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ABSTRACT
Objectives Older adults have a higher degree of 
multimorbidity, which may adversely affect longer term 
outcomes from non- ST elevation acute coronary syndrome 
(NSTE- ACS). We investigated the impact of multimorbidity on 
cardiovascular outcomes 5 years after invasive management 
of NSTE- ACS.
Design Prospective cohort study.
Setting Multicentre study conducted in the north of England.
Participants 298 patients aged ≥75 years with NSTE- ACS 
and referred for coronary angiography, with 264 (88.0%) 
completing 5- year follow- up.
Main outcome measures Multimorbidity was evaluated at 
baseline with the Charlson comorbidity index (CCI). The primary 
composite outcome was all- cause mortality, myocardial 
infarction, stroke, urgent repeat revascularisation or significant 
bleeding.
Results Mean age was 80.9 (±6.1) years. The cohort median 
CCI score was 5 (IQR 4–7). The primary composite outcome 
occurred in 48.1% at 5 years, at which time 31.0% of the 
cohort had died. Compared with those with few comorbidities 
(CCI score 3–5), a higher CCI score (≥6) was positively 
associated with the primary composite outcome (adjusted 
HR (aHR) 1.64 (95% CI 1.14 to 2.35), p=0.008 adjusted for 
age and sex), driven by an increased risk of death (aHR 2.20 
(1.38 to 3.49), p=0.001). For each additional CCI comorbidity, 
on average, there was a 20% increased risk of the primary 
composite endpoint at 5 years (aHR 1.20 (1.09 to 1.33), 
p<0.001).
Conclusions In older adults with NSTE- ACS referred for 
coronary angiography, the presence of multimorbidity is 
associated with an increased risk of long- term adverse 
cardiovascular events, driven by a higher risk of all- cause 
mortality.
Trial registration number NCT01933581;  ClinicalTrials. 
gov.

INTRODUCTION
The older adult population has an increasing 
incidence of acute coronary syndrome 

(ACS),1 particularly non- ST elevation 
ACS (NSTE- ACS).2 The presentation and 
management of ACS in older adults can be 
complex, especially in the context of multi-
morbidity, which is the presence of two or 
more chronic medical conditions.3 The prev-
alence of multimorbidity is increasing due to 
successful public health lifestyle campaigns 
and improved disease survival.4 In the UK, 
over 97% of older adults with cardiovascular 
disease have one additional chronic health 
condition, and over 70% of patients have 
three or more.5

The European Society of Cardiology 
(ESC) and American Heart Association both 
recommend an individualised management 
approach in older patients.6 7 Multimor-
bidity has been shown to be associated with 
adverse outcomes in patients with NSTE- ACS 
up to 3 years.8 9 However, we lack data to 
inform the optimal management strategy and 
longer term prognosis of older adults with 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study includes older, mainly frail or prefrail, 
multimorbid, high- risk patients who are usually ex-
cluded from cardiovascular research.

 ⇒ This study is a cohort study with a long prospec-
tive follow- up, with previous studies on the subject 
either being registry studies, studies with shorter 
follow- up or studies of younger adults.

 ⇒ All patients in the current study had already been 
referred for coronary angiography after presenting 
with non- ST elevation acute coronary syndrome 
at the referring hospital; therefore, we do not cap-
ture patients who are treated with a conservative 
strategy.
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multimorbidity that present with NSTE- ACS and receive 
an invasive management strategy.10–13 ESC guidelines 
highlight this important gap in evidence.6 As the popu-
lation ages, the proportion of these older patients with 
multiple chronic conditions and ACS will continue to 
increase, and data are needed to inform decision- making 
and discussions with patients and their families.

We hypothesised that more significant multimorbidity 
was associated with an increased incidence of the primary 
composite outcome. In this study, we examined the asso-
ciation between multimorbidity and long- term outcomes 
in older adults presenting with NSTE- ACS who under-
went an invasive management strategy, in a prospective 
cohort study.

