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Abstract

Background: The clinical characteristics of patients who have a first episode of congestive
heart failure (CHF) may have changed in recent years. Methods: A retrospective cohort
study was performed on 19,796 patients discharged from medical departments with a di-
agnosis of CHF between 1 January 2000 and 31 December 2022. Data were drawn from
two data sets of the Minimum Basic Data Set-Hospital Data Set (MBDS) of the Lucus Au-
gusti University Hospital (Spain): hospitalizations and patients. Patient characteristics (in-
cluding the period of their first admission) and the association rules between diseases de-
termined using the Apriori algorithm were studied in five consecutive time periods. Re-
sults: The general characteristics of patients on first admission for CHF changed over time.
There were increases in mean age (75.9 + SD 11.2 vs. 81.6 + SD 11.5 years; p < 0.0001), the
proportion of women (48.3% vs. 51.4; p = 0.0001), the number of acute diseases (1.1 + SD
1.4 t0 2.7 +SD 2.5; p <0.0001), and the number of chronic diseases (3.6 + SD 1.9 to 6.5 + SD
2.6); p < 0.001). Accordingly, the median number of diagnoses (from 3 to 7) and itemsets
per patient increased (mean number of items 1.75 vs. 3.4; p < 0.0001), and the associations
of diseases leading to CHF became more complex. Conclusions: This single-center study
shows that in the last two decades, the characteristics of patients with a first hospital ad-
mission for CHF have changed. Patients are older, there is a predominance of women,
and they have a greater number of acute and chronic concomitant diseases, making their
clinical management more difficult.

Keywords: heart failure; temporal trends; multimorbidity

1. Introduction

Congestive heart failure (CHF) is a highly complex clinical syndrome. Its signs and
symptoms are the consequence of structural or functional disorders of ventricular filling
or ejection. Although multiple diseases (e.g., ischemic heart disease, diabetes, etc.) or hab-
its (sedentary lifestyle, etc.) are associated with CHF, the risk they pose for developing
this condition varies greatly [1]. Moreover, the associated diseases usually do not occur
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individually, but rather multimorbidity is more common. When the different conditions
are not only associated but also interact with each other, the complexity of the clinical
approach and treatment is even greater [2]. Notable changes have been observed in the
multimorbidity of Spanish patients, due in part to population aging in recent decades [3—
6]. This undoubtedly entails changes in the presentation of CHF and other diseases. How-
ever, little is known about variations in the clinical presentation of CHF, changes in these
patients’ disease burden, and the influence these factors may have on readmission rates
or mortality [7-9]. Identifying variations in patients, their underlying diseases, and asso-
ciations among diseases is useful for understanding the pathophysiological mechanisms
of CHF onset and improving preventive or therapeutic strategies.

Data mining has been used in different disciplines to extract information from large
amounts of data. In medicine, it has been used in areas as diverse as searching for risk
factors or determining patients’ needs. Given its results, it is considered a suitable tech-
nique for classifying patients and generating predictions [10,11]. This study used data
mining techniques to evaluate which diseases or clusters of diseases are associated with
CHF and analyze how they have evolved over this century.

2. Materials and Methods

This work is a retrospective cohort study on all patients diagnosed with CHF during
hospitalization in any adult medical department of the Lucus Augusti University Hospital
of Lugo, Spain between 1 January 2000 and 31 December 2022.

During the study period, the center had 769 beds distributed among three hospital cen-
ters and provided care for a population of 240,000 inhabitants. This hospital complex was
closed in December 2010. All resources and equipment from the three hospital centers were
transferred to a new building, the Lucus Augusti University Hospital, which has 879 beds.
During both periods, the medical area comprised the following 12 departments: Cardiology,
Endocrinology, Rheumatology, Oncology, Respiratory Medicine, Gastroenterology, Neurol-
ogy, Nephrology, Geriatric Medicine, Infectious Diseases, and Internal Medicine.

