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Objective: To develop and validate the DANish Comorbidity index for Acute Myocardial 
Infarction (DANCAMI) for adjustment of comorbidity burden in studies of myocardial 
infarction prognosis.
Methods: Using medical registries, we identified patients with first-time myocardial infarction 
in Denmark during 2000–2013 (n=36,685). We developed comorbidity indices predicting 1-year 
all-cause mortality from all comorbidities (DANCAMI) and restricted to non-cardiovascular 
comorbidities (rDANCAMI). For variable selection, we eliminated comorbidities stepwise using 
hazard ratios from multivariable Cox models. We compared DANCAMI/rDANCAMI with 
Charlson and Elixhauser comorbidity indices using standard performance measures 
(Nagelkerke’s R2, Harrell’s C-statistic, the Integrated Discrimination Improvement, and the 
continuous Net Reclassification Index). We assessed the significance of the novel DANCAMI 
variables not included in the Charlson Comorbidity Index. External validation was performed in 
patients with myocardial infarction in New Zealand during 2007–2016 (n=75,069).
Results: The DANCAMI included 24 comorbidities. The rDANCAMI included 17 non- 
cardiovascular comorbidities. In the Danish cohort, the DANCAMI indices outperformed 
both the Charlson and the Elixhauser comorbidity indices on all performance measures. The 
DANCAMI indices included multiple variables that were significant predictors of 1-year 
mortality even after controlling for all variables in the Charlson Comorbidity Index. These 
novel variables included valvular heart disease (hazard ratio for 1-year mortality=1.25, 95% 
CI: 1.14–1.35), coagulopathy (1.13, 95% CI: 1.05–1.22), alcohol and drug abuse (1.35, 95% 
CI: 1.15–1.58), schizophrenia (1.60, 95% CI: 1.46–1.76), affective disorder (1.29, 95% CI: 
1.22–1.36), epilepsy (1.26, 95% CI: 1.05–1.50), neurodegenerative disorder (1.30, 95% CI: 
1.10–1.54) and chronic pancreatitis (1.71, 95% CI: 1.14–2.56). The results were supported 
by the external validation in New Zealand.
Conclusion: DANCAMI assessed comorbidity burden of patients with first-time myocardial 
infarction, outperformed existing comorbidity indices, and was generalizable to patients 
outside Denmark. DANCAMI is recommended as a standard approach for comorbidity 
adjustment in studies of myocardial infarction prognosis.
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Introduction
Comorbidity burden is a strong predictor of myocardial infarction (MI) mortality.1 

Although declining, 30-day MI mortality risk remains around 15% overall and 
Correspondence: Morten Schmidt  
Email Morten.schmidt@clin.au.dk

submit your manuscript | www.dovepress.com Clinical Epidemiology 2020:12 1299–1311                                                                    1299

http://doi.org/10.2147/CLEP.S277325 

DovePress © 2020 Wellejus Albertsen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress. 
com/terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By 

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly 
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Epidemiology                                                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0002-0555-8789
http://orcid.org/0000-0001-5527-0698
http://orcid.org/0000-0001-5914-6934
http://orcid.org/0000-0003-4299-7040
http://orcid.org/0000-0002-4935-4059
mailto:Morten.schmidt@clin.au.dk
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


increases to almost 30% among patients with a Charlson 
Comorbidity Index (CCI) score of ≥3.1 Underlining its 
clinical and public health importance, the prevalence of 
a high comorbidity burden in patients with MI is increas-
ing with the aging population.1 The need to better under-
stand the effect of a comorbidity burden on MI prognosis 
is therefore compelling.

Comorbidity prediction models (indices) are widely 
used for this purpose. Comorbidity indices have been 
developed specifically for cardiac patients2–6 and for 
mixed populations with subsequent testing in cardiac 
patients.7–10 The CCI is one of the most commonly used 
comorbidity indices in research.7 It was developed in 1984 
from 559 medical inpatients to predict 1-year mortality.7 It 
did not include psychiatric diagnoses although the need for 
exploring the coexistence of physical and mental illness 
has recently been highlighted.11 A more contemporary 
comorbidity index is the van Walraven-weighted version 
of the Elixhauser Comorbidity Index (ECI),8 developed 
from a mixed patient group to predict in-hospital mortality. 
Neither index seems ideal for assessing the predictive 
ability of comorbidity burden in contemporary MI 
patients. We therefore developed and validated the 
DANish Comorbidity index for Acute Myocardial 
Infarction (DANCAMI) for adjustment of comorbidity 
burden in research on MI patients.

Methods
Setting and Data Sources
The Danish National Health Service provides universal tax- 
supported health care, guaranteeing free access to general 
practitioners and hospitals in Denmark.12 All Danish resi-
dents are assigned a unique central personal registry (CPR) 
number at birth or upon immigration.13 Using the CPR 
number, we linked the Danish Civil Registration System 
(mortality and migration data),13 The Danish National 
Patient Registry (DNPR) (hospital discharge data),14 the 
Aarhus University Prescription Database (dispensed 
prescriptions),15 and the Clinical Laboratory Information 
System Research Database (laboratory data).16

Study Cohort and Outcome
We used the DNPR to identify all patients aged ≥15 years 
hospitalized with a first-time inpatient MI diagnosis in the 
Northern and Central Denmark Regions between 
1 January 2000 and 31 December 2013. We excluded 
patients with any previous in- or outpatient MI diagnosis 

recorded in the DNPR. Follow-up continued through 2014. 
We defined the outcome as time to all-cause mortality 
within 1 year from MI admission.13

Potential Predictors
We assembled a list of comorbidities from previously con-
structed indices and clinical knowledge. For each MI patient, 
we identified comorbidities from all in- and outpatient diag-
noses in the DNPR within the 5 years before MI hospitaliza-
tion. This included diagnoses recorded during the index 
admission, except for potential complications of MI, antith-
rombotic treatment, or associated immobilization (angina pec-
toris, heart failure, venous thromboembolism, atrial 
fibrillation/flutter, heart block, ventricular tachycardia, valvu-
lar heart disease, and stroke).