METHODS
Study design
This is an extended follow- up analysis of The Improve 
Cardiovascular Outcomes in High Risk PatieNts with 
Acute Coronary Syndrome (ICON1) study, a multicentre 
prospective cohort study of older patients with NSTE- ACS 
treated with an invasive management strategy. The study 
protocol has been described previously,14 and myocar-
dial infarction was defined by the universal definition of 
myocardial infarction.15 ICON1 study recruitment began 
in 2012 and ended in 2016, with this 5- year extension to 
follow- up completing in 2021. The study was prospec-
tively registered with the UK Clinical Research Network 
(UKCRN ID 12742) and  ClinicalTrials. gov.

Patient and public involvement
This analysis was conducted without any direct patient or 
Public involvement.

Study population
Three hundred older patients with NSTE- ACS who were 
referred for invasive angiography at two high- volume 
percutaneous coronary intervention (PCI) centres: 
Freeman Hospital, Newcastle on Tyne (receiving patients 
referred from six district hospitals, annual PCI proce-
dure volume approximately 3000 cases) and James Cook 
University Hospital, Middlesbrough (receiving patients 
referred from five district hospitals, annual PCI proce-
dure volume approximately 2500 cases) were recruited 
between November 2012 and December 2015 reflecting 
the population of the North of England.10 All patients 
underwent coronary angiography and received guideline- 
recommended management of NSTE- ACS. Exclusion 
criteria were cardiogenic shock, primary arrhythmia, 
coexisting significant valvular heart disease, malignancy 
with life expectancy ≤1 year, active infection and inability 
to provide informed consent. Patients with alternative 
diagnoses after coronary angiography were excluded.

Clinical data collection and assessment of multi-morbidity
Baseline data collection occurred during index presen-
tation and included patient demographics and medical 

history by members of the cardiovascular research team 
consisting of principal investigators, research fellows and 
research nurses. Laboratory blood tests were collected 
at the time of coronary angiography and results were 
obtained from the electronic medical record. Angio-
graphic details including arterial access site, procedural 
details, stent types were collected from the catheter 
laboratory reports. Medications prescribed at discharge 
from index hospitalisation were recorded from elec-
tronic hospital records. Participants were evaluated for 
frailty using the Fried criteria consisting of subjective and 
objective assessment of slowness, weakness, low physical 
activity, exhaustion and weight loss. Patients were consid-
ered robust if no criteria were met, prefrail if one or two 
criteria were met and frail if three or more criteria were 
met.16

Multimorbidity was assessed by experienced members 
of the research team using the Charlson comorbidity 
index (CCI) at baseline, a weighted index taking into 
account age and medical conditions.17 The overall CCI 
score is a sum of the scores for specified comorbidities 
and age. The score ranges from 0 to 37. Due to the age 
criterion (three points for age 70–79 years) and the 
study age inclusion criteria (≥75 years), the minimum 
CCI score of study participants was 3. There is no univer-
sally accepted cut point for the measurement of multi-
morbidity. Previous studies that predominately included 
younger patients used a CCI cut point of three to dichot-
omise (with a minimum included CCI of 0).18–20 There-
fore, in the cohort of older, frail patients included in this 
study in which three is the cohort minimum score, the 
cut- off was set at 3 above the minimum cohort score, so 
participants were stratified into two groups for analysis: 
CCI 3 to 5 and CCI ≥6.

Outcomes and follow-up
Five- year follow- up data were collected using the Summary 
Care Records (SCR), National Health Service Digital and 
tertiary centre hospital electronic patient records. SCR is 
an electronic record of important patient information, 
created from primary care physician medical records. The 
primary outcome was a composite of all- cause mortality, 
myocardial infarction, stroke or transient ischaemic 
attack, repeat unplanned revascularisation and signifi-
cant bleeding (defined as Bleeding Academic Research 
Consortium type 2 or greater).10 In participants where 
more than one component of the composite outcome 
occurred, time- to- first- event was used and all patients 
were censored at 5 years. The individual elements of the 
primary composite outcome were analysed separately as 
secondary outcomes.

