

1  

(0.1) 

4  

(0.6) 

7  

(1.5) 

18  

(3.9) 

- 

TIA*** 20  

(0.3) 

18  

(0.5) 

19  

(0.7) 

23  

(1.5) 

50  

(2.6) 

15  

(0.3) 

15  

(0.5) 

13  

(0.6) 

14  

(1.3) 

34  

(2.3) 

p < 

0.001 

5  

(0.3) 

3  

(0.3) 

6  

(0.8) 

9  

(2.0) 

16  

(3.5) 

- 

IBD 9  

(0.1) 

8  

(0.2) 

12  

(0.4) 

6  

(0.4) 

5  

(0.3) 

4  

(0.1) 

6  

(0.2) 

7  

(0.3) 

3  

(0.3) 

5  

(0.3) 

- 5  

(0.3) 

2  

(0.2) 

5  

(0.7) 

3  

(0.7) 

0  

(0.0) 

- 

MS 6  

(0.1) 

8  

(0.2) 

11  

(0.4) 

5  

(0.3) 

2  

(0.1) 

4  

(0.1) 

4  

(0.1) 

8  

(0.4) 

3  

(0.3) 

0  

(0.0) 

- 2  

(0.1) 

4  

(0.4) 

3  

(0.4) 

2  

(0.4) 

2  

(0.4) 

- 
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Chronic liver 

disease 

5  

(0.1) 

7  

(0.2) 

6  

(0.2) 

3  

(0.2) 

1  

(0.1) 

5  

(0.1) 

7  

(0.3) 

5  

(0.2) 

2  

(0.2) 

1  

(0.1) 

- 0  

(0.0) 

0  

(0.0) 

1  

(0.1) 

1  

(0.2) 

0  

(0.0) 

- 

Chronic sinusitis 5  

(0.1) 

0  

(0.0) 

1  

(0.0) 

0  

(0.0) 

0  

(0.0) 

5  

(0.1) 

0  

(0.0) 

1  

(0.0) 

0  

(0.0) 

0  

(0.0) 

- 0  

(0.0) 

0  

(0.0) 

0  

(0.0) 

0  

(0.0) 

0  

(0.0) 

- 

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between age  groups within the  SMI cohort.
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Supplemental Tables 4. Prevalence for each condition for the whole cohort and diagnoses 

subgroups and across ethnicities 

Table 4a. Prevalence for each condition for the whole cohort and ethnicity. 
 

White 

British 

n=6243 

(35.7%) 

Irish 

n=346 

(2.0%) 

Black 

Caribbean 

n=3182 

(18.2%) 

Black 

African 

n=2094 

(12.0%) 

South 

Asian 

n=549 

(3.1%) 

Other§ 

n=2846 

(22.0%) 

Unknown§ 

n=1240 

(7.1%) 

Statistics 

Diabetes 837 (13.4) 55 (15.9) 757 (23.8) 382 (18.2) 125 (22.8) 461 (12.0) 69 (5.6) 𝝌2 (4) = 172.49; 

p <0.001 

Hypertension 804 (12.9) 63 (18.2) 678 (21.3) 430 (20.5) 102 (18.6) 400 (10.4) 60 (4.8) 𝝌2 (4) = 137.98; 

p <0.001 

Asthma 651 (10.4) 40 (11.6) 484 (15.2) 156 (7.4) 42 (7.7) 296 (7.7) 53 (4.3) 𝝌2 (4) = 92.58; p 

<0.001 

Arthritis 402 (6.4) 29 (8.4) 246 (7.7) 90 (4.3) 36 (6.6) 139 (3.6) 12 (1.0) 𝝌2 (4) = 26.80; p 

<0.001 

Epilepsy 339 (5.4) 26 (7.5) 164 (5.2) 77 (3.7) 17 (3.1) 147 (3.8) 29 (2.4) 𝝌2 (4) = 19.02; p 

= 0.010 

Cerebrovascular accident 274 (4.4) 20 (5.8) 184 (5.8) 92 (4.4) 25 (4.6) 116 (3.0) 17 (1.4) 𝝌2 (4) = 10.60; p 

= 0.408 

Eczema 222 (3.6) 7 (2.0) 185 (5.8) 61 (2.9) 17 (3.1) 108 (2.8) 16 (1.3) 𝝌2 (4) = 41.93; p 

<0.001 

Migraine 235 (3.8) 12 (3.5) 129 (4.1) 61 (2.9) 17 (3.1) 98 (2.5) 12 (1.0) 𝝌2 (4) = 5.44; p 

>.99 

Ischemic heart disease 261 (4.2) 13 (3.8) 108 (3.4) 48 (2.3) 19 (3.5) 99 (2.6) 13 (1.0) 𝝌2 (4) = 16.74; p 

= 0.028 

COPD 271 (4.3) 32 (9.2) 63 (2.0) 21 (1.0) 14 (2.6) 60 (1.6) 15 (1.2) 𝝌2 (4) = 114.69; 

p <0.001 

CKD 125 (2.0) 9 (2.6) 56 (1.8) 32 (1.5) 13 (2.4) 37 (1.0) 7 (0.6) 𝝌2 (4) = 3.81; p 

>.99 

Parkinson’s disease 117 (1.9) 6 (1.7) 56 (1.8) 25 (1.2) 11 (2.0) 45 (1.2) 6 (0.5) 𝝌2 (4) = 4.56; p 

>.99 

Heart failure 88 (1.4) 8 (2.3) 55 (1.7) 29 (1.4) 8 (1.5) 31 (0.8) 3 (0.2) 𝝌2 (4) = 3.16; p 

>.99 

Psoriasis 103 (1.6) 4 (1.2) 12 (0.4) 6 (0.3) 5 (0.9) 44 (1.1) 5 (0.4) * 

Atrial fibrillation 69 (1.1) 9 (2.6) 23 (0.7) 11 (0.5) 2 (0.4) 15 (0.4) 4 (0.3) * 
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TIA 58 (0.9) 7 (2.0) 24 (0.8) 15 (0.7) 7 (1.3) 13 (0.3) 6 (0.5) * 

IBD 24 (0.4) 1 (0.3) 2 (0.1) 2 (0.1) 1 (0.2) 9 (0.2) 1 (0.1) * 

Multiple sclerosis 21 (0.3) 1 (0.3) 3 (0.1) 1 (0.0) 0 (0.0) 4 (0.1) 2 (0.2) * 

Chronic liver disease 9 (0.1) 1 (0.3) 1 (0.0) 6 (0.3) 0 (0.0) 5 (0.1) 0 (0.0) * 

Chronic sinusitis 1 (0.0) 0 (0.0) 3 (0.1) 1 (0.0) 0 (0.0) 1 (0.0) 0 (0.0) * 

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes 

 

Table 4b. Prevalence for each condition across ethnicities in SSD.  
White 

British 

n=4008 

(30.8%) 

Irish 

n=240 

(1.8%) 

Black 

Caribbean 

n=2799 

(21.5%) 

Black 

African 

n=1886 

(14.5%) 

South 

Asian 

n=421 

(3.2%) 

Other§ 

n=2822 

(21.7%) 

Unknown§ 

n=843 

(6.5%) 

Statistics 

Diabetes 602 (15.0) 37 (15.4) 682 (24.4) 351 (18.6) 87 (20.7) 390 (13.8) 59 (7.0) 𝝌2 (4) =  

97.10; p <0.001 

Hypertension 573 (14.3) 47 (19.6) 606 (21.7) 396 (21.0) 77 (18.3) 322 (11.4) 49 (5.8) 𝝌2 (4) =  

73.74; p <0.001 

Asthma 443 (11.1) 23 (9.6) 408 (14.6) 134 (7.1) 26 (6.2) 217 (7.7) 40 (4.7) 𝝌2 (4) =  

75.96; p <0.001 

Arthritis 252 (6.3) 17 (7.1) 206 (7.4)  86 (4.6) 29 (6.9) 103 (3.6) 9 (1.1) 𝝌2 (4) =  

15.48; p = 0.038 

Epilepsy 261 (6.5) 23 (9.6) 141 (5.0)  70 (3.7) 14 (3.3) 117 (4.1) 26 (3.1) 𝝌2 (4) =  

32.45; p <0.001 

Cerebrovascular 

accident 

188 (4.7) 15 (6.2) 159 (5.7)  82 (4.3) 18 (4.3)  96 (3.4) 15 (1.8) 𝝌2 (4) =  

6.48; p >0.99 

Eczema 145 (3.6)  4 (1.7) 159 (5.7)  54 (2.9) 12 (2.9)  93 (3.3) 12 (1.4) 𝝌2 (4) =  

33.32; p <0.001 

Migraine 126 (3.1) 10 (4.2) 110 (3.9)  48 (2.5) 12 (2.9)  59 (2.1) 7 (0.8) 𝝌2 (4) =  

8.03; p = 0.904 

Ischemic heart disease 187 (4.7)  9 (3.8)  98 (3.5)  46 (2.4) 13 (3.1)  74 (2.6) 8 (0.9) 𝝌2 (4) =  

19.15; p = 0.007 

COPD 190 (4.7) 18 (7.5)  51 (1.8)  16 (0.8)  9 (2.1)  44 (1.6) 14 (1.7) 𝝌2 (4) =  

101.62; p <0.001 

CKD  64 (1.6)  5 (2.1)  45 (1.6)  26 (1.4) 10 (2.4)  24 (0.9) 5 (0.6) * 

Parkinson’s disease  79 (2.0)  4 (1.7)  49 (1.8)  21 (1.1)  6 (1.4)  36 (1.3) 6 (0.7) * 
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Heart failure  65 (1.6)  8 (3.3)  50 (1.8)  28 (1.5)  7 (1.7)  26 (0.9) 3 (0.4) * 

Psoriasis  66 (1.6)  2 (0.8)   9 (0.3)   6 (0.3)  4 (1.0)  37 (1.3) 5 (0.6) * 

Atrial fibrillation  46 (1.1)  7 (2.9)  22 (0.8)  11 (0.6)  1 (0.2)  10 (0.4) 3 (0.4) * 

TIA  34 (0.8)  5 (2.1)  21 (0.8)  13 (0.7)  6 (1.4)   8 (0.3) 4 (0.5) * 

IBD  12 (0.3)  1 (0.4)   2 (0.1)   2 (0.1)  1 (0.2)   6 (0.2) 1 (0.1) * 

Multiple sclerosis  12 (0.3)  1 (0.4)   3 (0.1)   0 (0.0)  0 (0.0)   2 (0.1) 1 (0.1) * 

Chronic liver disease   7 (0.2)  1 (0.4)   1 (0.0)   6 (0.3)  0 (0.0)   5 (0.2) 0 (0.0) * 

Chronic sinusitis   1 (0.0)  0 (0.0)   3 (0.1)   1 (0.1)  0 (0.0)   1 (0.0) 0 (0.0) * 

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes 

 

Table 4c. Prevalence for each condition across ethnicities in BD.  
White 

British 

n=2235 

(49.9%) 

Irish 

n=106 

(2.4%) 

Black 

Caribbean 

n=383 

(8.5%) 

Black 

African 

n=208 

(4.6%) 

South 

Asian 

n=128 

(2.9%) 

Other§ 

n=1024 

(22.9%) 

Unknown§ 

n=397 

(8.9%) 

Statistics 

Diabetes 235 (10.5) 18 (17.0) 75 (19.6) 31 (14.9) 38 (29.7) 71 (6.9) 10 (2.5) 𝝌2 (4) =  

60.65; p <0.001 

Hypertension 231 (10.3) 16 (15.1) 72 (18.8) 34 (16.3) 25 (19.5) 78 (7.6) 11 (2.8) 𝝌2 (4) =  

32.99; p <0.001 

Asthma 208 (9.3) 17 (16.0) 76 (19.8) 22 (10.6) 16 (12.5) 79 (7.7) 13 (3.3) 𝝌2 (4) =  

39.95; p <0.001 

Arthritis 150 (6.7) 12 (11.3) 40 (10.4)  4 (1.9)  7 (5.5) 36 (3.5) 3 (0.8) 𝝌2 (4) =  

19.09; p = 0.004 

Epilepsy  78 (3.5)  3 (2.8) 23 (6.0)  7 (3.4)  3 (2.3) 30 (2.9) 3 (0.8) * 

Cerebrovascular accident  86 (3.8)  5 (4.7) 25 (6.5) 10 (4.8)  7 (5.5) 20 (2.0) 2 (0.5) * 

Eczema  77 (3.4)  3 (2.8) 26 (6.8)  7 (3.4)  5 (3.9) 15 (1.5) 4 (1.0) * 

Migraine 109 (4.9)  2 (1.9) 19 (5.0) 13 (6.2)  5 (3.9) 39 (3.8) 5 (1.3) 𝝌2 (4) =  

3.17; p >0.99 

Ischemic heart disease  74 (3.3)  4 (3.8) 10 (2.6)  2 (1.0)  6 (4.7) 25 (2.4) 5 (1.3) * 
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COPD  81 (3.6) 14 (13.2) 12 (3.1)  5 (2.4)  5 (3.9) 16 (1.6) 1 (0.3) * 

CKD  61 (2.7)  4 (3.8) 11 (2.9)  6 (2.9)  3 (2.3) 13 (1.3) 2 (0.5) * 

Parkinson’s disease  38 (1.7)  2 (1.9)  7 (1.8)  4 (1.9)  5 (3.9)  9 (0.9) 0 (0.0) * 

Heart failure  23 (1.0)  0 (0.0)  5 (1.3)  1 (0.5)  1 (0.8)  5 (0.5) 0 (0.0) * 

Psoriasis  37 (1.7)  2 (1.9)  3 (0.8)  0 (0.0)  1 (0.8)  7 (0.7) 0 (0.0) * 

Atrial fibrillation  23 (1.0)  2 (1.9)  1 (0.3)  0 (0.0)  1 (0.8)  5 (0.5) 1 (0.3) * 