Based on Danish 5-year mortality estimates, we cate-
gorized cancer as high-risk (survival <30%) or low-risk 
(survival ≥30%) cancer. High-risk cancers included can-
cers of the hypopharynx, esophagus, stomach, liver, gall-
bladder, pancreas, trachea and lung, as well as 
mesothelioma, acute myeloid leukemia, unspecified leuke-
mia, and secondary cancer. All remaining types of cancer 
were considered low-risk cancers.

Diabetes, chronic pulmonary disease, and hyperten-
sion might be treated solely in general practice, and not 
be registered in the DNPR.14 We therefore also identi-
fied diabetes as a HbA1c level >48 mmol/L16 or from 
antidiabetic prescriptions.15 We supplemented diagnosis 
codes for chronic pulmonary disease with any prescrip-
tion record for a drug used to treat obstructive airway 
disease.15 We defined hypertension as a hospital diag-
nosis, redemption of antihypertensive combination 
tablets, or redemption of at least two antihypertensive 
drugs within 90 days before MI admission. Finally, we 
supplemented diagnosis codes for schizophrenia and 
affective disorders with relevant prescriptions within 
90 days.15

The final list of potential predictors included 41 indi-
vidual comorbidities (eTable 1). In addition to developing 
a comorbidity index accounting for both cardiovascular 
and non-cardiovascular comorbidities (DANCAMI), we 
also developed an index restricted to non-cardiovascular 
comorbidities (rDANCAMI) to enable researchers to 
adjust for individual non-cardiovascular comorbidities. 
The potential predictors for rDANCAMI included the 24 
non-cardiovascular comorbidities from the final list of 41 
comorbidities.
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Existing Comorbidity Indices
Table 1 provides an overview of the variables included in 
the DANCAMI, CCI and ECI. For each MI patient, we 
calculated the CCI7 and the ECI8 scores. We based the 
CCI score on 18 comorbidities (MI excluded) and categor-
ized it in four groups (0, 1, 2, and ≥3).7 The ECI score was 
based on 30 comorbidities and categorized in four groups 
(≤0, 1–5, 6–13, and ≥14).8

External Validation Cohort
We validated the performance of DANCAMI/rDANCAMI 
in patients with first-time MI in New Zealand between 
1 January 2007 and 31 December 2016. We used the 
unique New Zealand National Health Index (NHI) num-
ber, assigned to patients at entry into the public health 
system (>98% of the population),17 to link the New 
Zealand National Minimum Dataset (hospital inpatient 
data),17 the National Mortality Collection (vital status),18 

and the National Pharmaceutical Collection (dispensed 
prescriptions).19 The National Minimum Dataset includes 
nationwide information on all patients discharged from 
publicly funded hospitals, including admission dates, pri-
mary diagnoses, and secondary diagnoses.17 Except for 
HbA1c data (unavailable), the eligibility criteria, covari-
ables, and outcome of the validation cohort were identical 
to those used for the Danish development cohort.

Statistical Analysis
Model Development
We used Cox regression to compute hazard ratios (HRs) 
with 95% confidence intervals (CIs) for the minimally (sex 
and age) adjusted association between each comorbidity 
and 1-year mortality. To select variables for the 
DANCAMI, we included in the Cox models all 41 comor-
bidities, sex and age, regardless of the results from the 
minimally adjusted analyses.20 Fractional polynomials 
supported a linear association between age and 1-year 
mortality. We then eliminated comorbidities with a HR 
<1.10 or a CI that overlapped 1. We fitted revised models 
with the remaining comorbidities, sex, and age. We 
repeated this approach until the models included only 
comorbidities with a HR ≥1.10. We tested the proportion-
ality assumption using the global test based on scaled 
Schoenfeld residuals21 and with log-log plots for variables 
that appeared non-proportional. We assigned weights to 
each comorbidity in the final index by multiplying the 
beta coefficient from the multivariable models by ten and 

rounding to the nearest integer to yield the score compo-
nents (Table 2). The final DANCAMI score was formed by 
adding the weights of each of the individual patient’s 
comorbidities.22,23 We repeated the above steps with the 
24 non-cardiovascular comorbidities to develop 
rDANCAMI. In addition to continuous comorbidity 
scores, we categorized them into no (score=0), low 
(score=1–3), moderate (score=4–5) and severe comorbid-
ity burden (score ≥6). The categorization cut-off values 
were based on the survival curves of the individual 
DANCAMI/rDANCAMI scores.

Model Performance
The focus of performance measurements was discrimina-
tory ability because the DANCAMI was intended for 
research rather than clinical use. We evaluated the perfor-
mance of the continuous and categorical comorbidity 
index scores using standard performance measures, includ-
ing: (1) a modified version of Nagelkerke’s R2 to measure 
overall performance with explained variation; (2) Harrell’s 
C-statistic, which is equivalent to the area under the 
Receiver Operating Characteristic curve and indicates the 
proportion of all pairs of patients in which the patient who 
died first has higher predicted mortality;20 (3) the inte-
grated discrimination improvement (IDI); and (4) the con-
tinuous Net Reclassification Index (NRI) performance 
measures. The IDI and NRI indicate how much 
a predictor adds to a model’s discriminatory power and 
are joint measures of a model’s comparative improvement 
in sensitivity and specificity.20 The NRI represents the net 
proportion of patients with a change in predicted risk in 
the correct direction when the comorbidity score is added 
to a baseline model containing age and sex.20 The IDI 
integrates the NRI over all possible cut-offs for the prob-
ability of an outcome and is the difference between pre-
dicted probabilities in those who do and those who do not 
experience the outcome. It corresponds to the difference in 
discrimination slopes of two models.20 A positive NRI or 
IDI indicates better prediction in the new model compared 
with the baseline model. We used resampling methods to 
calculate CIs for the performance measures.