Statistical analysis
Categorical data were analysed with Χ2 test where all 
predicted counts were higher than five. The distribu-
tion of variables was assessed using the Shapiro- Wilk test, 
with normality defined as p>0.05. Normally distributed 
variables are presented as mean and SD (±) and were 
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compared using independent samples test. Non- normally 
distributed variables are presented as median with IQR 
and compared using the Kruskall- Wallis one- way test of 
variance.

Kaplan- Meier survival analysis was performed to 
analyse the impact of multimorbidity on the incidence 
of the primary composite outcome at 5 years, with the 
Log- rank test for a statistically significant difference. Cox 
proportional HR was used to investigate the relationship 
between CCI and the incidence of the primary composite 
outcome at 5 years. HRs with 95% CIs are reported. Three 
a priori models were constructed. Model 1 is an unad-
justed univariate analysis. Model 2 was a multivariate anal-
ysis adjusted for age and sex. Model 3 was a multivariate 
analysis adjusted for age, sex and management strategy. 
A post hoc model was constructed to additionally control 
for Global Registry of Acute Coronary Events (GRACE) 
2.0 score (model 4).

To analyse the additive impact of increasing CCI score, 
a Cox proportional hazards regression model was used 
with CCI inputted as an ordinal variable, adjusted for age 
and sex. Statistical analysis was performed using SPSS 
Statistics V.27 (IBM Corporation). Statistical significance 
was defined as p<0.05.

RESULTS
Baseline characteristics
Overall, 264 patients (88.0%) out of the total 300 patients 
completed 5- year follow- up and are included in this 
extended follow- up analysis (figure 1). Of the total cohort, 
15 patients (5.4%) were lost to follow- up: 12 patients 
(4.3%) withdrew consent and 3 patients (1.1%) had inac-
cessible medical records. The median CCI score was 5 
(IQR 4–7, range 3 to 10) (online supplemental figure 1). 
The modal CCI score was 4 (25.0%). The mean age was 
80.9 (±6.1) years, and 102 patients (38.6%) were women 
(table 1). A total of 217 patients (82.5%) were either frail 
or prefrail. The burden of cardiovascular risk factors was 
higher in those with a CCI ≥6 compared with those with a 
CCI 3–5. The most prevalent risk factors were hypercho-
lesterolaemia (n=72, 69.2% vs n=80, 50.0%; p=0.002) and 
previous PCI (n=28, 26.9% vs n=26 (16.3%); p=0.043). 
There was no difference in the length of hospital stay in 
those with CCI ≥6 compared with those with a CCI 3 to 
5 (6.5 (IQR 5–9) days vs 6.0 (4–8) days, p=0.052). Those 
with CCI ≥6 had significantly lower mean values of haemo-
globin, higher mean creatinine, lower estimated glomer-
ular filtration rate and higher serum glucose compared 
with those with CCI 3 to 5 (p<0.001 for all).

There was little difference in prescription rates in 
cardiovascular medications at discharge from index 
hospitalisation between those with a CCI ≥6 and those 
with a CCI 3 to 5 (p>0.05, online supplemental table 1), 
other than a higher rate of long- acting nitrate (n=43, 
41.3% vs n=31, 19.4%, p<0.001) and nicorandil (n=24, 
23.1% vs n=19, 11.9%, p=0.02) in the patients with more 
multi- morbidity.

Clinical presentation, procedural and angiographic 
characteristics
Of 212 patients (80.3%) presented with non- ST eleva-
tion myocardial infarction and 52 (19.7%) with unstable 
angina (table 2). Following diagnostic coronary angiog-
raphy, 220 patients (83.3%) underwent PCI, 7 patients 
(2.7%) had coronary artery bypass grafting and 37 patients 
(14.0%) received medical management alone. There 
was no difference in the management strategy between 
those with CCI ≥6 and with a CCI 3 to 5 (p>0.05). There 
was no difference in the arterial access route (p=0.173), 
incidence of single- vessel (p=0.299) or multi- vessel PCI 
(p=0.772) between those with CCI ≥6 versu those with a 
CCI 3 to 5. A significantly higher proportion of patients 
with a CCI ≥6 received left main stem PCI compared 
with those with a CCI 3 to 5 (n=12, 11.5% vs n=5, 3.1%; 
p=0.007).