The data source was the center’s minimum basic data set (MBDS), a mandatory registry
of clinical information recorded in patients’ electronic medical records. Patients with a diag-
nosis of CHF were selected. The variables analyzed included the hospitalization department,
sex (male/female), date of birth, hospital admission and discharge date, length of stay (days),
destination at discharge, diagnosis-related group (DRG) for the principal diagnosis, and sec-
ondary diagnoses in order of appearance. It is mandatory for all hospitals in Spain to input
these variables for each admission and discharge. Therefore, data were available in all cases,
and no patients were excluded due to missing data. The original data were entered by the
attending healthcare professional and coded by experienced professionals. The International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) was used until
2015, when it was replaced by the ICD-10-CM. Nursing registries were used as additional data
sources and, since 2007, the IANUS computerized database was also used, which gathers all
data from medical care. The database was reviewed for errors such as incomplete data, classi-
fication errors, typing errors, etc. Then, all cases were verified individually, checking the med-
ical record when necessary, until the database was considered error-free. An electronic data-
base of each hospitalization event using all the aforementioned registries was created. It in-
cludes all hospitalizations and their associated principal and secondary diagnoses thought to
be the cause of hospitalizations. Given the absence of a widely agreed-on list of chronic dis-
eases, a modified version of the German MultiCare study adapted to the inpatient context was
used [3]. Under this method, 32 common chronic diseases were defined. Finally, a second clas-
sification of acute diseases was created. To determine which should be included, a qualified
physician defined them as diseases that had been ongoing for less than 30 days. Once this first
database was completed, a second database was generated in which patient data were
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analyzed. It included the main study variables (presence/absence of the 32 chronic diseases)
as well as secondary variables such as gender, date of birth, and hospitalization dates.

The study protocols were approved by the Clinical Research Ethics Committee of
Galicia (CREC of Galicia registry code 2022/372).

Data Analysis

A descriptive analysis of the variable was performed according to the time period. R
software was used to perform an association rule analysis using the Apriori algorithm to
identify patterns in the comorbidities of patients with CHF using the R package ‘arules V
0.4-2" [12,13]. The dataset was classified into five time periods (2000-2004; 2005-2009;
2010-2014; 2015-2019; and 2020-2022). Follow-up was conducted by analyzing the admin-
istrative records with the censoring date of 31 March 2023. Each period included infor-
mation on patients hospitalized for the first time in that period with follow-up until their
last admission. Each record contained sociodemographic and clinical information. The
medical record number was used as a unique identifier so as to connect multiple hospi-
talizations of the same patient and build a database. The data were preprocessed before
applying the Apriori algorithm.

Each sequence of diagnosis codes at the time of medical discharge was referred to as
a transaction. Within a transaction, each diagnosis recorded was an item, and each possi-
ble combination of items in the transaction was called an itemset. The Apriori algorithm
aims to extract the association rules for each set of items within each transaction. A rule
“itemset] (antecedent) — itemset2 (consequent)” indicates that the presence of itemsetl
in a transaction implies the presence of itemset2 in the same transaction. However, it mer-
its mention that the rules derived by the Apriori algorithm do not necessarily establish a
cause-and-effect relationship between itemsets.

The key parameters in association rules are support and confidence. Support indi-
cates the relative frequency of comorbidities in the data set. Confidence is the conditional
probability of the occurrence of itemset2 given itemset1. That is, the percentage of trans-
actions containing both itemsetl and itemset2 in all transactions containing itemsetl. A
third parameter, lift, measures the independence between itemsetl and itemset2. A value
greater than 1 indicates that the antecedent itemset and the consequent itemset are de-
pendent and positively correlated. A value less than 1 indicates that the two itemsets are
independent and there is a weak association between them.

In this work’s analysis, various minimum thresholds for the support and confidence pa-
rameters were tested so as to identify the most significant association rules in each period.
Selecting these thresholds presented certain challenges, as they varied according to the da-
taset’s specific context. Setting extremely high thresholds often resulted in the omission of rel-
evant information. Finally, minimum values of 1% for support, 50% for confidence, and a lift
greater than 1 were established. Among the rules generated, those meeting these criteria
whose antecedents contained a maximum of four elements (ICD-9-CM codes) with a single
consequent, also coded according to ICD-9-CM, were selected and ordered according to con-
fidence level. This selection was made to avoid an excessively dispersed representation that
could result from having a large number of elements in both antecedents and consequents,
which could lead to less meaningful representation of the population.