Comparison with Existing Comorbidity 
Indices
We calculated Nagelkerke’s R2 and Harrell’s C-statistic for 
the (1) baseline model (age and sex) and the baseline 
model plus the (2) DANCAMI, (3) rDANCAMI, (4) 
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CCI, and (5) ECI. The relative difference between perfor-
mance of the baseline model and the four different comor-
bidity indices was assessed. IDI and NRI were assessed to 
compare the baseline model with each of the four comor-
bidity indices. Of note, these standard model performance 

measures have largely been developed for assessing the 
performance of dichotomous diagnostic tests. The applica-
tion of these metrics to risk prediction scores are question-
able because they are insensitive to the addition of 
important predictors.20

Table 1 Comorbidities included in the DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI), Charlson 
Comorbidity Index (CCI), and Elixhauser Comorbidity Index (ECI)

Disease Categories DANCAMI CCI ECI

Cardiovascular disease Heart failure Congestive heart failure Congestive heart failure

Intermittent arterial claudication Peripheral vascular disease Peripheral vascular disorder

Stroke Cerebrovascular disease Hypertension
Hypertension Myocardial infarction† Valvular disease

Aortic disease Cardiac arrhythmias

Valvular heart disease Pulmonary circulation disorders

Kidney disease Chronic kidney disease Moderate to severe renal disease Renal failure

Endocrine disease Diabetes uncomplicated Diabetes Diabetes uncomplicated

Diabetes with end-organ damage Diabetes with end-organ damage Diabetes complicated
Obesity

Hypothyroidism

Fluid and electrolyte disorders
Weight loss

Cancer High-risk cancer* Any tumor Solid tumor without metastasis
Low-risk cancer* Metastatic solid tumor Metastatic cancer

Lymphoma Lymphoma

Leukemia

Hematologic disease Coagulopathy* AIDS Coagulopathy

AIDS/HIV
Blood-loss anemia

Deficiency anemia

Psychiatric disease Schizophrenia* Psychosis

Affective disorder* Depression

Alcohol and drug abuse* Alcohol abuse
Drug abuse

Neurologic disease Hemiplegia* Hemiplegia Paralysis
Dementia* Dementia

Neurodegenerative disorder* Neurodegenerative disorders

Epilepsy*

Pulmonary disease Chronic pulmonary disease* Chronic pulmonary disease Chronic pulmonary disease

Gastrointestinal 

disease

Ulcer disease* Ulcer disease Peptic ulcer disease, no bleeding

Mild liver disease* Mild liver disease
Moderate to severe liver disease* Moderate or severe liver disease Liver disease

Chronic pancreatitis*

Rheumatic disease Connective tissue disease Rheumatoid arthritis/collagen vascular 

disease

Notes: *Included in the restricted (r)DANCAMI together with obesity and connective tissue diseas. † Myocardial infarction was not included in the Charlson Comorbidity 
Index score in the analyses.
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Improved performance is therefore better assessed by 
the HRs of the additional predictors in our index that 
were not included in the existing indices. As a key ana-
lysis, we therefore tested the significance of the novel 
DANCAMI variables not included in the CCI by 

including them in a model containing the CCI variables. 
In this model, significant HRs of the novel DANCAMI 
variables would support an improved ability of 
DANCAMI over the CCI in predicting 1-year all-cause 
mortality.

Table 2 The Model Development of the DANish Comorbidity index for Acute Myocardial Infarction (DANCAMI)

Covariables β coefficient Standard error Hazard ratio (95% CI) Weight

DANCAMI*
Heart failure 0.320 0.037 1.38 (1.28–1.48) 3

Intermittent arterial claudication 0.229 0.055 1.26 (1.13–1.40) 2

Aortic disease 0.209 0.082 1.23 (1.05–1.45) 2
Valvular heart disease 0.233 0.042 1.26 (1.16–1.37) 2

Stroke 0.254 0.042 1.29 (1.19–1.40) 3

Hypertension 0.121 0.025 1.13 (1.08–1.18) 1
High-risk cancer 1.043 0.053 2.84 (2.56–3.15) 10

Low-risk cancer 0.190 0.036 1.21 (1.13–1.30) 2
Coagulopathy 0.127 0.037 1.14 (1.06–1.22) 1

Diabetes uncomplicated 0.183 0.034 1.20 (1.12–1.28) 2

Diabetes with end-organ damage 0.315 0.040 1.37 (1.27–1.48) 3
Dementia 0.327 0.063 1.39 (1.23–1.57) 3

Alcohol and drug abuse 0.302 0.080 1.35 (1.16–1.58) 3

Schizophrenia 0.464 0.048 1.59 (1.45–1.75) 5
Affective disorder 0.255 0.027 1.29 (1.22–1.36) 3

Epilepsy 0.287 0.090 1.33 (1.12–1.59) 3

Neurodegenerative disorder 0.286 0.085 1.33 (1.13–1.57) 3
Hemiplegia 0.577 0.183 1.78 (1.24–2.55) 6