Outcome analysis
The primary composite outcome occurred in 127 patients 
(48.1%) at 5 years (table 3). Those with CCI ≥6 had a 
significantly higher incidence of the primary composite 
outcome compared with those with a CCI 3 to 5 (n=65, 
62.5% vs n=62, 38.8%, p<0.001). At 5 years, 82 patients 
(31.0%) had died, with a significantly higher mortality 
among those with a CCI ≥6 compared with those with a 
CCI 3 to 5 (n=49, 47.1% vs n=33, 20.6%; p<0.001).

On average, participants with a CCI score ≥6 had double 
the risk of the primary composite outcome compared with 
CCI score 3–5 (HR 2.09, 95% CI 1.47 to 2.96, p<0.001, 
table 4). This remained significant when adjusted for age 
and sex (HR 1.67, 95% CI 1.16 to 2.40, p=0.005), and 
when further adjusted for management strategy (HR 
1.64, 95% CI 1.14 to 2.35, p=0.007) and GRACE 2.0 score 
(HR 1.68, 95% CI 1.14 to 2.47, p=0.009).

The Kaplan- Meier cumulative event- free survival curve 
showed significant difference in the primary composite 
outcome at 5 years between participants scoring CCI 
≥6 versus CCI 3 to 5 (p<0.001, figure 2). In a truncated 
analysis, the curves separate at around 200 days (online 
supplemental figure 2).

The secondary outcome analysis detailed the associa-
tion between CCI and each individual component of the 
primary composite outcome (online supplemental tables 
2 and 3). Participants with CCI score ≥6 had an almost 
threefold increased risk of mortality compared with CCI 
score 3–5 (HR 2.83, 95% CI 1.82 to 4.41, p<0.001), a rela-
tionship that remained significant after adjustment for 
age, sex and management strategy (HR 2.20, 95% CI 1.38 
to 3.49, p=0.001). There was no statistically significant 
association between CCI category (3–5 vs CCI ≥6) and the 
occurrence of myocardial infarction, stroke, unplanned 
repeat revascularisation or significant bleeding.

After adjustment for age and sex, there was on average, 
a 20% increased risk of the primary composite endpoint 
for each additional CCI comorbidity (HR 1.20, 95% 
CI 1.09 to 1.33, p<0.001), and a 31% increased risk of 
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mortality for each additional comorbidity (HR 1.31, 95% 
CI 1.16 to 1.47, p<0.001).

DISCUSSION
This 5- year follow- up extension to the ICON1 study 
provides the longest prospective follow- up of the impact 
of multimorbidity on outcomes after invasive manage-
ment of NSTE- ACS in older adults. There are several 
key findings. In this cohort, there was a high level of 
multimorbidity among older adults undergoing invasive 
management of NSTE- ACS. The overall 5- year all- cause 
mortality in those with the highest burden of multi-
morbidity (CCI ≥6) approached 50%. Multimorbidity 
was strongly associated with an increased risk of the 

composite primary outcome, predominantly driven by 
an increased risk of mortality. In a stepwise way, with each 
additional comorbidity, the average risk of the primary 
composite outcome increased by 20%, and mortality by 
31%.

The majority of older patients referred for invasive 
management of NSTE- ACS in this cohort had a significant 
burden of multimorbidity: almost 9 out of 10 participants 
had at least one additional comorbidity as defined by the 
index. Although studies show that cardiovascular risk 
factors such as hypertension, hypercholesterolaemia and 
diabetes are often aggressively managed, there is growing 
evidence to suggest that the burden of non- cardiovascular 
comorbidities is also important in predicting mortality.18

Figure 1 Flow diagram of ICON1 screening, recruitment and 5 year follow- up. ACS, acute coronary syndrome; PCI, 
percutaneous coronary intervention.
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Table 1 Baseline characteristics stratified by CCI score

