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ABSTRACT

Objectives The objective of this study is to use latent
class analysis of up to 20 comorbidities in patients with
a diagnosis of ischaemic heart disease (IHD) to identify
clusters of comorbidities and to examine the associations
between these clusters and mortality.

Methods Longitudinal analysis of electronic health
records in the health improvement network (THIN), a UK
primary care database including 92 186 men and women
aged =18 years with IHD and a median of 2 (IQR 1-3)
comorbidities.

Results Latent class analysis revealed five clusters with
half categorised as a low-burden comorbidity group.
After a median follow-up of 3.2 (IQR 1.4-5.8) years,
17645 patients died. Compared with the low-burden
comorbidity group, two groups of patients with a high-
burden of comorbidities had the highest adjusted HR

for mortality: those with vascular and musculoskeletal
conditions, HR 2.38 (95% Cl 2.28 to 2.49) and those
with respiratory and musculoskeletal conditions, HR 2.62
(95% Cl 2.45 to 2.79). Hazards of mortality in two other
groups of patients characterised by cardiometabolic and
mental health comorbidities were also higher than the
low-burden comorbidity group; HR 1.46 (95% Cl 1.39 to
1.52) and 1.55 (95% CI 1.46 to 1.64), respectively.
Conclusions This analysis has identified five distinct
comorbidity clusters in patients with IHD that were
differentially associated with risk of mortality. These
analyses should be replicated in other large datasets,
and this may help shape the development of future
interventions or health services that take into account
the impact of these comorbidity clusters.

INTRODUCTION

Comorbidities, the presence of one or more chronic
health condition, among patients with heart disease
are becoming increasingly common because of
reduced rates of ischaemic heart disease (IHD) case
fatality and increased life expectancy.' > This places
greater pressure on healthcare systems because
of the high use of services, ensuing costs and the
complexity of managing the healthcare of heart
disease patients with many different chronic condi-
tions.” A systematic review has shown that among
those with IHD, a greater burden of comorbidities,
as measured using the Charlson comorbidity index
(CCI), was associated with greater risk of mortality.*
This is further supported by studies of patients who
had a myocardial infarction (MI) with a smaller
number of comorbidities such as cardiometabolic
diseases.’

While evidence for the impact of a greater
burden of comorbidities in patients with IHD on
survival is compelling, most studies have used
only simple methods to account for the burden
of comorbidities. These include the use of a single
additive or weighted score such as CCI to quantify
the comorbidities,* or combinations of comorbid
conditions.’ ® Some of these methods do not distin-
guish between the same number but different types
of comorbidities and will be limited in providing
information about underlying pathophysiology that
may help optimise interventions in certain groups
of patients.” ® Cluster-based approaches may iden-
tify specific patterns of comorbidities associated
with higher mortality, but few studies have under-
taken such analyses. A recent latent class analysis
among MI survivors showed the pattern of comor-
bidities defined as a high comorbidity cluster with
coexisting heart failure, peripheral vascular disease
(PVD), hypertension and chronic renal failure
had the shortest long-term survival.” This analysis
included a large sample size, had a long follow-up
and included seven major comorbidities: cerebro-
vascular disease, chronic obstructive pulmonary
disease (COPD) or asthma, diabetes, heart failure,
hypertension, renal failure and PVD. However, the
effect of other comorbidities such as mental health
and musculoskeletal conditions that are common
in patients with heart disease' has not been exam-
ined before using this data-driven approach. The
health improvement network (THIN) database
includes general practice (GP) records of 15 million
UK patients and offers the opportunity to examine
patterns of a number of comorbidities.

The objective of this study is to use latent class
analysis of up to 20 comorbidities in patients with a
diagnosis of IHD to identify clusters of comorbidi-
ties and to examine the associations between these
clusters and mortality.