TIA  24 (1.1)  2 (1.9)  3 (0.8)  2 (1.0)  1 (0.8)  5 (0.5) 2 (0.5) * 

IBD  12 (0.5)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  3 (0.3) 0 (0.0) * 

Multiple sclerosis   9 (0.4)  0 (0.0)  0 (0.0)  1 (0.5)  0 (0.0)  2 (0.2) 1 (0.3) * 

Chronic liver disease   2 (0.1)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0) 0 (0.0) * 

Chronic sinusitis   0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0) 0 (0.0) * 

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes 
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Supplemental Table 5. Social deprivation prevalence for each condition for the whole cohort and within SSD and BD. 
   Total 

cohort 

     SSD      AD    

 
1 - 

least 

depriv

ed 

n (%) 

2 

n (%) 

3 

n (%) 

4 

n (%) 

5 - 

most 

depriv

ed 

n (%) 

Not 

stated§ 

n (%) 

1 - 

least 

depriv

ed 

n (%) 

2 

n (%) 

3 

n (%) 

4 

n (%) 

5 - 

most 

depriv

ed 

n (%) 

Not 

stated§ 

n (%) 

Chi 

square 

1 - 

least 

depriv

ed 

n (%) 

2 

n (%) 

3         

n (%) 

4 

n (%) 

5 - 

most 

depriv

ed 

n (%) 

Not 

stated§ 

n (%) 

Chi square 

Total 742 

(100) 

1384 

(100) 

3575 

(100) 

7073 

(100) 

4033 

(100) 

693 

(100) 

412 

(100) 

887 

(100) 

2503 

(100) 

5476 

(100) 

3204 

(100) 

537 

(100) 

 330 

(100) 

497 

(100) 

1072 

(100) 

1597 

(100) 

829 

(100) 

156 

(100) 

 

Diabetes *** 62 
(8.4) 

169 
(12.2) 

528 
(14.8) 

1201 
(17.0) 

698 
(17.3) 

28 
(4.0) 

49 
(11.9) 

117 
(13.2) 

409 
(16.3) 

1019 
(18.6) 

594 
(18.5) 

20 
(3.7) 

X2(4) = 
29.7; 

p<0.00

1 

13 
(3.9) 

52 
(10.5) 

119 
(11.1) 

182 
(11.4) 

104 
(12.5) 

8 
(5.1) 

X2(4) = 19.4; 
p=0.007 

Hypertension 

*** 

77 

(10.4) 

154 

(11.1) 

468 

(13.1) 

1189 

(16.8) 

627 

(15.5) 

22 

(3.2) 

51 

(12.4) 

108 

(12.2) 

368 

(14.7) 

1008 

(18.4) 

517 

(16.1) 

18 

(3.4) 

X2(4) = 

37.8; 
p<0.00

1 

26 

(7.9) 

46 

(9.3) 

100 

(9.3) 

181 

(11.3) 

110 

(13.3) 

4 

(2.6) 

X2(4) = 12.3; 

p=0.17 

Asthma *** 42 
(5.7) 

95 
(6.9) 

361 
(10.1) 

758 
(10.7) 

432 
(10.7) 

34 
(4.9) 

27 
(6.6) 

61 
(6.9) 

251 
(10.0) 

589 
(10.8) 

337 
(10.5) 

26 
(4.8) 

X2(4) = 
19.0; 

p=0.01 

15 
(4.5) 

34 
(6.8) 

110 
(10.3) 

169 
(10.6) 

95 
(11.5) 

8 
(5.1) 

X2(4) = 19.2; 
p=0.008 

Arthritis 36 

(4.9) 

56 

(4.0) 

188 

(5.3) 

411 

(5.8) 

256 

(6.3) 

7 

(1.0) 

18 

(4.4) 

36 

(4.1) 

135 

(5.4) 

312 

(5.7) 

197 

(6.1) 

4 

(0.7) 

X2(4) = 

7.30; 

p>0.99 

18 

(5.5) 

20 

(4.0) 

53 

(4.9) 

99 

(6.2) 

59 

(7.1) 

3 

(1.9) 

X2(4) = 7.51; 

p>0.99 

Epilepsy 32 
(4.3) 

50 
(3.6) 

160 
(4.5) 

344 
(4.9) 

202 
(5.0) 

11 
(1.2) 

24 
(5.8) 

40 
(4.5) 

123 
(4.9) 

292 
(5.3) 

164 
(5.1) 

9 
(1.7) 

X2(4) = 
1.79; 

p>0.99 

8 
(2.4) 

10 
(2.0) 

37 
(3.5) 

52 
(3.3) 

38 
(4.6) 

2 
(1.3) 

X2(4) = 7.59; 
p>0.99 

CVA 19 

(2.6) 

52 

(3.8) 

146 

(4.1) 

328 

(4.6) 

180 

(4.5) 

3 

(0.4) 

12 

(2.9) 

33 

(3.7) 

107 

(4.3) 

272 

(5.0) 

146 

(4.6) 

3 

(0.6) 

X2(4) = 

6.55; 

p>0.99 

7 

(2.1) 

19 

(3.8) 

39 

(3.6) 

56 

(3.5) 

34 

(4.1) 

0 X2(4) = 2.80; 

p>0.99 

Eczema 

 

22 
(3.0) 

45 
(3.3) 

120 
(3.4) 

273 
(3.9) 

147 
(3.6) 

9 
(1.3) 

17 
(4.1) 

34 
(3.8) 

86 
(3.4) 

212 
(3.9) 

123 
(3.8) 

7 
(1.3) 

X2(4) = 
1.11; 

p>0.99 

5 
(1.5) 

11 
(2.2) 

34 
(3.2) 

61 
(3.8) 

24 
(2.9) 

2 
(1.3) 

X2(4) = 
6.90; 

p>0.99 

Migraine 17 

(2.3) 

39 

(2.8) 

121 

(3.4) 

243 

(3.4) 

140 

(3.5) 

4 

(0.6) 

11 

(2.7) 

20 

(2.3) 

63 

(2.5) 

176 

(3.2) 

99 

(3.1) 

3 

(0.6) 

X2(4) = 

4.79; 

p>0.99 

6 

(1.8) 

19 

(3.8) 

58 

(5.4) 

67 

(4.2) 

41 

(4.9) 

1 

(0.6) 

X2(4) = 8.94; 

p=0.69 

Ischaemic 

heart disease 

20 
(2.7) 

48 
(3.5) 

103 
(2.9) 

240 
(3.4) 

143 
(3.5) 

7 
(1.0) 

9 
(2.2) 

33 
(3.7) 

74 
(3.0) 

194 
(3.5) 

120 
(3.7) 

5 
(0.9) 

X2(4) = 
4.99; 

p>0.99 

11 
(3.3) 

15 
(3.0) 

29 
(2.7) 

46 
(2.9) 

23 
(2.8) 

2 
(1.3) 

X2(4) = 0.43; 
p>0.99 

COPD ** 6 

(0.8) 

35 

(2.5) 

83 

(2.3) 

208 

(2.9) 

139 

(3.4) 

5 

(0.7) 

3 

(0.7) 

22 

(2.5) 

59 

(2.4) 

159 

(2.9) 

95 

(3.0) 

4 

(0.7) 

X2(4) = 

9.07; 

p=0.77 

3 

(0.9) 

13 

(2.6) 

24 

(2.2) 

49 

(3.1) 

44 

(5.3) 

1 

(0.6) 

X2(4) = 

21.9; 

p=0.002 
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CKD 8 
(1.1) 

22 
(1.6) 

46 
(1.3) 

128 
(1.8) 

74 
(1.8) 

1 
(0.1) 

4 
(1.0) 

9 
(1.0) 

28 
(1.1) 

81 
(1.5) 

56 
(1.7) 

1 
(0.2) 

X2(4) = 
5.83; 

p>0.99 

4 
(1.2) 

13 
(2.6) 

18 
(1.7) 

47 
(2.9) 

18 
(2.2) 

0 X2(4) = 6.76; 
p>0.99 

PD 9 

(1.2) 

22 

(1.6) 

51 

(1.4) 

121 

(1.7) 

60 

(1.5) 

3 

(0.4) 

5 

(1.2) 

16 

(1.8) 

33 

(1.3) 

97 

(1.8) 

48 

(1.5) 

2 

(0.4) 

X2(4) = 

3.13; 

p>0.99 

4 

(1.2) 

6 

(1.2) 

18 

(1.7) 

24 

(1.5) 

12 

(1.4) 

1 

(0.6) 

--- 

Heart failure 10 
(1.3) 

12 
(0.9) 

47 
(1.3) 

92 
(1.3) 

58 
(1.4) 

3 
(0.4) 

7 
(1.7) 

10 
(1.1) 

39 
(1.6) 

78 
(1.4) 

52 
(1.6) 

1 
(0.2) 

X2(4) = 
1.54; 

p=0.82 

3 
(0.9) 

2 
(0.4) 

8 
(0.7) 

14 
(0.9) 

6 
(0.7) 

2 
(1.3) 

--- 

Psoriasis 11 

(1.5) 

12 

(0.9) 

33 

(0.9) 

71 

(1.0) 

48 

(1.2) 

4 

(0.6) 

4 

(1.0) 

6 

(0.7) 

24 

(1.0) 

54 

(1.0) 

37 

(1.2) 

4 

(0.7) 

--- 7 

(2.1) 

6 

(1.2) 

9 

(0.8) 

17 

(1.1) 

11 

(1.3) 

0 --- 

Atrial 

fibrillation 

10 
(1.3) 

11 
(0.8) 

27 
(0.8) 

53 
(0.7) 

29 
(0.7) 

3 
(0.4) 

6 
(1.5) 

7 
(0.8) 

21 
(0.8) 

42 
(0.8) 

23 
(0.7) 

1 
(0.2) 

--- 4 
(1.2) 

4 
(0.8) 

6 
(0.6) 

11 
(0.7) 

6 
(0.7) 

2 
(1.3) 

--- 

TIA 3 

(0.3) 

17 

(1.0) 

27 

(0.6) 

55 

(0.6) 

28 

(0.5) 

0 1 

(0.2) 

9 

(1.0) 

16 

(0.6) 

43 

(0.8) 

22 

(0.7) 

0 --- 2 

(0.6) 

8 

(1.6) 

11 

(1.0) 

12 

(0.8) 

6 

(0.7) 

0 --- 

IBD 1 
(0.1) 

4 
(0.3) 

10 
(0.3) 

12 
(0.2) 

13 
(0.3) 

0 0 1 
(0.1) 

7 
(0.3) 

7 
(0.1) 

10 
(0.3) 

0 --- 1 
(0.3) 

3 
(0.6) 

3 
(0.3) 

5 
(0.3) 

3 
(0.4) 

0 --- 

MS 4 

(0.5) 

2 

(0.1) 

7 

(0.2) 

14 

(0.2) 

4 

(0.1) 

1 

(0.1) 

2 

(0.5) 

2 

(0.2) 

2 

(0.1) 

9 

(0.2) 

3 

(0.1) 

1 

(0.2) 

--- 2 

(0.6) 

0 5 

(0.5) 

5 

(0.3) 

1 

(0.1) 

0 --- 

Chronic liver 

disease 

0  1 
(0.1) 

8 
(0.2) 

8 
(0.1) 

5 
(0.1) 

0 0 0 8 
(0.3) 

8 
(0.1) 

4 
(0.1) 

0 --- 0 1 
(0.2) 

0 0 1 
(0.1) 

0 --- 

Chronic 

sinusitis 

0 

 

0 

 

1 

(0.0) 

2 

(0.0) 

3 

(0.1) 

0 0 0 1 

(0.0) 

2 

(0.0) 

3 

(0.1) 

0 --- 0 0 0 0 0 0 --- 

*, p<0.05; **, p≤0.01; ***, p≤0.001; CVA, cerebrovascular accident; COPD, chronic obstructive lung disease; CKD, chronic kidney disease; PD, Parkinson’s disease; TIA, transient 

ischemic attack; IBD, inflammatory bowel disease; MS, multiple sclerosis 
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Supplemental Table 6. Sociodemographic features of cohort in HoNOS subsample analysis 

 
 

Total 

n (%) 

SSD 

n (%) 

BD 

n (%) 

Totals n (%) 13650 (100.0) 10384 (76.1) 3266 (23.9) 

Sex***    

 Female 6537 (47.9) 4526 (69.2) 2011  (30.8) 

 Male 7112 (52.1) 5858 (82.4) 1254  (17.6) 

Age at first SMI diagnosis***    

 15 – 34 5821 (42.6) 4420 (42.6) 1401 (42.9( 

 35 – 44 3430 (25.1) 2183 (75.3) 716 (24.7) 

 45 – 54 2082 (15.3) 1594 (76.6) 488 (23.4) 

 55 – 64 1089 (8.0) 811 (74.5) 278 (25.5) 

 65+ 1759 (12.9) 1376 (13.3) 383 (11.7) 

Ethnicity***    

 White British 4571 (33.5) 2961 (64.8) 1610 (35.2) 

 Black Caribbean 2849 (20.9) 2515 (88.3) 334 (11.7) 

 Black African 1852 (13.6) 1679 (90.7) 173  (9.3) 

 South Asian 436 (3.2) 338 (77.5) 98 (22.5) 

 Irish 286 (2.1) 197 (68.9) 89 (31.1) 

 Other§ 3127 (22.9) 2327 (74.4) 800 (25.6) 

 Not stated§ 529 (3.9) 367 (3.5) 162 (5.0) 

Index of multiple deprivation***    

 1 (least deprivation) 380 (2.8) 237 (62.4) 143 (37.6) 

 2 883 (6.5) 581 (65.8) 302 (34.2) 

 3 2786 (20.4) 1994 (71.6) 792 (28.4) 

 4 5947 (43.6) 4654 (78.3) 1293 (21.7) 

 5 (most deprivation) 3308 (24.2) 2650 (80.1) 658 (19.9) 

 Unknown§ 346 (2.5) 268 (77.5) 78 (22.5) 

Physical conditions***    

 No mentions 7232 (53.0) 5320 (73.6) 1912 (26.4) 

 One  3295 (24.1) 2596 (78.8) 699 (21.2) 

 Two  1669 (12.2) 1340 (80.3) 329 (19.7) 

 Three or more 1454 (10.7) 1128 (77.6) 326 (22.4) 

Note.. ***  p < .001 for comparisons between BD and SSD groups. §Not included in analyses. 
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Supplemental Table 7. Associations between comorbidities and HoNOS scores in SSD. 