Total (n=264) CCI 3 to 5 (n=160) CCI ≥6 (n=104) P value

Demographics

Age, years 80.9 (±6.1) 79.6 (±5.3) 82.3 (±5.4) <0.001

Female, n (%) 102 (38.6) 62 (38.8) 40 (38.5) 0.962

Smoking status

  Current smoker 18 (6.8) 14 (8.8) 4 (3.8) 0.141

  Ex- smoker 134 (50.8) 74 (46.3) 60 (57.7) 0.078

  Never smoker 110 (41.7) 70 (43.8) 40 (38.5) 0.444

Clinical measures

BMI, kg m−2 26.9 (4.4) 26.9 (4.6) 27.0 (4.1) 0.915

GRACE 2.0 score 131.8 (19.3) 127.9 (17.7) 137.8 (20.1) <0.001

NYHA III or IV, n (%) 53 (20.0) 21 (13.1) 32 (30.7) 0.001

CCS III or IV, n (%) 39 (14.8) 22 (13.8) 17 (16.3) 0.383

Fried Frailty score, n (%)*

  Frail 70 (26.6) 32 (20.1) 38 (36.5) 0.008

  Pre- frail 147 (55.9) 94 (59.1) 53 (51.0)

  Robust 46 (17.5) 33 (20.8) 13 (12.5)

Presentation and management strategy

NSTEMI, n (%) 212 (80.3) 126 (78.8) 86 (82.7) 0.527

UA, n (%) 52 (19.7) 34 (21.3) 18 (17.3) 0.527

PCI, n (%) 220 (83.3) 137 (85.6) 83 (79.8) 0.239

CABG, n (%) 7 (2.7) 5 (3.1) 2 (1.9) 0.707

Medical management, n (%) 37 (14.0) 18 (11.3) 19 (18.3) 0.146

Length of hospital stay, day(s) 6.0(5.0) 6.0(4.0) 6.5(4.0) 0.052

Charlson co- morbidity index component, n (%)

Liver disease 0 (0) 0 (0) 0 (0) –

Diabetes 69 (26.1) 31 (19.4) 38 (36.5) 0.003

Moderate to severe renal disease 57 (21.6) 3 (1.9) 54 (51.9) <0.001

Previous MI 87 (33.0) 31 (19.4) 56 (53.8) <0.001

Congestive cardiac failure 24 (9.1) 3 (1.9) 21 (20.2) <0.001

Peripheral vascular disease 25 (9.5) 6 (3.8) 19 (18.3) <0.001

Previous cerebrovascular event 45 (17.0) 15 (9.4) 30 (28.8) <0.001

Rheumatological disease 4 (1.5) 1 (0.63) 3 (2.9) 0.341

Peptic ulcer disease 14 (5.3) 5 (3.1) 9 (8.7) 0.088

COPD 51 (19.3) 22 (13.8) 29 (27.9) 0.006

Solid organ malignancy

  Localised 25 (9.5) 3 (1.9) 22 (21.2) <0.001
–  Metastatic 0 (0) 0 (0) 0 (0)

Leukaemia 1 (0.38) 0 (0) 1 (0.96) –

Lymphoma 0 (0) 0 (0) 0 (0) –

Dementia 0 (0) 0 (0) 0 (0) –

AIDS or HIV 0 (0) 0 (0) 0 (0) –

Cardiac risk factors and past cardiac history, n (%)

Hypertension 193 (73.1) 110 (68.8) 83 (79.8) 0.064

Hypercholesterolaemia 152 (57.6) 80 (50.0) 72 (69.2) 0.002

Previous angina 116 (43.9) 63 (39.4) 53 (51.0) 0.076

Previous PCI 54 (20.5) 26 (16.3) 28 (26.9) 0.043

Continued
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The link between multimorbidity and adverse outcomes 
after ACS has been previously shown, with an incremental 
increase in the risk of death with increasing CCI score.21 
However, previous studies predominately included 
younger adults, over shorter follow- up periods, or include 
ST elevation myocardial infarction or elective PCI. To our 
knowledge, this is the first study to prospectively examine 
the impact of multimorbidity on long- term outcomes 
after invasive management of NSTE- ACS in a high- risk 
older patient group.