Chronic kidney disease 0.373 0.047 1.45 (1.32–1.59) 4

Chronic pulmonary disease 0.226 0.024 1.25 (1.20–1.31) 2
Ulcer disease 0.176 0.048 1.19 (1.08–1.31) 2

Mild liver disease 0.286 0.129 1.33 (1.03–1.71) 3

Moderate to severe liver disease 0.664 0.190 1.94 (1.34–2.82) 7
Chronic pancreatitis 0.500 0.207 1.65 (1.10–2.47) 5

rDANCAMI†

High-risk cancer 1.041 0.053 2.83 (2.55–3.14) 10

Low-risk cancer 0.193 0.036 1.21 (1.13–1.30) 2

Coagulopathy 0.260 0.037 1.30 (1.21–1.39) 3
Obesity 0.248 0.085 1.28 (1.09–1.51) 2

Dementia 0.362 0.063 1.44 (1.27–1.62) 4

Alcohol and drug abuse 0.336 0.080 1.40 (1.20–1.64) 3
Schizophrenia 0.470 0.048 1.60 (1.46–1.76) 5

Affective disorder 0.299 0.027 1.35 (1.28–1.42) 3

Epilepsy 0.392 0.090 1.48 (1.24–1.76) 4
Neurodegenerative disorder 0.295 0.085 1.34 (1.14–1.59) 3

Hemiplegia 0.637 0.183 1.89 (1.32–2.71) 6

Chronic pulmonary disease 0.265 0.024 1.30 (1.24–1.36) 3
Ulcer disease 0.247 0.048 1.28 (1.16–1.41) 2

Mild liver disease 0.359 0.130 1.43 (1.11–1.85) 4

Moderate to severe liver disease 0.554 0.191 1.74 (1.20–2.53) 6
Chronic pancreatitis 0.643 0.207 1.90 (1.27–2.85) 6

Connective tissue disease 0.105 0.533 1.11 (1.00–1.23) 1

Notes: *Includes both cardiovascular and non-cardiovascular comorbidities. †Restricted to non-cardiovascular comorbidities. 
Abbreviation: CI, confidence interval.
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External Validation
For external validation, we estimated the ability to predict 
1-year mortality in the New Zealand MI cohort by using the 
DANCAMI/rDANCAMI. We applied the same methods 
described above to assess performance and for comparison 
with existing comorbidity indices.

Sensitivity Analyses
We performed eight sensitivity analyses. To evaluate how 
the decisions made during model development affected the 
final indices, we (1) changed the HR cut-off from 1.10 to 
1.20; (2) used the exact rather than rounded beta coefficients 
for score components; (3) used the HRs instead of beta 
coefficients for score components; (4) performed split-sam-
ple internal validation according to diagnosis year (temporal 
validation rather than randomly)20 by repeating the model 
development in the derivation cohort (2000–09) and 
assessed performance in the validation cohort (2010–13); 
(5) restricted to MI hospital survivors; and stratified by 
(6–7) age and sex and (8) ethnicity groups in New Zealand 
(European, Maori, Pacific, Indian, and Chinese/other Asian). 
All statistical analyses were conducted using Stata Version 
14.2 (Stata Corp, College Station, Texas, USA).

Results
Model Development
The Danish cohort included 36,685 MI patients (61% 
men) with a median age of 72 years (interquartile range: 
61–81 years). eTable 1 presents the prevalence of each 
comorbidity assessed and their associations with 1-year 
mortality (adjusted for age and sex). The most prevalent 
comorbidity in the population was hypertension (53%), 
followed by chronic pulmonary disease (22%), and stable 
angina pectoris (19%). We observed significant associa-
tions with 1–year mortality for most predictors, except 
deep vein thrombosis in a lower limb, pulmonary embo-
lism, heart block, immune system disorders, human immu-
nodeficiency virus infection, endocrine disorders 
(excluding diabetes), anxiety and behavioural disorders, 
and inflammatory bowel disease. Nonsignificant associa-
tions were due to a combination of small effect sizes and 
low prevalence. The model development resulted in the 
inclusion of 24 comorbidities in the DANCAMI and 17 in 
the rDANCAMI. Weights indicating the severity of each 
included variable are presented in Table 2.

The characteristics of the Danish and New Zealand 
cohorts are shown in Table 3. The 1-year mortality in the 

Danish MI cohort was 24%. Most of these deaths occurred 
during hospital admission with in-hospital mortality at 
14%. The DANCAMI score categories showed that 29% 
had no, 41% had low, 11% had moderate, and 19% had 
severe comorbidity burden. The corresponding proportions 
for rDANCAMI were 57%, 26%, 5.2%, and 12%, respec-
tively. Survival decreased with increasing comorbidity 
burden (Figure 1).

Model Performance
The explained variance (R2) was significantly higher in the 
prediction model including age, sex and DANCAMI 
(R2=0.33, 95% CI: 0.32–0.34) than in the baseline model 
containing only age and sex (R2=0.28, 95% CI: 0.27–0.29) 
(Table 4). Similarly, the discrimination of DANCAMI was 
better than the baseline model (C-statistic: 0.75 vs. 0.73). 
Adding the DANCAMI score to the baseline model 
improved discrimination (IDI=0.054) compared with the 
baseline model alone. Similarly, improved discrimination 
was observed by a total NRI of 0.52 where 77% of non- 
events and 49% of events had a better predicted probability 
of 1-year mortality (eTable 2). DANCAMI score categories 
performed almost as well in R2 and C-statistics as the 
continuous score (Table 4), but the IDI was lower (0.044 
vs. 0.054) and the NRI higher (0.55 vs. 0.52).