Comorbidity HoNOS Score Unadjusted M1 M2a 

 Mean (SD) B (95% CI) B (95% CI) B (95% CI) 

Whole cohort 10.75 (6.10)    

     

Diabetes 11.04 (6.10) 0.360  

(0.067 – 0.654)** 

0.224  

(-0.073 – 0.522) 

0.300  

(-0.002 – 0.602) 

Ref: No diabetes 10.68 (6.10)    

     

Hypertension 11.17 (6.05) 0.519  

(0.220 – 0.818)*** 

0.264  

(-0.048 – 0.575) 

0.324  

(0.006 – 0.641)* 

Ref: No hypertension 10.65 (6.11)    

     

Asthma 11.19 (6.11) 0.492  

(0.126 – 0.859)** 

0.551  

(0.185 – 0.918)** 

0.530  

(0.158 – 0.903)** 

Ref: No asthma 10.70 (6.10)    

     

Arthritis 12.08 (6.21) 1.422  

(0.948– 1.895)*** 

1.259  

(0.775 – 1.742)*** 

1.274  

(0.788 – 1.759)*** 

Ref: No arthritis 10.66 (6.08)    

     

Epilepsy 11.53 (6.24) 0.827  

(0.316 – 1.337)*** 

0.850  

(0.341 – 1.358)*** 

0.856  

(0.341 – 1.370)*** 

Ref: No epilepsy 10.71 (6.09)    

     

CVA 11.87 (6.23) 1.178  

(0.651 – 1.705)*** 

0.913  

(0.383 – 1.443)*** 

0.921  

(0.388 – 1.454)** 

Ref: No CVA 10.69 (6.09)    

     

Eczema 11.48 (6.25) 0.763  

(0.188 – 1.338)** 

0.846  

(0.273 – 1.420)** 

0.754  

(0.172 – 1.336)* 

Ref: No eczema 10.72 (6.09)    

Migraine 10.71 (5.87) -0.041  

(-0.683 – 0.602) 

0.196  

(-0.447 – 0.839) 

0.192  

(-0.458 – 0.842) 

Ref: No migraine 10.75 (6.11)    

     

Ischaemic heart disease 11.59 (5.91) 0.874  

(0.274 – 1.474)** 

0.520  

(-0.083 – 1.124) 

0.477  

(-0.132 – 1.085) 

Ref: No ischaemic heart disease 10.72 (6.11)    

     

COPD 12.15 (5.70) 1.444  

(0.760– 2.128)*** 

1.045  

(0.354 – 1.736)** 

1.043  

(0.343 – 1.742)** 

Ref: No COPD 10.71 (6.11)    

     

Number of comorbidities  0.387  

(0.294 – 0.481)*** 

0.328  

(0.231 – 0.425)*** 

0.342  

(0.243 – 0.441) *** 

     

1 or more comorbidities 

 

11.13 (6.11) 0.745  

(0.511 –0.980)*** 

0.607  

(0.367 – 0.847)*** 

0.657  

(0.410 – 0.903)*** 

Ref: No comorbidities 10.39 (6.07)    

     

2 or more comorbidities 11.45 (6.16) 0.921  

(0.646 – 1.196)*** 

0.747  

(0.464 – 1.030)*** 

0.771  

(0.484 – 1.059)*** 

Ref: Less than 1 comorbidities 10.53 (6.07)    
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Supplemental Table8. Associations between comorbidities and HoNOS scores in BD.  

Comorbidity HoNOS Score Unadjusted M1 M2a 

 Mean (SD) B (95% CI) B (95% CI) B (95% CI) 

Whole cohort 9.28 (5.77)    

     

Diabetes 10.941 (5.97) 1.304 

(0.720 – 1.887)*** 

0.968 

(0.370 – 1.565)** 

0.961 

(0.355 – 1.568)** 

Ref: No diabetes 9.11 (5.72)    

     

Hypertension 10.13 (5.82) 0.972 

(0.384 – 1.561)** 

0.446 

(-0.182 – 1.074) 

0.277 

(-0.359 – 0.912) 

Ref: No hypertension 9.15 (5.76)    

     

Asthma 10.61 (6.27) 1.512 

(0.900 – 2.124)*** 

1.597 

(0.985 – 2.210)*** 

1.503 

(0.887 – 2.120)*** 

Ref: No asthma 9.10 (5.68)    

     

Arthritis 11.81 (6.13) 2.725 

(1.960 – 3.490)*** 

2.487 

(1.702 – 3.273)*** 

2.396 

(1.606 – 3.186)*** 

Ref: No arthritis 9.09 (5.70)    

     

Epilepsy 10.77 (5.96) 1.552 

(0.513 – 2.591)** 

1.587 

(0.551 – 2.624)** 

1.496 

(0.466 – 2.527)** 

Ref: No epilepsy 9.22 (5.76)    

     

CVA 11.60 (6.16) 2.425 

(1.464 – 3.386)*** 

2.098 

(1.124 – 3.071)*** 

2.030 

(1.064 – 2.996)*** 

Ref: No CVA 9.17 (5.73)    

     

Eczema 9.83 (5.82) 0.578 

(-0.446 – 1.603) 

0.622 

(-0.400 – 1.644) 

0.427 

(-0.603 – 1.458) 

Ref: No eczema 9.26 (5.77)    

Migraine 9.55 (5.34) 0.284 

(-0.586– 1.154) 

0.523 

(-0.350– 1.397) 

0.527 

(-0.346 – 1.400) 

Ref: No migraine 9.26 (5.80)    

     

Ischaemic heart disease 11.84 (5.95) 2.649 

(1.560 – 3.738)*** 

2.093 

(0.987 – 3.200)*** 

2.204 

(1.098 – 3.309)** 

Ref: No ischaemic heart disease 9.19 (5.75)    

     

COPD 11.89 (5.99) 2.711 

(1.679 – 3.743)*** 

2.298 

(1.248 – 3.348)*** 

2.128 

(1.077 – 3.179)*** 

Ref: No COPD 9.18 (5.74)    

     

Number of comorbidities  0.723 

(0.566 – 0.879)*** 

0.661 

(0.494 – 0.828)*** 

0.642 

(0.473 – 0.811) *** 

     

1 or more comorbidities 

 

10.30 (5.91) 1.740 

(1.343 –2.138)*** 

1.559 

(1.143 – 1.974)*** 

1.457 

(1.031 – 1.883)*** 

Ref: No comorbidities 8.56 (5.57)    

     

2 or more comorbidities 10.89 (5.99) 2.013 

(1.524 – 2.503)*** 

1.797 

(1.280 – 2.314)*** 

1.789 

(1.267 – 2.311)*** 

Ref: Less than 1 comorbidities 8.88 (5.64)    

Page 62 of 67

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Supplemental Figure 1. Distribution of all conditions in the SMI cohort by SMI diagnoses 

 
 

SMI (total) 

SMI (SSD) 
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Supplemental Figure 2. Prevalence rates for age at SMI diagnoses per condition and comparison 

between individuals with BD and SSD. 
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Appendix 1. SNOMED Container and Concept Level Groupings for physical health 

conditions included in this study. 

 

Container Concept Concepts 

S-73211009 - Diabetes mellitus 

(disorder)  

S-44054006 - Diabetes mellitus type 2 (disorder) 

S-46635009 - Diabetes mellitus type 1 (disorder) 

S-422088007 - Disorder of nervous system co-

occurrent and due to diabetes mellitus (disorder) 

S-25093002 - Disorder of eye co-occurrent and due to 

diabetes mellitus (disorder) 

S-73211009 - Diabetes mellitus (disorder) 

S-84114007 - Heart failure (disorder) S-128404006 - Right heart failure (disorder) 

S-48447003 - Chronic heart failure (disorder) 

S-56675007 - Acute heart failure (disorder) 

S-85232009 - Left heart failure (disorder) 

S-42343007 - Congestive heart failure (disorder) 

S-84114007 - Heart failure (disorder) 

S-414545008 - Ischemic heart disease 

(disorder)  

S-413439005 - Acute ischemic heart disease 

(disorder) 

S-413838009 - Chronic ischemic heart disease 

(disorder) 

S-194828000 - Angina (disorder) 

S-22298006 - Myocardial infarction (disorder) 

S-414545008 - Ischemic heart disease (disorder) 

S-38341003 - Hypertensive disorder, 

systemic arterial (disorder)  

S-31992008 - Secondary hypertension (disorder) 

S-48146000 - Diastolic hypertension (disorder) 

S-56218007 - Systolic hypertension (disorder) 

S-59621000 - Essential hypertension (disorder) 

S-38341003 - Hypertensive disorder, systemic arterial 

(disorder) 

S-13645005 - Chronic obstructive 

lung disease (disorder)  

S-195951007 - Acute exacerbation of chronic 

obstructive airways disease (disorder) 

S-87433001 - Pulmonary emphysema (disorder) 

S-13645005 - Chronic obstructive lung disease 

(disorder) 

S-195967001 - Asthma (disorder) S-195967001 - Asthma (disorder) 

S-709044004 - Chronic kidney 

disease (disorder)  

S-723190009 - Chronic renal insufficiency (disorder) 

S-709044004 - Chronic kidney disease (disorder) 
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S-230690007 - Cerebrovascular 

accident (disorder)  

S-25133001 - Completed stroke (disorder) 

S-371040005 - Thrombotic stroke (disorder) 

S-371041009 - Embolic stroke (disorder) 

S-413102000 - Infarction of basal ganglia (disorder) 

S-422504002 - Ischemic stroke (disorder) 

S-723082006 - Silent cerebral infarct (disorder) 

S-1078001000000105 - Haemorrhagic stroke 

(disorder) 

S-230690007 - Cerebrovascular accident (disorder) 

S-266257000 - Transient ischemic 

attack (disorder) 

S-266257000 - Transient ischemic attack (disorder) 

S-49049000 - Parkinson's disease 

(disorder) 

S-49049000 - Parkinson's disease (disorder) 

S-24700007 - Multiple sclerosis 

(disorder) 

S-24700007 - Multiple sclerosis (disorder) 

S-84757009 - Epilepsy (disorder)  S-352818000 - Tonic-clonic epilepsy (disorder) 

S-19598007 - Generalized epilepsy (disorder) 

S-230456007 - Status epilepticus (disorder) 

S-509341000000107 - Petit-mal epilepsy (disorder) 

S-84757009 - Epilepsy (disorder) 

S-37796009 - Migraine (disorder) S-37796009 - Migraine (disorder) 

S-4473006 - Migraine with aura (disorder) 

S-56097005 - Migraine without aura (disorder) 

S-53741008 - Coronary 

arteriosclerosis (disorder) 

S-810681000000101 - Coronary microvascular 

disease (disorder) 

S-53741008 - Coronary arteriosclerosis (disorder) 

S-49436004 - Atrial fibrillation 

(disorder) 

S-49436004 - Atrial fibrillation (disorder) 

S-40055000 - Chronic sinusitis 

(disorder) 

S-40055000 - Chronic sinusitis (disorder) 

S-24526004 - Inflammatory bowel 

disease (disorder) 

S-24526004 - Inflammatory bowel disease (disorder) 

S-397173003 - Crohn's disease of intestine (disorder) 

S-64766004 - Ulcerative colitis (disorder) 

S-328383001 - Chronic liver disease 

(disorder) 

S-328383001 - Chronic liver disease (disorder) 

S-76783007 - Chronic hepatitis (disorder) 

S-79720007 - Chronic nonalcoholic liver disease 

(disorder) 
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S-713181003 - Chronic alcoholic liver disease 

(disorder) 

S-9014002 - Psoriasis (disorder) S-9014002 - Psoriasis (disorder) 

S-43116000 - Eczema (disorder) S-43116000 - Eczema (disorder) 

S-3723001 - Arthritis (disorder) S-69896004 - Rheumatoid arthritis (disorder) 

S-399112009 - Seronegative arthritis (disorder) 

S-35908007 - Chronic arthritis (disorder) 

S-11939005 - Acute arthritis (disorder) 

S-3723001 - Arthritis (disorder) 
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1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported
4,5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods
Study design 4 Present key elements of study design early in the paper 5,6
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
5,6

(a) Cohort study—Give the eligibility criteria, and the sources and 
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and 
methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and 
methods of selection of participants

5Participants 6

(b) Cohort study—For matched studies, give matching criteria and 
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the 
number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

6-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group

6-8

Bias 9 Describe any efforts to address potential sources of bias 6-9
Study size 10 Explain how the study size was arrived at 5,6
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
6-8

(a) Describe all statistical methods, including those used to control for 
confounding

8,9

(b) Describe any methods used to examine subgroups and interactions 8,9
(c) Explain how missing data were addressed 8,9
(d) Cohort study—If applicable, explain how loss to follow-up was 
addressed
Case-control study—If applicable, explain how matching of cases and 
controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking 
account of sampling strategy

8,9

Statistical methods 12

(e) Describe any sensitivity analyses 8,9
Continued on next page

Page 68 of 67

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

2

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, completing 
follow-up, and analysed

10

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders

10

(b) Indicate number of participants with missing data for each variable of interest

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures 
of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures 9-13
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included

9-13

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

Supp

Discussion
Key results 18 Summarise key results with reference to study objectives 13,14
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias
16

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

13-
17

Generalisability 21 Discuss the generalisability (external validity) of the study results 16,17

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
18

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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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 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 (ICD-10, 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 (HoNOS).