Clinical guidelines recommend a holistic, patient- 
centred approach when managing older adults with 
NSTE- ACS.6 7 Given population ageing, there is an 
increasing need for clinicians to incorporate assessment 
of comorbidity into their decision- making and have 
adequate information when communicating the asso-
ciated risks of adverse clinical outcomes with patients 
and their families. However, older, high- risk adults are 
under- represented in clinical research and, therefore, 
the evidence to guide decision- making is limited, which 
is reflected in the lack of specific guideline recommenda-
tions regarding patients with multimorbidity.10

In our study, patients with multimorbidity had a 62.5% 
increased risk of the primary composite outcome at 5 
years compared with those without, which was primarily 
driven by an increased incidence of all- cause death. In 
this long- term follow- up, it is interesting to note that the 
Kaplan- Meier curves separate early between the groups. 
A truncated 1- year analysis finds a graphical separation 
of the curves at around day 200 postangiography, with 
a statistically significant difference in the composite 
primary outcome at 1 year. A full 1- year analysis of the 
ICON- 1 cohort has been previously published.22 These 
findings suggest that the impact of multimorbidity begins 

to have an impact on patient outcomes soon after inva-
sive management of NSTE- ACS. Given that the patients in 
this study have been selected for an invasive rather than 
conservative approach by their treating clinician, our 
findings re- emphasise the importance of careful patient 
selection and risk–benefit decisions when considering 
the optimal approach for the oldest, most comorbid 
patients. Given these relatively early adverse outcomes, 
timely out- patient follow- up to ensure cardiovascular 
and non- cardiovascular comorbidities are appropriately 
managed may be prudent. This should include access to 
cardiac rehabilitation, particularly as older people are 
often relatively sedentary following ACS.23 24 In an anal-
ysis of the Myocardial Ischaemia National Audit Project 
registry, optimal care for ACS in those with multimor-
bidity was associated with improved long- term survival, 
with the interesting exception of those with heart failure 
and cerebrovascular disease.25 There is evidence that 
older patients with multimorbidity may cluster into 
different phenotypical groups depending on underlying 
conditions, with each multimorbidity phenotype having 
differing risk of cardiovascular disease, with the highest 
risk phenotypic cluster including heart failure, peripheral 
vascular disease and hypertension.26 In our study, in the 
most multimorbid patients (CCI ≥6), 20% had concur-
rent heart failure, 28.8% had cerebrovascular disease and 
79.8% had hypertension. The findings of this study lend 
weight to the argument that multimorbidity is a hetero-
geneous risk factor, and that more prospective data 
are needed to inform individualised care for the oldest 
patients presenting with NSTE- ACS.

The importance of the impact of cardiac interventions 
on health- related quality of life (HRQoL) is being increas-
ingly recognised in this older population—but is often 

Total (n=264) CCI 3 to 5 (n=160) CCI ≥6 (n=104) P value

Previous CABG 17 (6.4) 8 (5.0) 9 (8.7) 0.306

Atrial fibrillation 40 (15.2) 20 (12.5) 20 (19.2) 0.161

Family history of IHD 77 (29.2) 50 (31.3) 27 (26.0) 0.407

Laboratory tests

Haemoglobin, g L−1 13.0 (±1.9) 13.5 (±1.9) 12.2 (±1.7) <0.001

Creatinine, μmol L−1 102.9 (±34.2) 92.1 (±23.5) 119.4 (±41.0) <0.001

Estimated GFR, mL min−1 1.73 m−2 52.6 (±18.4) 57.9 (±17.9) 44.5 (±16.1) <0.001

Glucose, mmol L−1 6.5(3.0) 6.2(2.3) 7.4(4.6) <0.001

Total cholesterol, mmol L−1 4.0(1.6) 4.2(1.6) 3.9(1.7) 0.417

Peak troponin, ng L−1 113.5(372.3) 121.0(415.0) 87.0(311.5) 0.588

High- sensitivity CRP, mg L−1 4.0(8.0) 3.7(7.6) 4.2(8.3) 0.340

Normally distributed continuous variables are reported as mean (±SD), non- normally distributed continuous variables are reported as 
median (IQR). Statistically significant results (p≤0.05) are displayed in bold.
*One patient had missing Fried Frailty data.
BMI, body mass index; CABG, coronary artery bypass graft; CCI, Charlson comorbidity index; CCS, Canadian Cardiovascular Society 
angina score; COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; GFR, glomerular filtration rate; GRACE, Global 
Registry of Acute Coronary Events; MI, myocardial infarction; NYHA, New York Heart Association score; PCI, percutaneous coronary 
intervention; PVD, peripheral vascular disease; TIA, transient ischaemic attack.