METHODS

This study was a large open cohort design using
THIN primary care database that contains health
records for more than 15 million patients from over
750 GP surgeries in the UK. The distribution of
age, sex, prevalence of major medical conditions
and mortality rates in the THIN cohort is gener-
alisable to the UK population.'® Diagnoses in the
THIN database are recorded using a hierarchical
system called Read codes, which are terms or short
phrases used to describe a health-related concept in
GP records."!
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Study population

All data included in this study were from practices that met the
acceptable mortality reporting and acceptable computer usage
standards—measures of quality assurance for THIN data,'* 3
Patients aged 18 years and older who were registered with a
THIN practice contributing data from 1 January 2005 with an
incident diagnosis of IHD from 1 January 2005 to 1 January
2015 were included. Person-years of follow-up were calculated
from the date of diagnosis of IHD up to whichever came first:
exit from the THIN database (transferred practice or died), the
last date practice data was collected or 2 December 2015 (study
end date).

IHD and comorbidity ascertainment

Primary care Read codes were used to identify incident diag-
noses of IHD, which includes angina, IHD and MI (see online
supplementary table 1). The presence of comorbidities among
patients with IHD was defined as having a diagnosis of any of
20 different comorbidities before the diagnosis of IHD. The 20
comorbidities included other cardiovascular conditions (atrial
fibrillation, heart failure, hypertension, PVD or stroke and
transient ischaemic attack); respiratory conditions (asthma and
COPD); musculoskeletal conditions (osteoarthritis, osteoporosis
and rheumatoid arthritis); neurological conditions (dementia
and epilepsy); endocrine diseases (diabetes and hypothyroidism);
mental health conditions (anxiety, depression and severe mental
illness); cancer; kidney disease; and chronic liver disease. The
Read codes used for diagnoses of conditions were taken from
the Annual Quality and Outcomes Framework (introduced in
2004 for primary care), additional codes identified by searching
medical dictionary keywords and online clinical code reposi-
tories.'* Kidney disease was defined on the basis of estimated
glomerular filtration rate (eGFR) <60mL/min/1.73 m* eGFR
was calculated using the Modification of Diet in Renal Disease
equation (without the black ethnicity coefficient) from the most
recent serum creatinine measurement before the diagnosis of
IHD."

Patient and public involvement

Patients or the public were not involved in setting the research
question or the outcome measures, nor were they involved in
developing plans for design or implementation of the study.
They were not asked to advise on interpretation or writing up
of results. There are no plans to disseminate the results of the
research.

Statistical analysis

Latent class analysis was conducted using the 20 comorbidities
as observed indicators (see online supplementary text 1). Latent
class models with two to eight latent classes (clusters) were
assessed and a model with five clusters was chosen (see online
supplementary table 2). Each individual was assigned to one
of the clusters according to their highest computed probability
of membership (see online supplementary table 3). Each of the
comorbidity clusters was labelled according to the prevalence of
comorbidities.

Cox regression models were used to estimate HRs and 95%
CIs of mortality for the five disease clusters using the lowest
comorbidity disease cluster as the reference category. Analyses
were adjusted for age, sex, quintiles of socioeconomic group
(based on Townsend deprivation score), BMI (<22.5, 22.5-
24.9, 25-27.49, 27.5-29.9, 30-32.49, 32.5-34.9 and =35kg/
m?) and smoking status (non-smoker, former smoker and current

smoker). To account for similarity of outcomes within practices,
statistical inference from the Cox regression model was based
on cluster-robust standard errors. Smoking status, socioeco-
nomic group and BMI could be missing. To ensure that the same
patients were being compared in all analyses, the patients with
a missing value for each particular variable were assigned to a
separate category for that variable and included in the regression
analysis.

In the subgroup analysis, heterogeneity in the associations
across the subgroups of patients according to sex, age at IHD
diagnosis (<65vs =65 years), smoking status (non-smoker vs
former or current smoker), socioeconomic group (quintiles) and
BMI (<25 vs =25 kg/m?) was assessed using a standard x” test.
In sensitivity analysis, patient numbers were restricted to those
with complete data on BMI, smoking status and socioeconomic
group. An additional analysis was conducted among those with
a diagnosis of MI.

All statistical analyses were performed using Stata statistical
software V.15. Two-sided p values <0.05 were considered statis-
tically significant.