Results: Physical health data was extracted, achieving precision rates (F1) above 0.90 for all 

conditions. The ten most prevalent conditions were diabetes, hypertension, asthma, arthritis, 

epilepsy, cerebrovascular accident, eczema, migraine, ischaemic heart disease and COPD. 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 
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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 15m 

clinical documents with free text. 

- We mapped how these health conditions are distributed across sex, age, ethnicity, social 

disadvantage and severe mental illness diagnoses in a sample of 17500 patients from one 

of Europe's largest providers of secondary mental healthcare, serving a geographic 

catchment of approximately 1.32 million residents in London.

- We investigated the association between multimorbidity (2 or more conditions) and 

disability using the Health of the Nation Outcome Scale (HoNOS) 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 comorbidities were extracted, some specific 

health conditions required to compute standard comorbidity scores (e.g., 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, multimorbidity research 

in this population is still scarce[5] compounded by the limited availability of physical health data 

in SMI samples, increased non-response rates in surveys,[6] and physical health information in 

secondary mental health care data primarily hidden in free text fields.  

Most research to date on physical health in SMI populations 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 (e.g., 

inflammatory bowel diseases, psoriasis),[11–13] multiple sclerosis, 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] Woodhead et al.[4] showed an increased risk 

in multimorbidity in SMI patients, but only found epilepsy to be more prevalent as an individual 

condition. Kugathasan et al.[17] investigated combinations of diseases in schizophrenia at organ 

system level and found that 31% had complex multimorbidity with the most prevalent pairs 

including neurologic-endocrine, neurologic-respiratory and neurologic-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 

multimorbidity in SMI, they are still not comparable to multimorbidity studies in general 

populations[18–20] and they did not investigate potential differences between individuals with 

schizophrenia spectrum disorders (SSD) and bipolar disorders (BD). Understanding different 

Page 6 of 64

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

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 disability[24] 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 Interactive Search (CRIS), a case register 

platform that contains de-identified mental healthcare electronic health record data from the South 

London and Maudsley Trust NHS Foundation Trust (SLaM). SLaM is one of Europe's largest 

providers of secondary mental healthcare, serving a geographic catchment of approximately 1.32 

million residents, and providing almost complete coverage of secondary mental healthcare 

provision 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 anonymized full records for over 500,000 cases currently represented in the system.[27]
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Our sample (N=17500) 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 edition [ICD-10][28] codes F20-31). Given that one of our 

objectives was to compare SSD (F20-29) and BD (F30-31), individuals 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 data [18–20]: diabetes mellitus, heart failure, ischemic 

heart diseases, hypertension, coronary arteriosclerosis, chronic obstructive pulmonary disease 

(COPD), asthma, chronic kidney disease, cerebrovascular accident, transient ischemic attack, 

Parkinson’s disease, multiple sclerosis, epilepsy, migraine, atrial fibrillation, chronic sinusitis, 

inflammatory 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 examined and individually reviewed by two clinicians (Appendix 1). 

Physical health conditions were ascertained from data reported in text records from CRIS since 

2007 until 1st August 2019 for each individual resulting in around 15m 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 contextualization. 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 
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increasing recall and potentially catching all different name-forms for each concept. In a second 

step, MedCAT was trained in 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 upon request, were piloted and refined 

in preliminary stages. A relevant instance was defined as a mention of a physical 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’. Diagnosis 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.  MedCATtrainer[30] 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 validation. Hyperparameter optimization in 

both cases used a 10-fold cross validation on the training set.
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Socio-demographics. 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 background), Black African (including mixed 

White and Black African), South Asian (Indian, Pakistani and Bangladeshi) and Other). Index of 

Multiple Deprivation (IMD) was extracted as a measure of neighbourhood socioeconomic 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 individual’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 indicators, 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 

problems 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. 
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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. Chi-square 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 association of multimorbidity and specific 

physical health with 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 4.0.3 and RStudio 

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 Center (BRC) at South London and 

Maudsley Trust NHS Foundation Trust (SLaM).[33] 

Results

Inter-annotator 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 inter-annotator 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 
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meta-annotations performance results showed good performance for Diagnosis and Status 

(Supplemental Table 1).

PLEASE INSERT 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 physical 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 to 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 

(Supplemental Figure 1 within SSD and BD). When we compared individuals with SSD and BD, 

we found that the top 10 most prevalent 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 SSD while individuals with 

BD showed higher prevalence rates of migraine (BD 4.3% vs SSD 2.9%).
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PLEASE INSERT TABLE 2 AND FIGURE 1 HERE

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 to men (Supplemental 

Table 2). Within the individuals with SSD, women were found to be more likely to report higher 

rates of diabetes, chronic kidney disease (CKD), heart failure and transient ischaemic attack (TIA). 

Within individuals with BD, sex differences were only found for asthma, arthritis, migraine and 

ischemic heart disease. Women with BD were more likely to report asthma, arthritis and migraine 

while men with BD were more likely to report ischemic heart disease.

With regards to differences across age groups, we found higher prevalence rates of diabetes, 

hypertension, 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 (Supplemental Table 3, 

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 accident (Figure 2, 

Supplemental Tables 4). Individuals from Black or South Asian minorities were more likely to 

show higher prevalence rates of diabetes and hypertension compared to 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 to South Asians with SSD (20.7%); while diabetes rates in Black Caribbean with SSD 
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(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 to those that did not have these specific conditions (Supplemental 

Table 5).

PLEASE INSERT FIGURE 2 AROUND HERE

Multimorbidity combinations for the whole cohort and SSD and BD subgroups 

Table 3 summarizes the ten most common physical comorbidities 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 presence 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 ten 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 to SSD). The most common combination of conditions included 

diabetes, hypertension and asthma, regardless of their SMI diagnoses. Most individuals with these 

combinations of conditions were also likely to have arthritis. Figures 3, 4 and 5 show the most 

prevalent conditions for individuals with SMI and comorbid diabetes, hypertension and asthma, 

respectively.

PLEASE INSERT TABLE 3 AND FIGURES 3,4 AND 5 AROUND HERE

Association with disability
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HoNOS descriptive statistics for the whole SMI cohort (Mean=10.40, SD=6.06) and for those with 

the ten 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 minimally attenuated after adjustments. Similar socio-demographics and 

trends were found within BD and SSD groups (Supplemental Tables 6-8). However, associations 

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. 

PLEASE INSERT TABLE 4 AROUND HERE

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 electronic health records. The NLP 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 replication in other mental health trusts which 

have already deployed CRIS platforms.

Our second objective was to examine the prevalence of these conditions in SMI individuals and  

compare the most prevalent multimorbidity combinations between individuals with BD and SSD.  
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When we examined differences in socio-demographic variables by diagnosis, our findings were 

largely consistent with previous research,[3,36–39] although associations between ethnicity and 

BD are less established.[40] With regards to sociodemographic differences, we found that women 

with SSD were more likely to have diabetes, CKD, heart failure and TIA compared to men with 

SSD; and women with BD were more likely to have asthma, arthritis and migraine compared to 

men with BD. Previous research in this population showed mixed results. Some studies found 

higher prevalence of hypertension in women with SSD[41] 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 with an SMI diagnosis, especially with 

SSD. Further research in this line is needed. 

Ethnic differences were found for diabetes, hypertension, 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 hypertension 

compared to White British or Irish.  Black Caribbean 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 to 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 
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population where higher levels of social deprivation are found in those with comorbid 

diabetes,[51,52] hypertension,[53] asthma[54] 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 multimorbidity. These findings provide evidence to support previous research 

suggestions about the increased probability of multimorbidity in this population.[3,17,56–59] 

Absolute 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 physical comorbidities in individuals with BD.[3,38,39,41] Overall, 

the top ten 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 combination of conditions included diabetes, hypertension and 

asthma, regardless of their SMI diagnoses. Moreover, 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 explanatory mechanism 

underlying the association between physical multimorbidity and severe mental illness.[60,61] 

Future research should explore further the potential independent contribution 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 potential differences between SSD and BD. 
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In addition, we examined the association between the top ten most prevalent conditions and 

disability levels. We found that not only multimorbidity was clearly associated 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, deprivation or SMI diagnoses.  Similar results were 

found when we examined the associations between multimorbidity 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 socio-demographic 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 ageing[62] 

or some specific SMI populations.[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 multimorbidity research. This is a key advantage of using EHRs from 

a large secondary mental health care 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 promising 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. The present study is limited 

to individuals with SMI which does not allow us to compare comorbidity figures of SMI with other 
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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 maximizing 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 functioning 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 

conditions and include rare diseases and all the conditions needed to calculate standard 

comorbidity scores such as Charlson or Exlihauser indexes which were not considered in this study 

(e.g., 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 overview 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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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

Ischemic 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 ischemic 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

Page 31 of 64

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Table 2. Socio-demographic characteristics and prevalence for physical health conditions for total 

cohort (N=17500) and by SMI diagnosis. 

Total SSD BD 

N (%) 17500 13019 (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)

Number of conditions***
No mentions 10468 (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)
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Migraine*** 564 (3.2) 372 (2.9) 192 (4.3)
Ischemic 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)
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)

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between BD and SSD groups
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Table 3. Ten most prevalent conditions and associated comorbidities of the total cohort and by 

SMI diagnosis.

Condition Preva-
lence 

Mean # of 
comorbiditi
es

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%)
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%)

Diabetes

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%)

Hypertensi
on

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%)

Asthma

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%)

Arthritis

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%)

Epilepsy

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)

CVA

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%)

Eczema

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%)

Migraine

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%)

Ischaemic 
heart 
disease

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%)

COPD

Note. SSD: Schizophrenia Spectrum disorders. BD: Bipolar disorders. HTN: 
hypertension
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Table 4. Associations between specific comorbidities, multimorbidity and HoNOS scores. Models 

were adjusted by age and sex (Model 1), and then additionally adjusted by IMD (Model 2a) or 

SMI diagnosis (Model 2b).

HoNOS Unadjusted Model 1 Model 2a Model 2b
Mean 
(SD)

B (95% CI) B (95% CI)  B (95% CI) B (95% CI)

Physical comorbidities
Diabetes 10.93 

(6.08)
0.652 (0.389 – 

0.914)***
0.464 (0.198 – 

0.730)***
0.485 (0.215 – 

0.755)***
0.359 (0.094 – 

0.625)**
Ref: No diabetes 10.28 

(6.05)
Hypertension 10.99 

(6.02)
0.713 (0.446 – 

0.980)***
0.401 (0.123 – 

0.680)**
0.368 (0.084 – 

0.652)*
0.297 (0.019 – 

0.576)*
Ref: No hypertension 10.27 

(6.06)
Asthma 11.05 

(6.16)
0.734 (0.417 – 

1.051)***
0.806 (0.490 – 

1.121)***
0.770 (0.450 – 

1.091)***
0.804 (0.489 – 

1.118)***
Ref: No asthma 10.31 

(6.04)
Arthritis 12.01 

(6.19)
1.728 (1.322 – 

2.134)***
1.570 (1.156 – 

1.984)***
1.558 (1.142 – 

1.974)***
1.567 (1.155 – 

1.980)***
Ref: No arthritis 10.28 

(6.03)
Epilepsy 11.40 

(6.19)
1.055 (0.596 – 

1.514)***
1.066 (0.609 – 

1.523)***
1.089 (0.628 – 

1.549)***
0.982 (0.527 – 

1.437)***
Ref: No epilepsy 10.35 

(6.05)

CVA 11.81 
(6.22)

1.487 (1.022 – 
1.951)***

1.195 (0.728 – 
1.662)***

1.180 (0.712 – 
1.649)***

1.162 (0.697 – 
1.627)***

Ref: No CVA 10.33 
(6.04)

Eczema 11.12 
(6.19)

0.753 (0.249 – 
1.257)**

0.838 (0.336 – 
1.340)***

0.728 (0.220 – 
1.237)**

0.799 (0.299 – 
1.299)**

Ref: No eczema 10.37 
(6.05)

Migraine 10.33 
(5.73)

-0.078 (-0.600 – 
0.445)

0.212 (-0.311 – 
0.734)

0.227 (-0.300 – 
0.754)

0.302 (-0.218 – 
0.823)

Ref: No migraine 10.40 
(6.07)

Ischaemic heart disease 11.64 
(5.92)

1.294 (0.766 – 
1.822)***

0.864 (0.332 – 
1.395)***

0.853 (0.318 – 
1.387)**

0.849 (0.320 – 
1.379)**

Ref: No ischaemic heart disease 10.35 
(6.06)

COPD 12.08 
(5.78)

1.733 (1.158 – 
2.309)***

1.326 (0.745 – 
1.908)***

1.336 (0.750 – 
1.923)***

1.397 (0.818 – 
1.977)***

Ref: No COPD 10.34 
(6.06)

Multimorbidity
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Number of comorbidities 0.487 (0.406 – 
0.567)***

0.423 (0.339 – 
0.507)***

0.424 (0.339 – 
0.510) ***

0.404 (0.320 – 
0.488)***

1 or more comorbidities 10.96 
(6.08)

1.053 (0.850 –
1.256)***

0.893 (0.685 – 
1.101)***

0.895 (0.681 – 
1.109)***

0.823 (0.615 – 
1.031)***

Ref: No comorbidities 9.90 
(5.99)

2 or more comorbidities 11.34 
(6.13)

1.214 (0.973 – 
1.455)***

1.021 (0.772 – 
1.269)***

1.020 (0.768 – 
1.272)***

0.968 (0.720 – 
1.216)***

Ref: Less than 1 comorbidities 10.12 
(6.01)

Note.. ***  p < .001; ** p < .01; * p < .05

Page 36 of 64

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Figure 1. Comparison of number of physical health comorbidities (a) and specific physical 

comorbidities (b) by SMI diagnosis. 