Comparison with Existing Comorbidity 
Indices
Compared with the CCI and the ECI, both the continuous and 
the categorical DANCAMI scores performed better in the four 
standard performance measures (Table 4). Although the dif-
ferences in performance measures were minor, the superiority 
of DANCAMI over the CCI was strongly supported by the 
result that each of the eight DANCAMI variables, not included 
in the CCI, predicted 1-year mortality despite adjustment for 
the CCI (Table 5). These novel variables included valvular 
heart disease (HR for 1-year mortality=1.25, 95% CI: 1.14–-
1.35), coagulopathy (HR=1.13, 95% CI: 1.05–1.22), alcohol 
and drug abuse (HR=1.35, 95% CI: 1.15–1.58), schizophrenia 
(HR=1.60, 95% CI: 1.46–1.76), affective disorder (HR=1.29, 
95% CI: 1.22–1.36), epilepsy (HR=1.26, 95% CI: 1.05–1.50), 
neurodegenerative disorder (HR=1.30, 95% CI: 1.10–1.54) 
and chronic pancreatitis (HR=1.71, 95% CI: 1.14–2.56).

External Validation
In the New Zealand MI cohort (n=75,069), the 1-year mor-
tality was 20% (half of which occurred in-hospital), the male 
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proportion was 59%, and the median age was 71 years (Table 
3). The proportion of MI patients with at least one comorbid-
ity (DANCAMI score >0) was slightly lower than in 

Denmark (67% vs. 71%), but higher in patients with at 
least one non-cardiovascular comorbidity (rDANCAMI >0) 
(47% vs. 43%). As in the Danish cohort, the two most 

Table 3 Characteristics of the Danish and New Zealand Myocardial Infarction Cohorts

Myocardial Infarction Cohorts

Denmark New Zealand

Number of patients, n (%) 36,685 (100) 75,069 (100)

Follow-up time, person years 29,293 63,263
1-year mortality, n (%) 8974 (24) 14,951 (20)

In-hospital mortality, n (%) 5014 (14) 7095 (9.5)

Sex, n (%)

Female 14,255 (39) 30,514 (41)

Male 22,430 (61) 44,555 (59)

Age, median year (IQR) 72 (61–81) 71 (59–81)

>75 years, n (%) 14,978 (41) 31,027 (41)

Comorbidities (%)

Most prevalent Hypertension (53) Hypertension (38)
Second most prevalent Chronic pulmonary disease (22) Chronic pulmonary disease (17)

Third most prevalent Stable angina pectoris (19) Diabetes with end-organ failure (16)

DANCAMI score, n (%)

0 10,725 (29) 25,047 (33)

1–3 14,953 (41) 21,393 (29)
4–5 4184 (11) 8136 (11)

≥6 6823 (19) 20,493 (27)

rDANCAMI score, n (%)

0 20,775 (57) 39,558 (53)
1–3 9691 (26) 16,921 (23)

4–5 1913 (5.2) 5195 (6.9)

≥6 4306 (12) 13,395 (18)

CCI score, n (%)

0 21,893 (60) 37,008 (49)
1 6515 (18) 8633 (12)

2 4232 (12) 11,841 (16)

≥3 4045 (11) 17,587 (23)

ECI score, n (%)

≤0 22,705 (62) 39,427 (53)
1–5 9285 (25) 14,559 (19)

6–13 3923 (11) 12,363 (16)

≥14 772 (2.1) 8720 (12)

Ethnicity, n (%)

European NA 58,315 (78)
Maori NA 7544 (10)

Pacific NA 3915 (5.2)

Indian NA 2412 (3.2)
Chinese/Other Asian NA 1693 (2.3)

Other NA 1190 (1.6)

Abbreviations: CCI, Charlson Comorbidity Index; DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction; ECI, Elixhauser Comorbidity Index; IQR, 
interquartile range; NA, not available; rDANCAMI, DANCAMI restricted to non-cardiovascular comorbidities.
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prevalent comorbidities were hypertension (38%) and 
chronic pulmonary disease (17%), but here diabetes with 
end-organ failure came third (16%) (Table 3).

DANCAMI scores also added to the predictive perfor-
mance compared with the baseline model. Discrimination 
was better than that of the baseline model (C-statistic 0.77 
vs. 0.73) and R2 was higher (0.37 vs. 0.28). IDI was 0.079 and 
NRI was 0.682 with 78% of non-events and 56% of events 
obtaining a more correct predicted probability of 1-year mor-
tality compared with the predictions of the baseline model 
(eTable 2). Performances of the CCI and the ECI were nearly 
identical to that of DANCAMI, except for NRI where the CCI 
performance was lower (Table 4). rDANCAMI performance 
was lower than the other three indices (Table 4). Similar to the 
Danish cohort, DANCAMI score categories performed almost 
as well in R2 and C-statistics as the continuous score, but with 
a lower IDI and a higher NRI (Table 4).

Sensitivity Analyses
The sensitivity analyses showed that (1) changing the 
inclusion threshold to 1.20 (ie, removing all comorbidities 

with a score of one) or (2) changing severity weights to 
precise beta-coefficients had limited effect on the model 
performance (eTable 3); (3) using HRs as severity weights 
worsened all performance measures (eTable 3); and (4) 
1-year mortality was higher in the derivation cohort (26%) 
than in the validation split-sample cohort (21%), although 
baseline characteristics were similar (eTable 4a). The 
number of comorbidities obtaining different severity 
weights was 7 in the refitted DANCAMI and 5 in the 
refitted rDANCAMI. Still, both refitted models performed 
better than the CCI and the ECI when tested in the valida-
tion cohort (eTable 4b).