RESULTS

There were 57088 men and 35098 women with an incident
diagnosis of THD included (table 1). Mean age at diagnosis of
ITHD was 67 (SD 13) years and the median number of comor-
bidities was 2 (IQR 1-3). Overall, 84% had one or more comor-
bidities and 62% had two or more comorbidities (see online
supplementary figure 2). The distribution of the 20 comorbidi-
ties by the five disease clusters are shown in online supplementary
table 4. Cluster 1 (51.4% of patients) was characterised by a low
burden of comorbidities; cluster 2 (cardiometabolic; 20.5% of
patients) was dominated by a high proportion of cardiovascular
(98%) and endocrine conditions (46%). All patients in cluster 3
(mental health; 11.9% of patients) had a mental health condi-
tion. Cluster 4 (high-burden musculoskeletal cardiovascular;
13.1% of patients) had high proportions of coexisting cardio-
vascular (94%) and musculoskeletal (62%) conditions. They also
had a higher prevalence of dementia (8%) and cancer (18%). All
patients in cluster 5 (high-burden musculoskeletal respiratory;
3.1% of patients) had a respiratory condition and over half had
a musculoskeletal condition (51%). They also had a moderate
prevalence of mental health conditions (37%) (figure 1).

Table 1 compares the characteristics of patients with IHD and
details of their follow-up for the five comorbidity clusters. Those
in the low comorbidity cluster (cluster 1), were younger (63
years), and more likely to be men (72%), be in the least deprived
socioeconomic group, and were the least likely to be prescribed
medication for CVD. Individuals with cardiometabolic condi-
tions (cluster 2) had the highest average BMI (29kg/m*) and
systolic blood pressure (141 mm Hg) and were more likely to be
prescribed lipid-lowering medication (60%), antihypertensives
(92%) and aspirin (50%). Those with mental health conditions
(cluster 3) had the highest percent of women (56%). Individuals
in the musculoskeletal cardiovascular cluster (cluster 4) had the
highest mean number of comorbidities (4.6), were the oldest (77
years), had the highest proportion of non-smokers (50%) and
were more likely to be prescribed anticoagulants (19%) and anti-
platelet therapy (10%). The musculoskeletal respiratory cluster
(cluster 5) had the lowest proportion of non-smokers (13%), the
highest proportion of former (56%) and current smokers (31%)
and individuals in the most deprived socioeconomic group.