Figure 2. Prevalence of the most prevalent physical health conditions across ethnicities within 

the SMI cohort and the SSD and BD subgroups.

Figure 3. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

diabetes.

Figure 4. Visualization of most prevalent comorbidities in individuals with SMI and comorbid  

hypertension.

Figure 5. Visualization of most prevalent comorbidities in individuals with SMI and comorbid 

asthma.
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Figure 2. Prevalence of the most prevalent physical health conditions across ethnicities within 

the SMI cohort and the SSD and BD subgroups. 
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Supplemental Material 

Supplemental Tables 

Supplemental Table 1. Meta-annotations performance results for Diagnosis and Status 

Supplemental Table 2. Prevalence estimates and sex differences within the whole SMI cohort 

and SSD and BD subgroups. 

Supplemental Table 3. Prevalence for each condition by age ranges at first SMI diagnosis for the 

whole SMI cohort and SSD and BD subgroups.  

Supplemental Tables 4a, 4b and 4c. Prevalence for each condition across ethnicities for the whole 

SMI cohort and SSD and BD subgroups.  

Supplemental Table 5. Social deprivation prevalence for each condition for the whole cohort and 

within SSD and BD. 

Supplemental Table 6. Sociodemographic features of cohort in HoNOS subsample analysis 

Supplemental Table 7. Associations between comorbidities and HoNOS scores in SSD. 

Supplemental Table 8. Associations between comorbidities and HoNOS scores in BD.  

Supplemental Figures 

Supplemental Figure 1. Distribution of all conditions in the SMI cohort by SMI group. 

Supplemental Figure 2. Prevalence rates for age at SMI diagnoses per condition and comparison 

between individuals with BD and SSD. 

Appendix 1. SNOMED Container and Concept Level Groupings for physical health conditions 

included in this study. 
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Supplemental Tables 

Supplemental Table 1. Meta-annotations performance results for Diagnosis and Status 

Meta-

Annotation 

Values F1 

(macro/weighted) 

P (macro/weighted) R (macro/weighted) 

Diagnosis Patient / Other 0.94 / 0.94 0.95 / 0.95 0.92 / 0.94 

Status Affirmed / Other 0.89 / 0.98 0.94 / 0.98 0.85 / 0.98 
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Supplemental Table 2. Prevalence estimates and sex differences within the whole SMI cohort and 

SSD and BD subgroups. 

 Total Cohort SSD   BD  

 Female Male Female Male p-value Female Male p- value 

Diabetes 1282 

(15.8) 

1403 

(15) 

1021 

(18.8) 

1187 

(15.6) 

<.001 261 

(9.7) 

216 

(12.1) 

.190 

Hypertension *** 1325 

(16.3) 

1212 

(12.9) 

1060 

(19.6) 

1010 

(13.3) 

<.001 265 

(9.8) 

202 

(11.4) 

1.000 

Asthma ** 869 

(10.7) 

852 

(9.1) 

559 

(10.3) 

732 

(9.6) 

1.000 310 

(11.5) 

120 

(6.7) 

<.001 

Arthritis *** 657 

(8.1) 

297 

(3.2) 

471 

(8.7) 

231 

(3.0) 

<.001 186 

(6.9) 

66 

(3.7) 

<.001 

Epilepsy 349 

(4.3) 

450 

(4.8) 

253 

(4.7) 

399 

(5.3) 

1.000 96 

(3.6) 

51 

(2.9) 

1.000 

Cerebrovascular diseases 367 

(4.5) 

361 

(3.9) 

265 

(4.9) 

308 

(4.1) 

.499 102 

(3.8) 

53 

(3.0) 

1.000 

Eczema * 331 

(4.1) 

285 

(3.0) 

238 

(4.4) 

241 

(3.2) 

<.01 93 

(3.4) 

44 

(2.5) 

1.000 

Migraine *** 369 

(4.5) 

194 

(2.1) 

217 

(4.0) 

155 

(2.0) 

<.001 152 

(5.6) 

39 

(2.2) 

<.001 

Ischaemic heart disease 249 

(3.1) 

312 

(3.3) 

196 

(3.6) 

239 

(3.1) 

1.000 53 

(2.0) 

73 

(4.2) 

<.001 

Chronic Obstructive Lung diseases 237 

(2.9) 

239 

(2.5) 

153 

(2.8) 

189 

(2.5) 

1.000 84 

(3.1) 

50 

(2.8) 

1.000 

Chronic Kidney disease 158 

(1.9) 

121 

(1.3) 

104 

(1.9) 

75 

(1.0) 

<.001 54 

(2.0) 

46 

(2.6) 

1.000 

Parkinson disease 113 

(1.4) 

153 

(1.6) 

81 

(1.5) 

120 

(1.6) 

1.000 32 

(1.2) 

33 

(1.9) 

1.000 

Heart failure 123 

(1.5) 

99 

(1.0) 

105 

(1.9) 

82 

(1.1) 

.001 18 

(0.7) 

17 

(1.0) 

1.000 

Psoriasis  76  

(0.9) 

103 

(1.1) 

45 

(0.8) 

84 

(1.1) 

1.000 31 

(1.1) 

19 

(1.1) 

1.000 

Atrial fibrillation 65  

(0.8) 

68 

(0.7) 

50 

(0.9) 

50 

(0.7) 

1.000 15 

(0.6) 

18 

(1.0) 

1.000 

Transient Ischaemic Attack 79  

(1.0) 

51 

(0.5) 

53 

(1.0) 

38 

(0.5) 

.037 26 

(1.0) 

13 

(0.7) 

1.000 

Inflammatory Bowel diseases 26  

(0.3) 

14 

(0.1) 

18 

(0.3) 

7 

(0.1) 

.080 8 

(0.3) 

7 

(0.4) 

1.000 
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Multiple Sclerosis 17  

(0.2) 

15 

(0.2) 

9 

(0.2) 

10 

(0.1) 

- 8 

(0.3) 

5 

(0.3) 

- 

Chronic liver disease 10  

(0.1) 

12 

(0.1) 

9 11 

(0.1) 

- 1 

(0.0) 

1 

(0.1) 

- 

Chronic  Sinusitis 3  

(0.0) 

3 

(0.0) 

3 3 

(0.0) 

- 0 

(0.0) 

0 

(0.0) 

- 

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between male and female groups in the whole SMI 

cohort  
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Supplemental Table 3. Prevalence for each condition for the whole cohort and diagnoses 

subgroups and across age ranges at first SMI diagnosis. 
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 Total SSD BD 

 15-34 35-44 45-54 55-64 65+ 15-34 35-44 45-54 55-64 65+  15-34 35-44 45-54 55-64 65+  

Total 7497 3736 2783 1525 1959 5607 2792 2057 1067 1496  1890 944 726 458 463  

Diabetes*** 697  

(9.3) 

559  

(15.0) 

531  

(19.1) 

371  

(24.3) 

528  

(27.0) 

591  

(10.5) 

479  

(17.2) 

439  

(21.3) 

284  

(26.6) 

415  

(27.7) 

p < 

0.001 

106  

(5.6) 

80  

(8.5) 

92  

(12.7) 

87  

(19.0) 

113  

(24.4) 

p < 

0.001 

Hypertension*** 472  

(6.3) 

426  

(11.4) 

514  

(18.5) 

416  

(27.)3 

709  

(36.2) 

412  

(7.3) 

372  

(13.3) 

411  

(20.0) 

313  

(29.3) 

562  

(37.6) 

p < 

0.001 

60  

(3.2) 

54  

(5.7) 

103  

(14.2) 

103  

(22.5) 

147  

(31.7) 

p < 

0.001 

Asthma*** 820  

(10.9) 

347  

(9.3) 

297  

(10.7) 

126  

(8.3) 

132  

(6.7) 

635  

(11.3) 

248  

(8.9) 

218  

(10.6) 

89  

(8.3) 

101  

(6.8) 

p < 

0.001 

185  

(9.8) 

99  

(10.5) 

79  

(10.9) 

37  

(8.1) 

31  

(6.7) 

p = 

1.000 

Arthritis*** 125  

(1.7) 

154  

(4.1) 

229  

(8.2) 

167  

(11.0) 

279  

(14.2) 

93  

(1.7) 

120  

(4.3) 

159  

(7.7) 

118  

(11.1) 

212  

(14.2) 

p < 

0.001 

32  

(1.7) 

34  

(3.6) 

70  

(9.6) 

49  

(10.7) 

67  

(14.5) 

p < 

0.001 

Epilepsy 339  

(4.5) 

188  

(5.0) 

133  

(4.8) 

67  

(4.4) 

72  

(3.7) 

276  

(4.9) 

154  

(5.5) 

112  

(5.4) 

55  

(5.2) 

55  

(3.7) 

1.000 63  

(3.3) 

34  

(3.6) 

21  

(2.9) 

12  

(2.6) 

17  

(3.7) 

1.000 

CVA*** 166  

(2.2) 

112  

(3.0) 

122  

(4.4) 

114  

(7.5) 

214  

(10.9) 

143  

(2.6) 

87  

(3.1) 

95  

(4.6) 

84  

(7.9) 

164  

(11.0) 

p < 

0.001 

23  

(1.2) 

25  

(2.6) 

27  

(3.7) 

30  

(6.6) 

50  

(10.8) 

p < 

0.001 

Eczema 310  

(4.1) 

115  

(3.1) 

79  

(2.8) 

50  

(3.3) 

62  

(3.2) 

244  

(4.4) 

88  

(3.2) 

58  

(2.8) 

37  

(3.5) 

52  

(3.5) 

0.120 66  

(3.5) 

27  

(2.9) 

21  

(2.9) 

13  

(2.8) 

10  

(2.2) 

1.000 

Migraine*** 300  

(4.0) 

122  

(3.3) 

87  

(3.1) 

32  

(2.1) 

23  

(1.2) 

207  

(3.7) 

73  

(2.6) 

53  

(2.6) 

24  

(2.2) 

15  

(1.0) 

p < 

0.001 

93  

(4.9) 

49  

(5.2) 

34  

(4.7) 

8  

(1.7) 

8  

(1.7) 

0.011 

Isc heart 

disease*** 

111  

(1.5) 

73  

(2.0) 

105  

(3.8) 

95  

(6.2) 

177  

(9.0) 

96  

(1.7) 

60  

(2.1) 

80  

(3.9) 

65  

(6.1) 

134  

(9.0) 

p < 

0.001 

15  

(0.8) 

13  

(1.4) 

25  

(3.4) 

30  

(6.6) 

43  

(9.3) 

p < 

0.001 

COPD*** 39  

(0.5) 

58  

(1.6) 

119  

(4.3) 

115  

(7.5) 

145  

(7.4) 

29  

(0.5) 

40  

(1.4) 

87  

(4.2) 

82  

(7.7) 

104  

(7.0) 

p < 

0.001 

10  

(0.5) 

18  

(1.9) 

32  

(4.4) 

33  

(7.2) 

41  

(8.9) 

p < 

0.001 

CKD*** 12  

(0.2) 

18  

(0.5) 

41  

(1.5) 

55  

(3.6) 

153  

(7.8) 

9  

(0.2) 

14  

(0.5) 

28  

(1.4) 

33  

(3.1) 

95  

(6.4) 

p < 

0.001 

3  

(0.2) 

4  

(0.4) 

13  

(1.8) 

22  

(4.8) 

58  

(12.5) 

- 

PD*** 70  

(0.9) 

33  

(0.9) 

37  

(1.3) 

41  

(2.7) 

85  

(4.3) 

57  

(1.0) 

22  

(0.8) 

27  

(1.3) 

32  

(3.0) 

63  

(4.2) 

p < 

0.001 

13  

(0.7) 

11  

(1.2) 

10  

(1.4) 

9  

(2.0) 

22  

(4.8) 

p < 

0.001 

HF*** 18  

(0.2) 

30  

(0.8) 

42  

(1.5) 

40  

(2.6) 

92  

(4.7) 

17  

(0.3) 

30  

(1.1) 

38  

(1.8) 

29  

(2.7) 

73  

(4.9) 

p < 

0.001 

1  

(0.1) 

0  

(0.0) 

4  

(0.6) 

11  

(2.4) 

19  

(4.1) 

- 

Psoriasis 67  

(0.9) 

33  

(0.9) 

37  

(1.3) 

17  

(1.1) 

25  

(1.3) 

54  

(1.0) 

25  

(0.9) 

25  

(1.2) 

9  

(0.8) 

16  

(1.1) 

1.000 13  

(0.7) 

8  

(0.8) 

12  

(1.7) 

8  

(1.7) 

9  

(1.9) 

0.450 

Atrial 

fibrillation*** 

14  

(0.2) 

7  

(0.2) 

12  

(0.4) 

19  

(1.2) 

81  

(4.1) 

11  

(0.2) 

6  

(0.2) 

8  

(0.4) 

12  

(0.1) 

63  

(4.2) 

p < 

0.001 

3  

(0.20 

1  

(0.1) 

4  

(0.6) 

7  

(1.5) 

18  

(3.9) 

- 

TIA*** 20  

(0.3) 

18  

(0.5) 

19  

(0.7) 

23  

(1.5) 

50  

(2.6) 

15  

(0.3) 

15  

(0.5) 

13  

(0.6) 

14  

(1.3) 

34  

(2.3) 

p < 

0.001 

5  

(0.3) 

3  

(0.3) 

6  

(0.8) 

9  

(2.0) 

16  

(3.5) 

- 

IBD 9  

(0.1) 

8  

(0.2) 

12  

(0.4) 

6  

(0.4) 

5  

(0.3) 

4  

(0.1) 

6  

(0.2) 

7  

(0.3) 

3  

(0.3) 

5  

(0.3) 

- 5  

(0.3) 

2  

(0.2) 

5  

(0.7) 

3  

(0.7) 

0  

(0.0) 

- 

MS 6  

(0.1) 

8  

(0.2) 

11  

(0.4) 

5  

(0.3) 

2  

(0.1) 

4  

(0.1) 

4  

(0.1) 

8  

(0.4) 

3  

(0.3) 

0  

(0.0) 

- 2  

(0.1) 

4  

(0.4) 

3  

(0.4) 

2  

(0.4) 

2  

(0.4) 

- 

Page 48 of 64

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Chronic liver 

disease 

5  

(0.1) 

7  

(0.2) 

6  

(0.2) 

3  

(0.2) 

1  

(0.1) 

5  

(0.1) 

7  

(0.3) 

5  

(0.2) 

2  

(0.2) 

1  

(0.1) 

- 0  

(0.0) 

0  

(0.0) 

1  

(0.1) 

1  

(0.2) 

0  

(0.0) 

- 

Chronic sinusitis 5  

(0.1) 

0  

(0.0) 

1  

(0.0) 

0  

(0.0) 

0  

(0.0) 

5  

(0.1) 

0  

(0.0) 

1  

(0.0) 

0  

(0.0) 

0  

(0.0) 

- 0  

(0.0) 

0  

(0.0) 

0  

(0.0) 

0  

(0.0) 

0  

(0.0) 

- 

Note.. ***  p < .001; ** p < .01; * p < .05  for comparisons between age  groups within the  SMI cohort.
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Supplemental Tables 4. Prevalence for each condition for the whole cohort and diagnoses 

subgroups and across ethnicities 

Table 4a. Prevalence for each condition for the whole cohort and ethnicity. 
 