Among patient subgroups (eTables 5–7), the models 
performed best for (5) patients surviving the initial MI 
hospitalization (6) younger age groups <75 years: (7) 
males (mostly attributable to the baseline model and not 
the added comorbidity score); and (8), European ethnicity 
(while the ECI was best in the other ethnic groups).

Discussion
We developed and validated two comorbidity indices pre-
dicting 1-year mortality for Danish patients after their first 
hospital admission for MI based on any type of comorbid-
ity (DANCAMI) or non-cardiovascular comorbidities 
(rDANCAMI). The new indices included multiple vari-
ables not included in the current comorbidity indices and 
outperformed both the CCI and the ECI. The DANCAMI/ 
rDANCAMI score categories performed almost equally as 
well as the continuous scores.

Previous Literature
In contrast to previous studies, DANCAMI was developed 
in a contemporary cohort with contemporary comorbidities 
(eg, exclusion of AIDS as a comorbidity and inclusion of 
psychiatric disorders). The rDANCAMI is the first comor-
bidity index for MI patients to include only non- 
cardiovascular comorbidities. However, other comorbidity 
indices have been developed specifically for MI patients. 
A 1994 US study used Medicare data to develop 
a comorbidity index predicting 2-year MI mortality.2 

However, the patients were diagnosed in 1987 and were 
all 30-day survivors; and therefore not generalizable to all 
MI patients. A Chinese comorbidity index was developed in 
2016 to predict in-hospital mortality in MI patients admitted 
to a Beijing hospital during 2006–2010.3 The study aimed 
to develop a method to adjust for heterogeneity between 
Chinese hospitals. In contrast to DANCAMI, the Chinese 

Figure 1 Survival according to the DANish Comorbidity index for Acute 
Myocardial Infarction (DANCAMI) score categories of comorbidity burden with 
95% confidence intervals. 
Abbreviations: rDANCAMI, DANCAMI restricted to non-cardiovascular 
comorbiditis

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                   

Clinical Epidemiology 2020:12 1306

Wellejus Albertsen et al                                                                                                                                            Dovepress

http://www.dovepress.com/get_supplementary_file.php?f=277325.docx
http://www.dovepress.com/get_supplementary_file.php?f=277325.docx
http://www.dovepress.com/get_supplementary_file.php?f=277325.docx
http://www.dovepress.com/get_supplementary_file.php?f=277325.docx
http://www.dovepress.com/get_supplementary_file.php?f=277325.docx
http://www.dovepress.com/get_supplementary_file.php?f=277325.docx
http://www.dovepress.com
http://www.dovepress.com


index included potential complications of MI such as car-
diac arrest and shock. In 2011, a Spanish comorbidity index 
was developed for patients hospitalized during 2002–2008 
with non-ST-segment elevation MI.4 This index included 
only 1017 patients and may not generalize to all MI 
patients. A 2001 Canadian study developed two separate 
comorbidity indices predicting 30-day and 1-year mortality 
among MI patients with age group and sex included in the 
indices.5 Unfortunately, the authors only reported regres-
sion coefficients and odds ratios with 95% CIs and did not 
generate a simpler scoring system.5 Finally, a Canadian 
comorbidity index developed in 2019 included a study 
population of patients undergoing diagnostic and/or thera-
peutic cardiac catheterization.6 The difference between this 
and our MI study populations complicates comparison.

Unlike most other comorbidity indices, the DANCAMI 
and the rDANCAMI include multiple mental and beha-
vioural health disorders such as alcohol/drug abuse, 

schizophrenia, and affective disorders, which were 
assigned relatively high weights of 3 to 5 in our study. In 
some indices, these disorders were not included or not 
considered for inclusion.3–7 The ECI8 and the 1994 US 
study2 both included psychiatric diagnoses. In the ECI, 
drug abuse and depression scored less than zero, while 
alcohol abuse and psychoses scored zero. In the US study, 
the prevalence of these disorders was very low compared 
with our Danish cohort. This discrepancy could be due to 
use of different definitions of these diagnoses. The high 
prevalence and significant HRs of the psychiatric diag-
noses in DANCAMI and rDANCAMI indicate that these 
variables are important predictors of mortality. This 
assumption is supported by our analysis showing that all 
novel variables in DANCAMI, including the mental and 
behavioural disorders, where significant predictors of mor-
tality in the Danish cohort after adjusting for the CCI 
variables. The novel variables were also significant 

Table 4 Performance of the Continuous and Categorical Scores of DANCAMI and Other Comorbidity Indices in the Danish 
(Development) and New Zealand (Validation) Cohorts of Patients with First-Time Myocardial Infarction

Discrimination Measures Continuous Comorbidity Index Scores Categorical Comorbidity Index Scores

Danish Cohort New Zealand Cohort Danish Cohort New Zealand Cohort

R2

Baseline* 0.28 (0.27–0.29) Ref. 0.28 (0.28–0.29) Ref. 0.28 (0.27–0.29) Ref. 0.28 (0.28–0.29) Ref.