After a median of 3.2 (IQR 1.4-5.8) years of follow-up after
a diagnosis of IHD, 17645 patients died (table 2). Survival was
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Table 1 Baseline characteristics of the five comorbidity phenotypes at the time of diagnosis of ischaemic heart disease
Baseline characteristics of the five comorbidity phenotypes at the time of diagnosis of ischaemic heart disease.
High-burden High-burden
musculoskeletal musculoskeletal
Low Cardio-metabolic ~ Mental health  vascular respiratory P Overall
n 47413 18876 10986 12049 2862 92186
Comorbidities, median (IQR) 1(0to2) 3(Qto3) 4(3to05) 4 (4105) 4(3t05) 2(1t03)
Comorbidities, mean (SD) 1.0 (0.8) 2.9(0.9) 3.9(1.4) 4.6 (1.5) 4.3(1.6) <0.001 2.3(1.8)
Age (years) 62.6 (12.0) 70.6 (10.9) 63.7 (12.2) 77.5(10.0) 71.0 (9.9) <0.001 66.6 (12.7)
BMI (kg/m?), mean (SD) 275 (4.9) 29.1 (5.6) 28.6 (6.0) 27.7(5.7) 26.7 (5.8) <0.001 28.0 (5.4)
Systolic blood pressure (nmHg), 137.4(17.9) 141.0 (18.8) 136.7 (18.2) 136.3(19.7) 136.3 (19.0) <0.001 137.9(18.5)
mean (SD)
Women, n (%) 13374 (28.2%) 7793 (41.3%) 6133 (55.8%) 6559 (54.4%) 1239 (43.3%) <0.001 35098 (38.1%)
Smoking, n (%) <0.001
Non-smoker 19384 (40.9%) 9282 (49.2%) 4143 (37.7%) 6059 (50.3%) 372 (13.0%) 39240 (42.6%)
Former 14528 (30.6%) 7101 (37.6%) 3482 (31.7%) 4616 (38.3%) 1599 (55.9%) 31326 (34.0%)
Current 12674 (26.7%) 2440 (12.9%) 3322 (30.2%) 1290 (10.7%) 887 (31.0%) 20613 (22.4%)
Missing 827 (1.7%) 53 (0.3%) 39(0.4%) 84 (0.7%) 4(0.1%) 1007 (1.1%)
Socioeconomic group, n (%) <0.001
Least deprived 11330 (23.9%) 4104 (21.7%) 1982 (18.0%) 2526 (21.0%) 397 (13.9%) 20339 (22.1%)
2 10177 (21.5%) 3999 (21.2%) 2001 (18.2%) 2558 (21.2%) 461 (16.1%) 19196 (20.8%)
3 9127 (19.3%) 3754 (19.9%) 2173 (19.8%) 2334 (19.4%) 589 (20.6%) 17977 (19.5%)
4 7697 (16.2%) 3209 (17.0%) 2203 (20.1%) 2136 (17.7%) 641 (22.4%) 15886 (17.2%)
Most deprived 5302 (11.2%) 2145 (11.4%) 1869 (17.0%) 1535 (12.7%) 532 (18.6%) 11383 (12.4%)
Missing 3780 (8.0%) 1665 (8.8%) 758 (6.9%) 960 (8.0%) 242 (8.5%) 7405 (8.0%)
Medications
Lipid lowering drugs 17599 (37.1%) 11396 (60.4%) 5217 (47.5%) 6079 (50.5%) 1250 (43.7%) <0.001 41541 (45.1%)
Antihypertensives 24708 (52.1%) 17381 (92.1%) 7730 (70.4%) 10436 (86.6%) 2058 (71.9%) <0.001 62313 (67.6%)
Aspirin 15701 (33.1%) 9369 (49.6%) 4449 (40.5%) 5410 (44.9%) 1115 (39.0%) <0.001 36044 (39.1%)
Oral anticoagulants 774 (1.6%) 581 (3.1%) 295 (2.7%) 2299 (19.1%) 183 (6.4%) <0.001 4132 (4.5%)
Antiplatelet therapies 3385 (7.1%) 1619 (8.6%) 934 (8.5%) 1157 (9.6%) 236 (8.3%) <0.001 7331 (8.0%)

SBP was available for 91219 individuals, and BMI was available for 83230 individuals.

BMI, body mass index.

lowest in clusters 4 and 5, moderate for the cardiometabolic
(cluster 2) and mental health (cluster 3) clusters and highest in
the low-burden disease cluster (cluster 1) (figure 2). Survival
curves for the disease clusters adjusted for age are shown in

online supplementary figure 3. After adjusting for age, sex, BMI,
smoking and socioeconomic group, the hazard of mortality in
all four of the comorbidity clusters was significantly greater
than the low comorbidity cluster. The hazard for mortality for
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Figure 1  Cumulative percentage of groups of comorbidities according to comorbidity phenotype at the time of diagnosis of ischaemic heart disease.
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== Low comorbidity
o (chster 1)

(cluster 2)

Proportion survival

MSK-respiratory
(cluster 5)
MSK-

cardiovascular
(cluster 4)

0 2 4
Survival time (years)

Numbers at risk 0 2 4 6 8

Low 47413 32,889 21536 12342 5258
Cardio-metabolic 18,876 12,564 8,013 4,546 1877
Mental health 10,986 7.038 4365 2451 1,045
MSK-cardiovascular 12,049 6452 3,505 1,693 624

MSK-respiratory 2.862 1.664 912 479 172

Figure 2 Long-term survival according to comorbidity phenotypes.
Unadjusted Kaplan-Meier curves with 95% Cl according to comorbidity
phenotype (MSK: musculoskeletal).

both cardiometabolic (cluster 2) and mental health (cluster 3)
was about 50% greater than the low comorbidity cluster: HR
1.46 (95% CI 1.39 to 1.52) and 1.55 (95% CI 1.46 to 1.64),
respectively. Patients with IHD in the high burden musculoskel-
etal cardiovascular (cluster 4) and musculoskeletal respiratory
(cluster 5) clusters had more than twice the hazard of dying
compared with the low comorbidity cluster: HR 2.38 (95% CI
2.28 to 2.49) and 2.62 (95% CI 2.45 to 2.79), respectively.