White 

British 

n=6243 

(35.7%) 

Irish 

n=346 

(2.0%) 

Black 

Caribbean 

n=3182 

(18.2%) 

Black 

African 

n=2094 

(12.0%) 

South 

Asian 

n=549 

(3.1%) 

Other§ 

n=2846 

(22.0%) 

Unknown§ 

n=1240 

(7.1%) 

Statistics 

Diabetes 837 (13.4) 55 (15.9) 757 (23.8) 382 (18.2) 125 (22.8) 461 (12.0) 69 (5.6) 𝝌2 (4) = 172.49; 

p <0.001 

Hypertension 804 (12.9) 63 (18.2) 678 (21.3) 430 (20.5) 102 (18.6) 400 (10.4) 60 (4.8) 𝝌2 (4) = 137.98; 

p <0.001 

Asthma 651 (10.4) 40 (11.6) 484 (15.2) 156 (7.4) 42 (7.7) 296 (7.7) 53 (4.3) 𝝌2 (4) = 92.58; p 

<0.001 

Arthritis 402 (6.4) 29 (8.4) 246 (7.7) 90 (4.3) 36 (6.6) 139 (3.6) 12 (1.0) 𝝌2 (4) = 26.80; p 

<0.001 

Epilepsy 339 (5.4) 26 (7.5) 164 (5.2) 77 (3.7) 17 (3.1) 147 (3.8) 29 (2.4) 𝝌2 (4) = 19.02; p 

= 0.010 

Cerebrovascular accident 274 (4.4) 20 (5.8) 184 (5.8) 92 (4.4) 25 (4.6) 116 (3.0) 17 (1.4) 𝝌2 (4) = 10.60; p 

= 0.408 

Eczema 222 (3.6) 7 (2.0) 185 (5.8) 61 (2.9) 17 (3.1) 108 (2.8) 16 (1.3) 𝝌2 (4) = 41.93; p 

<0.001 

Migraine 235 (3.8) 12 (3.5) 129 (4.1) 61 (2.9) 17 (3.1) 98 (2.5) 12 (1.0) 𝝌2 (4) = 5.44; p 

>.99 

Ischemic heart disease 261 (4.2) 13 (3.8) 108 (3.4) 48 (2.3) 19 (3.5) 99 (2.6) 13 (1.0) 𝝌2 (4) = 16.74; p 

= 0.028 

COPD 271 (4.3) 32 (9.2) 63 (2.0) 21 (1.0) 14 (2.6) 60 (1.6) 15 (1.2) 𝝌2 (4) = 114.69; 

p <0.001 

CKD 125 (2.0) 9 (2.6) 56 (1.8) 32 (1.5) 13 (2.4) 37 (1.0) 7 (0.6) 𝝌2 (4) = 3.81; p 

>.99 

Parkinson’s disease 117 (1.9) 6 (1.7) 56 (1.8) 25 (1.2) 11 (2.0) 45 (1.2) 6 (0.5) 𝝌2 (4) = 4.56; p 

>.99 

Heart failure 88 (1.4) 8 (2.3) 55 (1.7) 29 (1.4) 8 (1.5) 31 (0.8) 3 (0.2) 𝝌2 (4) = 3.16; p 

>.99 

Psoriasis 103 (1.6) 4 (1.2) 12 (0.4) 6 (0.3) 5 (0.9) 44 (1.1) 5 (0.4) * 

Atrial fibrillation 69 (1.1) 9 (2.6) 23 (0.7) 11 (0.5) 2 (0.4) 15 (0.4) 4 (0.3) * 
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TIA 58 (0.9) 7 (2.0) 24 (0.8) 15 (0.7) 7 (1.3) 13 (0.3) 6 (0.5) * 

IBD 24 (0.4) 1 (0.3) 2 (0.1) 2 (0.1) 1 (0.2) 9 (0.2) 1 (0.1) * 

Multiple sclerosis 21 (0.3) 1 (0.3) 3 (0.1) 1 (0.0) 0 (0.0) 4 (0.1) 2 (0.2) * 

Chronic liver disease 9 (0.1) 1 (0.3) 1 (0.0) 6 (0.3) 0 (0.0) 5 (0.1) 0 (0.0) * 

Chronic sinusitis 1 (0.0) 0 (0.0) 3 (0.1) 1 (0.0) 0 (0.0) 1 (0.0) 0 (0.0) * 

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes 

 

Table 4b. Prevalence for each condition across ethnicities in SSD.  
White 

British 

n=4008 

(30.8%) 

Irish 

n=240 

(1.8%) 

Black 

Caribbean 

n=2799 

(21.5%) 

Black 

African 

n=1886 

(14.5%) 

South 

Asian 

n=421 

(3.2%) 

Other§ 

n=2822 

(21.7%) 

Unknown§ 

n=843 

(6.5%) 

Statistics 

Diabetes 602 (15.0) 37 (15.4) 682 (24.4) 351 (18.6) 87 (20.7) 390 (13.8) 59 (7.0) 𝝌2 (4) =  

97.10; p <0.001 

Hypertension 573 (14.3) 47 (19.6) 606 (21.7) 396 (21.0) 77 (18.3) 322 (11.4) 49 (5.8) 𝝌2 (4) =  

73.74; p <0.001 

Asthma 443 (11.1) 23 (9.6) 408 (14.6) 134 (7.1) 26 (6.2) 217 (7.7) 40 (4.7) 𝝌2 (4) =  

75.96; p <0.001 

Arthritis 252 (6.3) 17 (7.1) 206 (7.4)  86 (4.6) 29 (6.9) 103 (3.6) 9 (1.1) 𝝌2 (4) =  

15.48; p = 0.038 

Epilepsy 261 (6.5) 23 (9.6) 141 (5.0)  70 (3.7) 14 (3.3) 117 (4.1) 26 (3.1) 𝝌2 (4) =  

32.45; p <0.001 

Cerebrovascular 

accident 

188 (4.7) 15 (6.2) 159 (5.7)  82 (4.3) 18 (4.3)  96 (3.4) 15 (1.8) 𝝌2 (4) =  

6.48; p >0.99 

Eczema 145 (3.6)  4 (1.7) 159 (5.7)  54 (2.9) 12 (2.9)  93 (3.3) 12 (1.4) 𝝌2 (4) =  

33.32; p <0.001 

Migraine 126 (3.1) 10 (4.2) 110 (3.9)  48 (2.5) 12 (2.9)  59 (2.1) 7 (0.8) 𝝌2 (4) =  

8.03; p = 0.904 

Ischemic heart disease 187 (4.7)  9 (3.8)  98 (3.5)  46 (2.4) 13 (3.1)  74 (2.6) 8 (0.9) 𝝌2 (4) =  

19.15; p = 0.007 

COPD 190 (4.7) 18 (7.5)  51 (1.8)  16 (0.8)  9 (2.1)  44 (1.6) 14 (1.7) 𝝌2 (4) =  

101.62; p <0.001 

CKD  64 (1.6)  5 (2.1)  45 (1.6)  26 (1.4) 10 (2.4)  24 (0.9) 5 (0.6) * 

Parkinson’s disease  79 (2.0)  4 (1.7)  49 (1.8)  21 (1.1)  6 (1.4)  36 (1.3) 6 (0.7) * 
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Heart failure  65 (1.6)  8 (3.3)  50 (1.8)  28 (1.5)  7 (1.7)  26 (0.9) 3 (0.4) * 

Psoriasis  66 (1.6)  2 (0.8)   9 (0.3)   6 (0.3)  4 (1.0)  37 (1.3) 5 (0.6) * 

Atrial fibrillation  46 (1.1)  7 (2.9)  22 (0.8)  11 (0.6)  1 (0.2)  10 (0.4) 3 (0.4) * 

TIA  34 (0.8)  5 (2.1)  21 (0.8)  13 (0.7)  6 (1.4)   8 (0.3) 4 (0.5) * 

IBD  12 (0.3)  1 (0.4)   2 (0.1)   2 (0.1)  1 (0.2)   6 (0.2) 1 (0.1) * 

Multiple sclerosis  12 (0.3)  1 (0.4)   3 (0.1)   0 (0.0)  0 (0.0)   2 (0.1) 1 (0.1) * 

Chronic liver disease   7 (0.2)  1 (0.4)   1 (0.0)   6 (0.3)  0 (0.0)   5 (0.2) 0 (0.0) * 

Chronic sinusitis   1 (0.0)  0 (0.0)   3 (0.1)   1 (0.1)  0 (0.0)   1 (0.0) 0 (0.0) * 

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes 

 

Table 4c. Prevalence for each condition across ethnicities in BD.  
White 

British 

n=2235 

(49.9%) 

Irish 

n=106 

(2.4%) 

Black 

Caribbean 

n=383 

(8.5%) 

Black 

African 

n=208 

(4.6%) 

South 

Asian 

n=128 

(2.9%) 

Other§ 

n=1024 

(22.9%) 

Unknown§ 

n=397 

(8.9%) 

Statistics 

Diabetes 235 (10.5) 18 (17.0) 75 (19.6) 31 (14.9) 38 (29.7) 71 (6.9) 10 (2.5) 𝝌2 (4) =  

60.65; p <0.001 

Hypertension 231 (10.3) 16 (15.1) 72 (18.8) 34 (16.3) 25 (19.5) 78 (7.6) 11 (2.8) 𝝌2 (4) =  

32.99; p <0.001 

Asthma 208 (9.3) 17 (16.0) 76 (19.8) 22 (10.6) 16 (12.5) 79 (7.7) 13 (3.3) 𝝌2 (4) =  

39.95; p <0.001 

Arthritis 150 (6.7) 12 (11.3) 40 (10.4)  4 (1.9)  7 (5.5) 36 (3.5) 3 (0.8) 𝝌2 (4) =  

19.09; p = 0.004 

Epilepsy  78 (3.5)  3 (2.8) 23 (6.0)  7 (3.4)  3 (2.3) 30 (2.9) 3 (0.8) * 

Cerebrovascular accident  86 (3.8)  5 (4.7) 25 (6.5) 10 (4.8)  7 (5.5) 20 (2.0) 2 (0.5) * 

Eczema  77 (3.4)  3 (2.8) 26 (6.8)  7 (3.4)  5 (3.9) 15 (1.5) 4 (1.0) * 

Migraine 109 (4.9)  2 (1.9) 19 (5.0) 13 (6.2)  5 (3.9) 39 (3.8) 5 (1.3) 𝝌2 (4) =  

3.17; p >0.99 

Ischemic heart disease  74 (3.3)  4 (3.8) 10 (2.6)  2 (1.0)  6 (4.7) 25 (2.4) 5 (1.3) * 
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COPD  81 (3.6) 14 (13.2) 12 (3.1)  5 (2.4)  5 (3.9) 16 (1.6) 1 (0.3) * 

CKD  61 (2.7)  4 (3.8) 11 (2.9)  6 (2.9)  3 (2.3) 13 (1.3) 2 (0.5) * 

Parkinson’s disease  38 (1.7)  2 (1.9)  7 (1.8)  4 (1.9)  5 (3.9)  9 (0.9) 0 (0.0) * 

Heart failure  23 (1.0)  0 (0.0)  5 (1.3)  1 (0.5)  1 (0.8)  5 (0.5) 0 (0.0) * 

Psoriasis  37 (1.7)  2 (1.9)  3 (0.8)  0 (0.0)  1 (0.8)  7 (0.7) 0 (0.0) * 

Atrial fibrillation  23 (1.0)  2 (1.9)  1 (0.3)  0 (0.0)  1 (0.8)  5 (0.5) 1 (0.3) * 

TIA  24 (1.1)  2 (1.9)  3 (0.8)  2 (1.0)  1 (0.8)  5 (0.5) 2 (0.5) * 

IBD  12 (0.5)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  3 (0.3) 0 (0.0) * 

Multiple sclerosis   9 (0.4)  0 (0.0)  0 (0.0)  1 (0.5)  0 (0.0)  2 (0.2) 1 (0.3) * 

Chronic liver disease   2 (0.1)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0) 0 (0.0) * 

Chronic sinusitis   0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0)  0 (0.0) 0 (0.0) * 