DANCAMI† 0.33 (0.32–0.34) 1.20‡ 0.37 (0.37–0.38) 1.32‡ 0.32 (0.31–0.33) 1.14‡ 0.36 (0.35–0.37) 1.29‡

rDANCAMI† 0.32 (0.31–0.33) 1.15‡ 0.36 (0.35–0.37) 1.28‡ 0.31 (0.30–0.32) 1.11‡ 0.35 (0.34–0.36) 1.25‡

CCI† 0.32 (0.31–0.33) 1.14‡ 0.37 (0.37–0.38) 1.32‡ 0.31 (0.30–0.32) 1.11‡ 0.36 (0.36–0.37) 1.29‡

ECI† 0.31 (0.30–0.32) 1.13‡ 0.38 (0.37–0.38) 1.33‡ 0.31 (0.30–0.32) 1.11‡ 0.38 (0.37–0.39) 1.36‡

Harrell’s C

Baseline* 0.73 (0.72–0.73) Ref. 0.73 (0.72–0.73) Ref. 0.73 (0.72–0.73) Ref. 0.73 (0.72–0.73) Ref.

DANCAMI† 0.75 (0.75–0.76) 1.04§ 0.77 (0.77–0.78) 1.07§ 0.75 (0.74–0.75) 1.03§ 0.77 (0.76–0.77) 1.05§

rDANCAMI† 0.75 (0.74–0.75) 1.03§ 0.77 (0.76–0.77) 1.05§ 0.74 (0.74–0.75) 1.01§ 0.76 (0.76–0.77) 1.04§

CCI† 0.74 (0.74–0.75) 1.03§ 0.77 (0.77–0.78) 1.07§ 0.74 (0.74–0.75) 1.01§ 0.77 (0.77–0.77) 1.05§

ECI† 0.74 (0.74–0.75) 1.02§ 0.77 (0.77–0.78) 1.07§ 0.74 (0.74–0.75) 1.01§ 0.78 (0.77–0.78) 1.07§

IDI

Baseline* vs DANCAMI† 0.054 – 0.079 – 0.044 – 0.061 –
Baseline* vs rDANCAMI† 0.038 – 0.068 – 0.033 – 0.057 –

Baseline* vs CCI† 0.038 – 0.077 – 0.034 – 0.066 –

Baseline* vs ECI† 0.029 – 0.081 – 0.029 – 0.081 –

NRI
Baseline* vs DANCAMI† 0.52 – 0.68 – 0.55 – 0.72 –

Baseline* vs rDANCAMI† 0.43 – 0.57 – 0.41 – 0.53 –

Baseline* vs CCI† 0.41 – 0.58 – 0.46 – 0.71 –
Baseline* vs ECI† 0.40 – 0.68 – 0.47 – 0.69 –

Notes: *Baseline model defined as a Cox model including sex and age. †Model performances were examined in a Cox model including sex, age and the individual 
continuous/categorical comorbidity index scores. ‡Relative difference in R2 compared to baseline model. §Relative difference in Harrell’s C compared to baseline model. 
Abbreviations: CCI, Charlson Comorbidity Index; DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction; ECI, Elixhauser Comorbidity 
Index; rDANCAMI, DANCAMI restricted to non-cardiovascular comorbidities; Ref., Reference.

Clinical Epidemiology 2020:12                                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1307

Dovepress                                                                                                                                           Wellejus Albertsen et al

http://www.dovepress.com
http://www.dovepress.com


predictors of mortality in the New Zealand MI cohort. 
These results indicate that the inclusion of these additional 
predictors in the comorbidity indices are important for 
accurate outcome prediction. The value of these added 
predictors is not clearly reflected in the standard perfor-
mance measures (eg, R2 and C-statistic), which was not 
surprising as these are global measures that are relatively 
insensitive to the addition of new variables.20

Both DANCAMI and rDANCAMI showed higher dis-
crimination in the New Zealand validation cohort than in 
the Danish development cohort, which was unexpected. 
However, the CCI and the ECI also showed higher dis-
crimination in the New Zealand cohort. These findings 
likely reflect different case mixes in the two nationwide 
cohorts, eg, a more ethnically diverse population in New 
Zealand than in Denmark. DANCAMI was slightly 

superior in the subgroup of the New Zealand cohort with 
European ethnicity that is likely to be more comparable to 
the Danish population.

The CCI and the ECI have previously been validated in 
MI patient populations. In studies performed in the US,24 

Taiwan,25 and five different European countries,26 the ECI 
outperformed the CCI in predicting in-hospital24–26 and 
1-year mortality.25 These studies differ from our study as 
they included comorbidities as separate variables in their 
performance analyses instead of using a summary score. 
A Japanese study compared the performance of the CCI 
and the ECI using individual comorbidities vs. a summary 
score, and found that the ECI performed better with indi-
vidual comorbidities.27 However, the CCI and the ECI 
performed similar when the summary score was applied. 
This finding demonstrates that performance of individual 

Table 5 Adjusted Hazard Ratios for the Charlson Comorbidity Index and Additional DANCAMI Variables, Derived in 
the Danish and New Zealand Myocardial Infarction Cohorts

Covariables Hazard Ratio (95% Confidence Interval)

Danish Cohort New Zealand Cohort

Charlson Comorbidity Index
Congestive heart failure 1.37 (1.28–1.46) 1.51 (1.44–1.58)

Peripheral vascular disease 1.38 (1.29–1.47) 1.38 (1.30–1.45)

Cerebrovascular disease 1.24 (1.17–1.31) 0.95 (0.90–1.01)
Dementia 1.36 (1.20–1.54) 1.80 (1.70–1.89)

Chronic pulmonary disease 1.36 (1.28–1.44) 1.44 (1.38–1.51)

Connective tissue disease 1.03 (0.93–1.15) 1.18 (1.07–1.30)
Ulcer disease 1.19 (1.08–1.31) 1.08 (0.99–1.18)

Mild liver disease 1.33 (1.03–1.71) 1.11 (0.97–1.29)

Diabetes 1.03 (0.94–1.12) 1.03 (0.99–1.08)
Hemiplegia 1.71 (1.19–2.45) 1.65 (1.55–1.76)