In subgroup analysis, the hazard of mortality for each of the
four comorbidity clusters was higher among younger (<65
years) than older patients (=65 years). Younger patients in the
musculoskeletal cardiovascular (cluster 4) and the musculo-
skeletal respiratory cluster (cluster 5) had three to four times
(HR 3.95, 95%CI 3.42 to 4.58 and 3.21, 95% CI 2.71 to 3.80,
respectively) the hazard of dying of the low comorbidity cluster.
The HR for the four comorbidity clusters was generally higher
among men than women (p heterogeneity <0.0001), those with
a higher versus a lower BMI (p heterogeneity=0.013) and those
with a longer follow-up time (p heterogeneity <0.0001). There
was no strong evidence for a difference in the HR for the four
comorbidity clusters by smoking status (p heterogeneity=0.069)
or socioeconomic group (p heterogeneity=0.091).

In analyses where the hazard of mortality was assessed for
each of the individual comorbidities (see online supplementary
table 5), having a diagnosis of dementia was associated with the
highest hazards of mortality (HR 2.13, 95%CI 1.96 to 2.32),
followed by heart failure (HR 1.91, 95%CI 1.82 to 2.00) and
chronic liver disease (HR 1.91, 95%CI 1.65 to 2.20). In sensi-
tivity analysis, inclusion of only patients with complete data on
smoking, BMI and socioeconomic group made minimal differ-
ence to the associations of the disease clusters with hazard of
mortality (see online supplementary table 6). Mortality was
slightly higher in all disease clusters when only patients who had
a MI were included in the analysis.

DISCUSSION

In this large cohort of patients with heart disease, in which more
than 809% had at least one other long-term health condition and
over 60% had two or more comorbidities, we identified five
comorbidity clusters that were differentially associated with the
risk of dying. Patients with a high-burden musculoskeletal cardio-
vascular (cluster 4) and a high-burden musculoskeletal respira-
tory (cluster 5) phenotype had the greatest risk of mortality. [HD

patients with a cardiometabolic or mental health comorbidity
phenotype had a moderately elevated risk of mortality compared
with those in the low comorbidity cluster.

A previous large cohort study examined the risk of mortality
of hospitalised MI survivors according to comorbidity pheno-
types identified using latent class analysis.” Only seven comor-
bidities were considered and median follow-up was 2.3 years.
By contrast, we included all patients with IHD, considered 20
comorbidities and had a slightly higher median follow-up time
of 3.2 years. They identified three clusters, with the greatest risk
of mortality characterised by a history of heart failure, PVD,
renal failure and hypertension. These were common comorbid-
ities in the two high-burden clusters (clusters 4 and 5) in our
analysis. The exact mechanisms by which the different group-
ings of comorbidities affect the risk of mortality are likely to be
complex and multifaceted but will probably include both the
direct effect of a particular condition on mortality and indi-
rect effects arising from the use of less intensive therapies in
patients with certain comorbidities’ as our results have also
demonstrated.

There is a paucity of studies examining the coexistence of
cardiovascular, respiratory and musculoskeletal conditions with
mortality in patients with IHD; however, others have reported
that patients with a high prevalence of both cardiovascular and
musculoskeletal conditions have higher mortality compared
with those without any major disease conditions.'® Furthermore,
other studies have shown that patients with COPD have a high
prevalence of other cardiovascular comorbidities'” or go on to
be diagnosed with them.'® ¥ Musculoskeletal conditions such as
osteoarthritis and IHD share some common risk factors such as a
higher BMI and physical inactivity,” and patients with CVD and
comorbid arthritis have reduced capacity for exercise compared
with those without comorbidity.?' Likewise, COPD and ITHD
share several major risk factors (eg, age, physical inactivity and
smoking) and common pathophysiological pathways such as
inflammation.?? The combination of cardiovascular, respiratory
and musculoskeletal diseases may lead to increased mortality by
contributing to the progression of frailty in these patients™ ** but
more research on the effects of comorbidity patterns and frailty
is needed to support this.