§Categories were dropped for statistical analysis. *𝝌2 test not performed due to small population sizes 
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Supplemental Table 5. Social deprivation prevalence for each condition for the whole cohort and within SSD and BD. 
   Total 

cohort 

     SSD      AD    

 
1 - 

least 

depriv

ed 

n (%) 

2 

n (%) 

3 

n (%) 

4 

n (%) 

5 - 

most 

depriv

ed 

n (%) 

Not 

stated§ 

n (%) 

1 - 

least 

depriv

ed 

n (%) 

2 

n (%) 

3 

n (%) 

4 

n (%) 

5 - 

most 

depriv

ed 

n (%) 

Not 

stated§ 

n (%) 

Chi 

square 

1 - 

least 

depriv

ed 

n (%) 

2 

n (%) 

3         

n (%) 

4 

n (%) 

5 - 

most 

depriv

ed 

n (%) 

Not 

stated§ 

n (%) 

Chi square 

Total 742 

(100) 

1384 

(100) 

3575 

(100) 

7073 

(100) 

4033 

(100) 

693 

(100) 

412 

(100) 

887 

(100) 

2503 

(100) 

5476 

(100) 

3204 

(100) 

537 

(100) 

 330 

(100) 

497 

(100) 

1072 

(100) 

1597 

(100) 

829 

(100) 

156 

(100) 

 

Diabetes *** 62 
(8.4) 

169 
(12.2) 

528 
(14.8) 

1201 
(17.0) 

698 
(17.3) 

28 
(4.0) 

49 
(11.9) 

117 
(13.2) 

409 
(16.3) 

1019 
(18.6) 

594 
(18.5) 

20 
(3.7) 

X2(4) = 
29.7; 

p<0.00

1 

13 
(3.9) 

52 
(10.5) 

119 
(11.1) 

182 
(11.4) 

104 
(12.5) 

8 
(5.1) 

X2(4) = 19.4; 
p=0.007 

Hypertension 

*** 

77 

(10.4) 

154 

(11.1) 

468 

(13.1) 

1189 

(16.8) 

627 

(15.5) 

22 

(3.2) 

51 

(12.4) 

108 

(12.2) 

368 

(14.7) 

1008 

(18.4) 

517 

(16.1) 

18 

(3.4) 

X2(4) = 

37.8; 
p<0.00

1 

26 

(7.9) 

46 

(9.3) 

100 

(9.3) 

181 

(11.3) 

110 

(13.3) 

4 

(2.6) 

X2(4) = 12.3; 

p=0.17 

Asthma *** 42 
(5.7) 

95 
(6.9) 

361 
(10.1) 

758 
(10.7) 

432 
(10.7) 

34 
(4.9) 

27 
(6.6) 

61 
(6.9) 

251 
(10.0) 

589 
(10.8) 

337 
(10.5) 

26 
(4.8) 

X2(4) = 
19.0; 

p=0.01 

15 
(4.5) 

34 
(6.8) 

110 
(10.3) 

169 
(10.6) 

95 
(11.5) 

8 
(5.1) 

X2(4) = 19.2; 
p=0.008 

Arthritis 36 

(4.9) 

56 

(4.0) 

188 

(5.3) 

411 

(5.8) 

256 

(6.3) 

7 

(1.0) 

18 

(4.4) 

36 

(4.1) 

135 

(5.4) 

312 

(5.7) 

197 

(6.1) 

4 

(0.7) 

X2(4) = 

7.30; 

p>0.99 

18 

(5.5) 

20 

(4.0) 

53 

(4.9) 

99 

(6.2) 

59 

(7.1) 

3 

(1.9) 

X2(4) = 7.51; 

p>0.99 

Epilepsy 32 
(4.3) 

50 
(3.6) 

160 
(4.5) 

344 
(4.9) 

202 
(5.0) 

11 
(1.2) 

24 
(5.8) 

40 
(4.5) 

123 
(4.9) 

292 
(5.3) 

164 
(5.1) 

9 
(1.7) 

X2(4) = 
1.79; 

p>0.99 

8 
(2.4) 

10 
(2.0) 

37 
(3.5) 

52 
(3.3) 

38 
(4.6) 

2 
(1.3) 

X2(4) = 7.59; 
p>0.99 

CVA 19 

(2.6) 

52 

(3.8) 

146 

(4.1) 

328 

(4.6) 

180 

(4.5) 

3 

(0.4) 

12 

(2.9) 

33 

(3.7) 

107 

(4.3) 

272 

(5.0) 

146 

(4.6) 

3 

(0.6) 

X2(4) = 

6.55; 

p>0.99 

7 

(2.1) 

19 

(3.8) 

39 

(3.6) 

56 

(3.5) 

34 

(4.1) 

0 X2(4) = 2.80; 

p>0.99 

Eczema 

 

22 
(3.0) 

45 
(3.3) 

120 
(3.4) 

273 
(3.9) 

147 
(3.6) 

9 
(1.3) 

17 
(4.1) 

34 
(3.8) 

86 
(3.4) 

212 
(3.9) 

123 
(3.8) 

7 
(1.3) 

X2(4) = 
1.11; 

p>0.99 

5 
(1.5) 

11 
(2.2) 

34 
(3.2) 

61 
(3.8) 

24 
(2.9) 

2 
(1.3) 

X2(4) = 
6.90; 

p>0.99 

Migraine 17 

(2.3) 

39 

(2.8) 

121 

(3.4) 

243 

(3.4) 

140 

(3.5) 

4 

(0.6) 

11 

(2.7) 

20 

(2.3) 

63 

(2.5) 

176 

(3.2) 

99 

(3.1) 

3 

(0.6) 

X2(4) = 

4.79; 

p>0.99 

6 

(1.8) 

19 

(3.8) 

58 

(5.4) 

67 

(4.2) 

41 

(4.9) 

1 

(0.6) 

X2(4) = 8.94; 

p=0.69 

Ischaemic 

heart disease 

20 
(2.7) 

48 
(3.5) 

103 
(2.9) 

240 
(3.4) 

143 
(3.5) 

7 
(1.0) 

9 
(2.2) 

33 
(3.7) 

74 
(3.0) 

194 
(3.5) 

120 
(3.7) 

5 
(0.9) 

X2(4) = 
4.99; 

p>0.99 

11 
(3.3) 

15 
(3.0) 

29 
(2.7) 

46 
(2.9) 

23 
(2.8) 

2 
(1.3) 

X2(4) = 0.43; 
p>0.99 

COPD ** 6 

(0.8) 

35 

(2.5) 

83 

(2.3) 

208 

(2.9) 

139 

(3.4) 

5 

(0.7) 

3 

(0.7) 

22 

(2.5) 

59 

(2.4) 

159 

(2.9) 

95 

(3.0) 

4 

(0.7) 

X2(4) = 

9.07; 

p=0.77 

3 

(0.9) 

13 

(2.6) 

24 

(2.2) 

49 

(3.1) 

44 

(5.3) 

1 

(0.6) 

X2(4) = 

21.9; 

p=0.002 
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CKD 8 
(1.1) 

22 
(1.6) 

46 
(1.3) 

128 
(1.8) 

74 
(1.8) 

1 
(0.1) 

4 
(1.0) 

9 
(1.0) 

28 
(1.1) 

81 
(1.5) 

56 
(1.7) 

1 
(0.2) 

X2(4) = 
5.83; 

p>0.99 

4 
(1.2) 

13 
(2.6) 

18 
(1.7) 

47 
(2.9) 

18 
(2.2) 

0 X2(4) = 6.76; 
p>0.99 

PD 9 

(1.2) 

22 

(1.6) 

51 

(1.4) 

121 

(1.7) 

60 

(1.5) 

3 

(0.4) 

5 

(1.2) 

16 

(1.8) 

33 

(1.3) 

97 

(1.8) 

48 

(1.5) 

2 

(0.4) 

X2(4) = 

3.13; 

p>0.99 

4 

(1.2) 

6 

(1.2) 

18 

(1.7) 

24 

(1.5) 

12 

(1.4) 

1 

(0.6) 

--- 

Heart failure 10 
(1.3) 

12 
(0.9) 

47 
(1.3) 

92 
(1.3) 

58 
(1.4) 

3 
(0.4) 

7 
(1.7) 

10 
(1.1) 

39 
(1.6) 

78 
(1.4) 

52 
(1.6) 

1 
(0.2) 

X2(4) = 
1.54; 

p=0.82 

3 
(0.9) 

2 
(0.4) 

8 
(0.7) 

14 
(0.9) 

6 
(0.7) 

2 
(1.3) 

--- 

Psoriasis 11 

(1.5) 

12 

(0.9) 

33 

(0.9) 

71 

(1.0) 

48 

(1.2) 

4 

(0.6) 

4 

(1.0) 

6 

(0.7) 

24 

(1.0) 

54 

(1.0) 

37 

(1.2) 

4 

(0.7) 

--- 7 

(2.1) 

6 

(1.2) 

9 

(0.8) 

17 

(1.1) 

11 

(1.3) 

0 --- 

Atrial 

fibrillation 

10 
(1.3) 

11 
(0.8) 

27 
(0.8) 

53 
(0.7) 

29 
(0.7) 

3 
(0.4) 

6 
(1.5) 

7 
(0.8) 

21 
(0.8) 

42 
(0.8) 

23 
(0.7) 

1 
(0.2) 

--- 4 
(1.2) 

4 
(0.8) 

6 
(0.6) 

11 
(0.7) 

6 
(0.7) 

2 
(1.3) 

--- 

TIA 3 

(0.3) 

17 

(1.0) 

27 

(0.6) 

55 

(0.6) 

28 

(0.5) 

0 1 

(0.2) 

9 

(1.0) 

16 

(0.6) 

43 

(0.8) 

22 

(0.7) 

0 --- 2 

(0.6) 

8 

(1.6) 

11 

(1.0) 

12 

(0.8) 

6 

(0.7) 

0 --- 

IBD 1 
(0.1) 

4 
(0.3) 

10 
(0.3) 

12 
(0.2) 

13 
(0.3) 

0 0 1 
(0.1) 

7 
(0.3) 

7 
(0.1) 

10 
(0.3) 

0 --- 1 
(0.3) 

3 
(0.6) 

3 
(0.3) 

5 
(0.3) 

3 
(0.4) 

0 --- 

MS 4 

(0.5) 

2 

(0.1) 

7 

(0.2) 

14 

(0.2) 

4 

(0.1) 

1 

(0.1) 

2 

(0.5) 

2 

(0.2) 

2 

(0.1) 

9 

(0.2) 

3 

(0.1) 

1 

(0.2) 

--- 2 

(0.6) 

0 5 

(0.5) 

5 

(0.3) 

1 

(0.1) 

0 --- 

Chronic liver 

disease 

0  1 
(0.1) 

8 
(0.2) 

8 
(0.1) 

5 
(0.1) 

0 0 0 8 
(0.3) 

8 
(0.1) 

4 
(0.1) 

0 --- 0 1 
(0.2) 

0 0 1 
(0.1) 

0 --- 

Chronic 

sinusitis 

0 

 

0 

 

1 

(0.0) 

2 

(0.0) 

3 

(0.1) 

0 0 0 1 

(0.0) 

2 

(0.0) 

3 

(0.1) 

0 --- 0 0 0 0 0 0 --- 

*, p<0.05; **, p≤0.01; ***, p≤0.001; CVA, cerebrovascular accident; COPD, chronic obstructive lung disease; CKD, chronic kidney disease; PD, Parkinson’s disease; TIA, transient 

ischemic attack; IBD, inflammatory bowel disease; MS, multiple sclerosis 
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Supplemental Table 6. Sociodemographic features of cohort in HoNOS subsample analysis 

 
 

Total 

n (%) 

SSD 

n (%) 

BD 

n (%) 

Totals n (%) 13650 (100.0) 10384 (76.1) 3266 (23.9) 

Sex***    

 Female 6537 (47.9) 4526 (69.2) 2011  (30.8) 

 Male 7112 (52.1) 5858 (82.4) 1254  (17.6) 

Age at first SMI diagnosis***    

 15 – 34 5821 (42.6) 4420 (42.6) 1401 (42.9( 

 35 – 44 3430 (25.1) 2183 (75.3) 716 (24.7) 

 45 – 54 2082 (15.3) 1594 (76.6) 488 (23.4) 

 55 – 64 1089 (8.0) 811 (74.5) 278 (25.5) 

 65+ 1759 (12.9) 1376 (13.3) 383 (11.7) 

Ethnicity***    

 White British 4571 (33.5) 2961 (64.8) 1610 (35.2) 

 Black Caribbean 2849 (20.9) 2515 (88.3) 334 (11.7) 

 Black African 1852 (13.6) 1679 (90.7) 173  (9.3) 

 South Asian 436 (3.2) 338 (77.5) 98 (22.5) 

 Irish 286 (2.1) 197 (68.9) 89 (31.1) 

 Other§ 3127 (22.9) 2327 (74.4) 800 (25.6) 

 Not stated§ 529 (3.9) 367 (3.5) 162 (5.0) 

Index of multiple deprivation***    

 1 (least deprivation) 380 (2.8) 237 (62.4) 143 (37.6) 

 2 883 (6.5) 581 (65.8) 302 (34.2) 

 3 2786 (20.4) 1994 (71.6) 792 (28.4) 

 4 5947 (43.6) 4654 (78.3) 1293 (21.7) 

 5 (most deprivation) 3308 (24.2) 2650 (80.1) 658 (19.9) 

 Unknown§ 346 (2.5) 268 (77.5) 78 (22.5) 

Physical conditions***    

 No mentions 7232 (53.0) 5320 (73.6) 1912 (26.4) 

 One  3295 (24.1) 2596 (78.8) 699 (21.2) 

 Two  1669 (12.2) 1340 (80.3) 329 (19.7) 

 Three or more 1454 (10.7) 1128 (77.6) 326 (22.4) 

Note.. ***  p < .001 for comparisons between BD and SSD groups. §Not included in analyses. 
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Supplemental Table 7. Associations between comorbidities and HoNOS scores in SSD. 