Table 1 Continued
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reported to be poor by older adults following NSTE- ACS.27 
In a large national longitudinal cohort study, increasing 
comorbidity was associated with worsening HRQoL.28 
The large increase in the risk of death at 5 years that 
we show suggests that the primary focus in older adults 
with significant multimorbidity and NSTE- ACS should 

be on interventions that also provide benefits in quality 
of life. Given the paucity of existing evidence, there is 
need for randomised trials in older people with comor-
bidities to guide the most appropriate management strat-
egies and allow honest, patient- centred discussions about 
the goals of management. The on- going British Heart 

Table 2 Clinical presentation, procedural and angiographic characteristics stratified by CCI score

Total (n=264) CCI 3 to 5 (n=160) CCI ≥6 (n=104) P value

Presentation and management strategy

NSTEMI, n (%) 212 (80.3) 126 (78.8) 86 (82.7) 0.527

UA, n (%) 52 (19.7) 34 (21.3) 18 (17.3) 0.527

PCI, n (%) 220 (83.3) 137 (85.6) 83 (79.8) 0.239

CABG, n (%) 7 (2.7) 5 (3.1) 2 (1.9) 0.707

Medical management, n (%) 37 (14.0) 18 (11.3) 19 (18.3) 0.146

Procedural characteristics

Arterial access, n (%)

  Right femoral artery 36 (13.6) 24 (15.0) 12 (11.5) 0.173

  Right radial artery 224 (84.8) 134 (83.8) 90 (86.5)

  Left femoral artery 2 (0.8) 2 (1.3) 0 (0)

  Left radial artery 2 (0.8) 0 (0) 2 (1.9)

One vessel PCI, n (%) 160 (60.6) 101 (63.1) 59 (56.7) 0.299

Multi- vessel PCI, n (%) 61 (23.1) 59 (36.9) 45 (43.3) 0.772

Lesion to receive PCI, n (%)

  Left main stem 17 (6.4) 5 (3.1) 12 (11.5) 0.007

  Left anterior descending 127 (48.1) 82 (51.3) 45 (43.3) 0.205

  Left circumflex 71 (26.9) 46 (28.7) 25 (24.0) 0.399

  Right coronary artery 73 (27.7) 40 (25.0) 33 (31.7) 0.232

  Saphenous vein graft 3 (1.1) 3 (1.9) 0 (0) 0.160

Number of stents 1(1) 1(1) 1(1) n.s.

Type of stent, n (%) 0.429

  Drug eluting stent 209 (79.2) 130 (81.3) 79 (76.0)

  Bare metal stent 5 (1.9) 3 (1.9) 2 (1.9)

Duration of procedure, minutes 60.0(43) 60.0(41.0) 58.0(49.5) 0.304

Normally distributed continuous variables are reported as mean (±SD), non- normally distributed continuous variables are reported as 
median (IQR). Statistically significant results (p≤0.05) are displayed in bold.
CCI, Charlson comorbidity index; n.s., not significant; PCI, percutaneous coronary intervention.

Table 3 Five- year outcomes stratified by CCI score

Total (n=264) CCI 3 to 5 (n=160) CCI ≥6 (n=104) P value

Primary composite outcome, n (%) 127 (48.1) 62 (38.8) 65 (62.5) <0.001

Death 82 (31.0) 33 (20.6) 49 (47.1) <0.001

Myocardial infarction 36 (13.6) 17 (10.6) 19 (18.3) 0.077

Repeat unplanned revascularisation 33 (12.5) 18 (11.3) 15 (14.4) 0.446

Stroke 10 (3.8) 9 (5.6) 1 (1.0) 0.052

Significant bleeding* 27 (10.2) 13 (8.1) 14 (13.5) 0.162

Statistically significant results (p<0.05) are displayed in bold.
*Significant bleeding is defined as Bleeding Academic Research Consortium (BARC) type 2 or greater.
CCI, Charlson comorbidity index.
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Foundation (BHF) SENIOR- RITA trial (NCT03052036) 
is a large (n=1600) randomised trial investigating the role 
of invasive management in all- comer older adults with 
NSTE- ACS and will collect data on multimorbidity.