A systematic review has shown that in terms of multimor-
bidity clustering, two clusters—the cardiometabolic and
mental health—are identified using a number of different
statistical approaches.® In this analysis, these clusters were
associated with a moderately increased mortality risk. Mental
health conditions such as depression and anxiety are frequent
comorbid diagnoses in patients with heart disease.' Patients
with depression have an elevated risk of IHD partly due to the
greater presence of risk factors, such as smoking and obesity,
as our results have shown, but there may be other mechanisms
involved.”

This analysis has highlighted the importance of common risk
factors such as smoking and obesity that predispose patients to
a number of different diseases and further understanding of the
major determinants of these comorbidity clusters will be useful.
We have identified groups of patients with a certain combina-
tion of diseases who have a higher risk of dying. If others iden-
tify these clusters and find them to be associated with higher
mortality rates, then there may be a need to identify and target
these complex groups of patients with coordinated multidis-
ciplinary interventions in both primary and secondary care
settings.
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Strengths and limitations
Strengths of this study include a large sample size and the inclu-
sion of 20 different comorbidities that were taken from diag-
noses recorded in primary care rather than self-reported, which
has the tendency to overestimate the presence of certain health
conditions.”® Patients in THIN are broadly representative of the
UK population and so these results are should be generalisable.
Limitations include the possible overdiagnosis of IHD due to
the extensive list of Read codes used. We examined comorbidities
that were diagnosed before IHD but did not take into account
the order of diagnosis of each condition. Analyses that make
use of network analysis®” and disease trajectories™ may provide
further insights into both the prevention and management of
different comorbid clusters. Furthermore, we used an approach
where the clusters were identified based on the probability
of belonging to a group with similar combinations of comor-
bidities. A potential limitation of this method was that cluster
membership was decided deterministically using posterior prob-
abilities of belonging to the different classes. Although patients
were allocated to mutually exclusive groups based on the highest
observed probability of membership, some patients could belong
to a different cluster where the probabilities differed by only a
small amount. There is a lack of consensus over the criteria used
to select the optimal number of clusters; however, as suggested
by others,® we have based our decision on at least two criteria
and have attempted to justify our choice where they conflicted.
If a three-cluster solution was chosen over a five-cluster solution,
we may have missed identifying the two clusters with the highest
mortality rates. While this method helped to identify the most
common clusters of comorbidities, which may be useful if devel-
oping specific clinics for these patients,” methods that cluster
patients according to an outcome such as hospital admissions
(outcome-guided) may be better at identifying the combination
of comorbidities that are associated with the greatest burden on
healthcare services.” It is also important to develop a consensus

What is already known on this subject?

» A greater burden of comorbidities in patients with heart
disease increases their risk of dying.

» Most studies have not distinguished between heart disease
patients with varying patterns of comorbidities.

What might this study add?

» Two groups of patients with a high burden of comorbidities
had the highest risk of mortality: those with vascular and
musculoskeletal conditions, HR 2.38 (95% Cl 2.28 to 2.49)
and those with respiratory and musculoskeletal conditions,
HR 2.62 (95% Cl 2.45 to 2.79) compared with a low-burden
comorbidity group.

» Hazards of mortality in two other groups of patients
characterised by cardiometabolic and mental health
comorbidities were moderately higher than the low-burden
comorbidity group; HR 1.46 (95% Cl 1.39 to 1.52) and 1.55
(1.46 to 1.64), respectively.

How might this impact on clinical practice?

» This research may help shape the development of future
interventions or health services that take into account the
impact of these comorbidities in patients with ischaemic
heart disease.

in the methods used to derive the patterns of comorbidities so
that the effect of comorbidity phenotypes can be compared
between studies.” Future studies might also test whether high-
burden comorbidity clusters are better predictors of mortality or
emergency admissions than high-burden comorbidity counts.*

CONCLUSION

This analysis has identified five distinct comorbidity clusters
in patients with IHD that were associated with varying risk of
mortality. These analyses should be replicated in other large
datasets, and this may help shape the development of future
interventions or health services that take into account the impact
of these comorbidity clusters.
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