Comorbidity HoNOS Score Unadjusted M1 M2a 

 Mean (SD) B (95% CI) B (95% CI) B (95% CI) 

Whole cohort 10.75 (6.10)    

     

Diabetes 11.04 (6.10) 0.360  

(0.067 – 0.654)** 

0.224  

(-0.073 – 0.522) 

0.300  

(-0.002 – 0.602) 

Ref: No diabetes 10.68 (6.10)    

     

Hypertension 11.17 (6.05) 0.519  

(0.220 – 0.818)*** 

0.264  

(-0.048 – 0.575) 

0.324  

(0.006 – 0.641)* 

Ref: No hypertension 10.65 (6.11)    

     

Asthma 11.19 (6.11) 0.492  

(0.126 – 0.859)** 

0.551  

(0.185 – 0.918)** 

0.530  

(0.158 – 0.903)** 

Ref: No asthma 10.70 (6.10)    

     

Arthritis 12.08 (6.21) 1.422  

(0.948– 1.895)*** 

1.259  

(0.775 – 1.742)*** 

1.274  

(0.788 – 1.759)*** 

Ref: No arthritis 10.66 (6.08)    

     

Epilepsy 11.53 (6.24) 0.827  

(0.316 – 1.337)*** 

0.850  

(0.341 – 1.358)*** 

0.856  

(0.341 – 1.370)*** 

Ref: No epilepsy 10.71 (6.09)    

     

CVA 11.87 (6.23) 1.178  

(0.651 – 1.705)*** 

0.913  

(0.383 – 1.443)*** 

0.921  

(0.388 – 1.454)** 

Ref: No CVA 10.69 (6.09)    

     

Eczema 11.48 (6.25) 0.763  

(0.188 – 1.338)** 

0.846  

(0.273 – 1.420)** 

0.754  

(0.172 – 1.336)* 

Ref: No eczema 10.72 (6.09)    

Migraine 10.71 (5.87) -0.041  

(-0.683 – 0.602) 

0.196  

(-0.447 – 0.839) 

0.192  

(-0.458 – 0.842) 

Ref: No migraine 10.75 (6.11)    

     

Ischaemic heart disease 11.59 (5.91) 0.874  

(0.274 – 1.474)** 

0.520  

(-0.083 – 1.124) 

0.477  

(-0.132 – 1.085) 

Ref: No ischaemic heart disease 10.72 (6.11)    

     

COPD 12.15 (5.70) 1.444  

(0.760– 2.128)*** 

1.045  

(0.354 – 1.736)** 

1.043  

(0.343 – 1.742)** 

Ref: No COPD 10.71 (6.11)    

     

Number of comorbidities  0.387  

(0.294 – 0.481)*** 

0.328  

(0.231 – 0.425)*** 

0.342  

(0.243 – 0.441) *** 

     

1 or more comorbidities 

 

11.13 (6.11) 0.745  

(0.511 –0.980)*** 

0.607  

(0.367 – 0.847)*** 

0.657  

(0.410 – 0.903)*** 

Ref: No comorbidities 10.39 (6.07)    

     

2 or more comorbidities 11.45 (6.16) 0.921  

(0.646 – 1.196)*** 

0.747  

(0.464 – 1.030)*** 

0.771  

(0.484 – 1.059)*** 

Ref: Less than 1 comorbidities 10.53 (6.07)    
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Supplemental Table8. Associations between comorbidities and HoNOS scores in BD.  

Comorbidity HoNOS Score Unadjusted M1 M2a 

 Mean (SD) B (95% CI) B (95% CI) B (95% CI) 

Whole cohort 9.28 (5.77)    

     

Diabetes 10.941 (5.97) 1.304 

(0.720 – 1.887)*** 

0.968 

(0.370 – 1.565)** 

0.961 

(0.355 – 1.568)** 

Ref: No diabetes 9.11 (5.72)    

     

Hypertension 10.13 (5.82) 0.972 

(0.384 – 1.561)** 

0.446 

(-0.182 – 1.074) 

0.277 

(-0.359 – 0.912) 

Ref: No hypertension 9.15 (5.76)    

     

Asthma 10.61 (6.27) 1.512 

(0.900 – 2.124)*** 

1.597 

(0.985 – 2.210)*** 

1.503 

(0.887 – 2.120)*** 

Ref: No asthma 9.10 (5.68)    

     

Arthritis 11.81 (6.13) 2.725 

(1.960 – 3.490)*** 

2.487 

(1.702 – 3.273)*** 

2.396 

(1.606 – 3.186)*** 

Ref: No arthritis 9.09 (5.70)    

     

Epilepsy 10.77 (5.96) 1.552 

(0.513 – 2.591)** 

1.587 

(0.551 – 2.624)** 

1.496 

(0.466 – 2.527)** 

Ref: No epilepsy 9.22 (5.76)    

     

CVA 11.60 (6.16) 2.425 

(1.464 – 3.386)*** 

2.098 

(1.124 – 3.071)*** 

2.030 

(1.064 – 2.996)*** 

Ref: No CVA 9.17 (5.73)    

     

Eczema 9.83 (5.82) 0.578 

(-0.446 – 1.603) 

0.622 

(-0.400 – 1.644) 

0.427 

(-0.603 – 1.458) 

Ref: No eczema 9.26 (5.77)    

Migraine 9.55 (5.34) 0.284 

(-0.586– 1.154) 

0.523 

(-0.350– 1.397) 

0.527 

(-0.346 – 1.400) 

Ref: No migraine 9.26 (5.80)    

     

Ischaemic heart disease 11.84 (5.95) 2.649 

(1.560 – 3.738)*** 

2.093 

(0.987 – 3.200)*** 

2.204 

(1.098 – 3.309)** 

Ref: No ischaemic heart disease 9.19 (5.75)    

     

COPD 11.89 (5.99) 2.711 

(1.679 – 3.743)*** 

2.298 

(1.248 – 3.348)*** 

2.128 

(1.077 – 3.179)*** 

Ref: No COPD 9.18 (5.74)    

     

Number of comorbidities  0.723 

(0.566 – 0.879)*** 

0.661 

(0.494 – 0.828)*** 

0.642 

(0.473 – 0.811) *** 

     

1 or more comorbidities 

 

10.30 (5.91) 1.740 

(1.343 –2.138)*** 

1.559 

(1.143 – 1.974)*** 

1.457 

(1.031 – 1.883)*** 

Ref: No comorbidities 8.56 (5.57)    

     

2 or more comorbidities 10.89 (5.99) 2.013 

(1.524 – 2.503)*** 

1.797 

(1.280 – 2.314)*** 

1.789 

(1.267 – 2.311)*** 

Ref: Less than 1 comorbidities 8.88 (5.64)    
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Supplemental Figure 1. Distribution of all conditions in the SMI cohort by SMI diagnoses 

 
 

SMI (total) 

SMI (SSD) 

SMI (BD) 

Page 60 of 64

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Supplemental Figure 2. Prevalence rates for age at SMI diagnoses per condition and comparison 

between individuals with BD and SSD. 
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Appendix 1. SNOMED Container and Concept Level Groupings for physical health 

conditions included in this study. 

 

Container Concept Concepts 

S-73211009 - Diabetes mellitus 

(disorder)  

S-44054006 - Diabetes mellitus type 2 (disorder) 

S-46635009 - Diabetes mellitus type 1 (disorder) 

S-422088007 - Disorder of nervous system co-

occurrent and due to diabetes mellitus (disorder) 

S-25093002 - Disorder of eye co-occurrent and due to 

diabetes mellitus (disorder) 

S-73211009 - Diabetes mellitus (disorder) 

S-84114007 - Heart failure (disorder) S-128404006 - Right heart failure (disorder) 

S-48447003 - Chronic heart failure (disorder) 

S-56675007 - Acute heart failure (disorder) 

S-85232009 - Left heart failure (disorder) 

S-42343007 - Congestive heart failure (disorder) 

S-84114007 - Heart failure (disorder) 

S-414545008 - Ischemic heart disease 

(disorder)  

S-413439005 - Acute ischemic heart disease 

(disorder) 

S-413838009 - Chronic ischemic heart disease 

(disorder) 

S-194828000 - Angina (disorder) 

S-22298006 - Myocardial infarction (disorder) 

S-414545008 - Ischemic heart disease (disorder) 

S-38341003 - Hypertensive disorder, 

systemic arterial (disorder)  

S-31992008 - Secondary hypertension (disorder) 

S-48146000 - Diastolic hypertension (disorder) 

S-56218007 - Systolic hypertension (disorder) 

S-59621000 - Essential hypertension (disorder) 

S-38341003 - Hypertensive disorder, systemic arterial 

(disorder) 

S-13645005 - Chronic obstructive 

lung disease (disorder)  

S-195951007 - Acute exacerbation of chronic 

obstructive airways disease (disorder) 

S-87433001 - Pulmonary emphysema (disorder) 

S-13645005 - Chronic obstructive lung disease 

(disorder) 

S-195967001 - Asthma (disorder) S-195967001 - Asthma (disorder) 

S-709044004 - Chronic kidney 

disease (disorder)  

S-723190009 - Chronic renal insufficiency (disorder) 

S-709044004 - Chronic kidney disease (disorder) 
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S-230690007 - Cerebrovascular 

accident (disorder)  

S-25133001 - Completed stroke (disorder) 

S-371040005 - Thrombotic stroke (disorder) 

S-371041009 - Embolic stroke (disorder) 

S-413102000 - Infarction of basal ganglia (disorder) 

S-422504002 - Ischemic stroke (disorder) 

S-723082006 - Silent cerebral infarct (disorder) 

S-1078001000000105 - Haemorrhagic stroke 

(disorder) 

S-230690007 - Cerebrovascular accident (disorder) 

S-266257000 - Transient ischemic 

attack (disorder) 

S-266257000 - Transient ischemic attack (disorder) 

S-49049000 - Parkinson's disease 

(disorder) 

S-49049000 - Parkinson's disease (disorder) 

S-24700007 - Multiple sclerosis 

(disorder) 

S-24700007 - Multiple sclerosis (disorder) 

S-84757009 - Epilepsy (disorder)  S-352818000 - Tonic-clonic epilepsy (disorder) 

S-19598007 - Generalized epilepsy (disorder) 

S-230456007 - Status epilepticus (disorder) 

S-509341000000107 - Petit-mal epilepsy (disorder) 

S-84757009 - Epilepsy (disorder) 

S-37796009 - Migraine (disorder) S-37796009 - Migraine (disorder) 

S-4473006 - Migraine with aura (disorder) 

S-56097005 - Migraine without aura (disorder) 

S-53741008 - Coronary 

arteriosclerosis (disorder) 

S-810681000000101 - Coronary microvascular 

disease (disorder) 

S-53741008 - Coronary arteriosclerosis (disorder) 

S-49436004 - Atrial fibrillation 

(disorder) 

S-49436004 - Atrial fibrillation (disorder) 

S-40055000 - Chronic sinusitis 

(disorder) 

S-40055000 - Chronic sinusitis (disorder) 

S-24526004 - Inflammatory bowel 

disease (disorder) 

S-24526004 - Inflammatory bowel disease (disorder) 

S-397173003 - Crohn's disease of intestine (disorder) 

S-64766004 - Ulcerative colitis (disorder) 

S-328383001 - Chronic liver disease 

(disorder) 

S-328383001 - Chronic liver disease (disorder) 

S-76783007 - Chronic hepatitis (disorder) 

S-79720007 - Chronic nonalcoholic liver disease 

(disorder) 
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S-713181003 - Chronic alcoholic liver disease 

(disorder) 

S-9014002 - Psoriasis (disorder) S-9014002 - Psoriasis (disorder) 

S-43116000 - Eczema (disorder) S-43116000 - Eczema (disorder) 

S-3723001 - Arthritis (disorder) S-69896004 - Rheumatoid arthritis (disorder) 

S-399112009 - Seronegative arthritis (disorder) 

S-35908007 - Chronic arthritis (disorder) 

S-11939005 - Acute arthritis (disorder) 

S-3723001 - Arthritis (disorder) 
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1

STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported
4,5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods
Study design 4 Present key elements of study design early in the paper 5,6
Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection
5,6

(a) Cohort study—Give the eligibility criteria, and the sources and 
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and 
methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and 
methods of selection of participants

5Participants 6

(b) Cohort study—For matched studies, give matching criteria and 
number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the 
number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

6-8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods 
of assessment (measurement). Describe comparability of assessment 
methods if there is more than one group

6-8

Bias 9 Describe any efforts to address potential sources of bias 6-9
Study size 10 Explain how the study size was arrived at 5,6
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 

applicable, describe which groupings were chosen and why
6-8

(a) Describe all statistical methods, including those used to control for 
confounding

8,9

(b) Describe any methods used to examine subgroups and interactions 8,9
(c) Explain how missing data were addressed 8,9
(d) Cohort study—If applicable, explain how loss to follow-up was 
addressed
Case-control study—If applicable, explain how matching of cases and 
controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking 
account of sampling strategy

8,9

Statistical methods 12

(e) Describe any sensitivity analyses 8,9
Continued on next page
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2

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, completing 
follow-up, and analysed

10

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders

10

(b) Indicate number of participants with missing data for each variable of interest

Descriptive 
data

14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures 
of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures 9-13
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included

9-13

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

Supp

Discussion
Key results 18 Summarise key results with reference to study objectives 13,14
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 

imprecision. Discuss both direction and magnitude of any potential bias
16

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

13-
17

Generalisability 21 Discuss the generalisability (external validity) of the study results 16,17

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
18

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and 
unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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