There are some significant strengths to our study. 
Despite the well- described difficulties in recruiting older 
adults into clinical studies,10 we describe a cohort of very 
old adults with a robust study design who were followed 
up prospectively for 5 years. Of 629 patients approached, 
457 patients (72.7%) were eligible for inclusion and 300 
were included in the ICON- 1 cohort (47.7%). We have 
previously published an analysis of our screening log 
data;10 however, in summary, the final population did 
not significantly differ from the population screened or 

eligible despite recruitment of fewer female patients (46% 
vs 39%, p=0.03) and mode of presentation (NSTEMI 
comprised 82% of the recruited cohort vs 76.1% of 
eligible patients, p<0.001). Risk factor distributions in 
screened, eligible and recruited populations were similar. 
Despite a modest sample size, a high event rate over 5 
years allows meaningful conclusions to be made. Previous 
studies focusing on multimorbidity have recruited a 
younger patient cohort, with a shorter follow- up, or have 
been registry studies. However, we recognise the limita-
tions of our work. The sample size precludes sub- group 
analysis, and the analysis of secondary outcomes is likely 
to be under- powered. More granular analysis of multi-
morbidity, in particular, the impact of phenotypic clusters 

Table 4 Univariate and multivariate Cox regression models for the association between CCI score and incidence of the 
primary composite outcome at 5 years

Incidence of the primary composite outcome at 5 years*

Charlson Co- morbidity Index
CCI≥6 vs CCI 3 to 5†

HR (95% CI) P value

Model 1—unadjusted 2.09 (1.47 to 2.96) <0.0001

Model 2—adjusted for age and sex 1.67 (1.16 to 2.40) 0.005

Model 3—adjusted for age, sex and management strategy‡ 1.64 (1.14 to 2.35) 0.007

Model 4—adjusted for age, sex, management strategy,‡ and GRACE 2.0 score 1.68 (1.14 to 2.47) 0.009

Statistically significant results (p<0.05) are displayed in bold.
*Primary outcome is composite death, myocardial infarction, stroke, unplanned repeat revascularisation or significant bleeding.
†CCI 3 to 5 used as reference.
‡Medical management versus PCI or CABG.
CABG, coronary artery bypass graft; CCI, Charlson co- morbidity index; PCI, percutaneous coronary intervention.

Figure 2 Cumulative event- free survival from the primary composite outcome at 5 years, stratified by CCI score. CCI, Charlson 
Co- morbidity Index score. P value from the Log- rank test.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061830 on 26 July 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


9Beska B, et al. BMJ Open 2022;12:e061830. doi:10.1136/bmjopen-2022-061830

Open access

of multimorbidity on outcomes, was not possible and 
should be examined in a future prospective cohort study. 
Nevertheless, the high rate of events, and, in particular, 
the 5- year mortality rate, is a novel and important finding. 
While we report all- cause rather than cardiovascular- 
specific mortality, this is relevant to real- world practice in 
this older population with multimorbidity. Given that all 
patients in the current study underwent coronary angiog-
raphy, we do not capture patients treated with a conserva-
tive strategy. This group is being evaluated in the ongoing 
BHF SENIOR- RITA trial.

Conclusion
There is a high burden of multimorbidity in older 
adults referred for coronary angiography for NSTE- ACS. 
Increasing multimorbidity is associated with adverse 
long- term outcomes: on average, each additional CCI 
comorbidity was associated with a 31% increased adjusted 
risk of all- cause mortality at 5 years. Further studies on 
how to mitigate the impact of multimorbidity on clinical 
outcomes after NSTE- ACS in the very oldest adults are 
needed, so we can provide individualised, high- quality 
care for this rapidly expanding group of patients.
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