Moderate or severe renal disease 1.37 (1.26–1.49) 1.81 (1.74–1.88)

Diabetes with end organ damage 1.31 (1.21–1.41) 1.18 (1.07–1.30)
Any tumor 1.31 (1.22–1.40) 1.24 (1.18–1.30)

Leukemia 1.51 (1.14–1.98) 2.17 (1.84–2.57)

Lymphoma 1.68 (1.37–2.06) 1.69 (1.48–1.93)
Moderate or severe liver disease 1.86 (1.28–2.70) 2.87 (2.50–3.30)

Metastatic solid tumor 3.33 (2.91–3.80) 3.48 (3.26–3.71)

AIDS 0.43 (0.06–3.05) 0.33 (0.05–2.35)

DANCAMI additional variables*

Valvular heart disease 1.25 (1.14–1.35) 1.29 (1.20–1.38)
Coagulopathy 1.13 (1.05–1.22) 1.13 (1.09–1.18)

Alcohol and drug abuse 1.35 (1.15–1.58) 1.20 (1.11–1.31)
Schizophrenia 1.60 (1.46–1.76) 1.21 (0.99–1.48)

Affective disorder 1.29 (1.22–1.36) 1.21 (1.10–1.32)

Epilepsy 1.26 (1.05–1.50) 1.20 (1.01–1.42)
Neurodegenerative disorder 1.30 (1.10–1.54) 1.40 (1.28–1.54)

Chronic pancreatitis 1.71 (1.14–2.56) 1.31 (0.91–1.87)

Notes: *Hazard ratios for the non-overlapping DANCAMI variables adjusted for the Charlson Comorbidity Index variables. 
Abbreviations: DANCAMI, DANish Comorbidity index for Acute Myocardial Infarction.
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comorbidity indices can vary depending on their applica-
tion. In our performance analyses of the summary scores, 
the CCI showed better performance than the ECI in the 
Danish cohort. In contrast, the ECI performed marginally 
better than the CCI in the New Zealand cohort.

Despite the concerns of information loss that may arise 
with the simplification of summary scores,20 they can be 
a useful tool to adjust for comorbidity burden in observa-
tional studies in which multiple variables often are 
included in regression analyses. The same applies when 
categorizing summary scores. The categorized groups are 
a simple and easily accessible method to illustrate and 
adjust for comorbidity burden. However, they provide 
further simplification of the original prediction model 
since they assign the same predicted risk to patients with 
different comorbidity scores.20 Moreover, there is no clear 
consensus on the method behind the categorization of 
summary scores.20 We created four categories by examin-
ing the survival curves of the individual DANCAMI and 
rDANCAMI scores. In our performance analyses, the 
DANCAMI score categories performed almost as good 
as the continuous scores. Similar results were found for 
the ECI where the continuous scores and categories per-
formed similar in C-statistics.8

Strength and Limitations
Study strengths include the nationwide population-based 
design (reducing selection bias) and large sample size (redu-
cing random error). Furthermore, rDANCAMI allows 
researchers to study the effect of individual cardiovascular 
diseases separately while adjusting for non-cardiovascular 
comorbidity burden. We used recommended methods to 
generate summary scores in our final indices20 and consid-
ered a variety of variables for both indices, including psy-
chiatric diagnoses, which have previously been overlooked.

Although we used a five-year look-back period to 
identify comorbidities and defined variables from algo-
rithms including both diagnoses, prescriptions, and labora-
tory data, misclassification of some conditions is 
unavoidable.28 However, the positive predictive values 
have been reported to be high for both cardiac14,29 and 
CCI comorbidities (98% overall).30 Like previous 
studies,2,8 we found several comorbidities that were asso-
ciated with a decreased 1-year mortality (eg, stable angina 
pectoris and anxiety) in our multivariable model. These 
seemingly protective comorbidities could result from 
a bias in coding in which severity of overall patient illness 
may inversely affect the coding of chronic and nonfatal 

comorbidities.8 We therefore excluded these comorbidities 
from our final indices.

We lacked detailed clinical information, eg, electro-
cardiogram results and cardiac biochemical markers, 
which may be important predictors particularly of short- 
term mortality. This is evident in clinical risk prediction 
models, such as the Global Registry of Acute Coronary 
Events (GRACE) risk score,31 and may explain the 
superior performance of our indices among patients 
surviving hospital admission. However, detailed clinical 
information is often not available in routine secondary 
care data which makes it less useful as predictors in this 
setting.

Our robust external validation indicated that both 
DANCAMI and rDANCAMI generalize well outside the 
Danish cohort. Still, it should be noted that DANCAMI 
was developed and validated in patients with MI. Thus, its 
performance in patients with other cardiovascular diseases 
remains to be examined.

Conclusions
Comorbidity burden was a strong predictor of mortality in 
MI patients and must be controlled for accurately when 
studying outcomes in MI patients. We developed two 
separate comorbidity indices with (DANCAMI) and with-
out (rDANCAMI) cardiovascular comorbidities to predict 
1-year mortality following first-time MI. The indices were 
based on comorbidities in contemporary MI patients. 
DANCAMI performed better than the previous most com-
monly used comorbidity indices and included novel 
comorbidities with incremental ability to predict mortality. 
Both indices can be used to control for comorbidity burden 
in MI patients either by applying the continuous or the 
categorized summary score. The indices are likely general-
izable to MI patients in other Western countries similar to 
Denmark and New Zealand. We therefore recommend 
DANCAMI as a standard approach for comorbidity adjust-
ment in studies of MI prognosis.
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