3. Results

Between 2000 and 2022, 19,727 patients were admitted at least once for CHF. Table 1
shows patients’ clinical characteristics in the five consecutive time periods. Each patient
was assigned to the period of the first CHF admission. Patients’ general characteristics
changed over time. For example, the mean age increased from 75.9 (5D = 11.2) in the 2000-
2004 period to 81.6 (SD = 11.5) in the 2020-2022 period (p = 0.0001). The percentage of men
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decreased significantly (51.7% in the first period versus 48.6% in the last; p = 0.0001). There
were also significant increases in the mean number of acute diseases (1.1 (SD =1.4) to 2.7
(SD =2.5)) and chronic diseases (3.6 (SD =1.9) to 6.5 (SD = 2.6)) (p < 0.001 in both cases). In
summary, over time, patients on their first admission for CHF were increasingly older, a
higher proportion were women, and they had a greater burden of multimorbidity of both
acute and chronic diseases. Changes in average age and chronic conditions can be seen in
Figure 1 and Figure 2, respectively.

Table 1. Clinical characteristics according to periods.

Period Period Period Period Period
2000-2004  2005-2009 2010-2014 2015-2019  2020-2022 P
No. of cases 7059 4697 3674 3238 1059
Age (years) 759+11.2 774+109 789+114 814+11.7 8l.6x11.5 0.0001
Gender (male) 51.7 49.5 49.1 45.7 48.6 0.0001
Acute diseases 1.1+14 14+16 35+3.8 3+3 27+25 0.0001
Chronic diseases 3.6+1.9 41+21 7.7+35 6.4+35 6.5+2.6 0.0001
Readmissions 48+4.2 4+3 32+24 24+1.7 15+09 0.0001
2845.2 2559.7 1707.8

Follow-up time (days)

(2248.1) A7734 a1y SB11(7189) 29192558 0.0001

Continuous variables expressed as mean + SD; Categorical variables expressed as %.

84

82 /\/\,_

80

Age7sg /\/

74

72
5 & O A O DD O A O N
O 7 7 L O & & & &N N QO
AT AT AT AT AR AR DT AR DT AT AP

Figure 1. Evolution of the average age of patients on their first hospital admission.
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Figure 2. Mean number of chronic conditions detected during the patient’s first admission.
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Table 2 shows that over the 22 years of the study, the number of total diagnoses re-
mained relatively stable (252 in the first period to 207 in the last period, which included
two fewer years). However, the median number of diagnoses per patient (3 to 7) and num-
ber of itemsets increased. The itemsets also became progressively more complex, includ-
ing a greater number of items (1.75 to 3.4; p <0.0001).

Table 2. Diagnoses and Items by Period.

Period Period Period Period Period
2000-2004 2005-2009 2010-2014 2015-2019 2020-2022

No. of cases 7059 4697 3674 3238 1059

No. of transactions 30,344 17,829 11,198 7540 1539

No. of diagnoses 252 251 245 238 207
D1e.1gnoses pfer pa- 3 4 5 5 7

tient (median)
Itemset 218 354 1134 1315 4241

Majority No.
items/itemset (%)

2 Items (51.4%) 2 Ttems (52.8%) 3 Items (37.1%) 3 Items (40.3%) 4 Ttems (34.2%)

Items (median)

2 2 3 3 3

Items (mean) 1

.75 1.95 2.77 2.82 3.44

An analysis of association rules using the Apriori algorithm allowed for identifying
the most probable patterns that developed as a consequence of heart failure (HF) in the
different periods (Table 3) (see Appendix Table A1 for the complete tables). Between 2000
and 2004, the association between cardiomyopathy and CHF was notable (confidence
72.08% and lift 1.59). Relevant associations were also identified: pulmonary hypertension,
valvular heart disease, arrhythmias, chronic obstructive pulmonary disease, type 2 diabe-
tes mellitus, and acute renal failure were frequent antecedents of CHF.

Table 3. Rules of association.

Rules of Association 2000-2004 Support Confidence Lift Number
{Cardiomyopathy} _»  (Congestiveheart 5 0.7208 1.5891 581
failure}
ive h
(Pulmonary hypertension) ~ => | _ongestiveheart o, )5 0.5958 1.3133 759
failure}
{Valvular heart .chsease, Ar- - {Conge.stlve heart 0.0121 05919 1.3049 367
rhythmias} failure}
{Arrhythmias, Miscellane- - {Conge.stlve heart 0.0268 0.5824 19838 813
ous} failure}
. {Congestive heart
{Valvular heart disease} => . 0.0431 0.5761 1.2701 1309
failure}
{Diabetes mell.ltus 2, Ar- - {Conge.stlve heart 0.0107 0.5755 19686 304
rhythmias} failure}
{Other mfect%ons, Arrhyth- - {Conge.stlve heart 0.0128 0.5742 1.9657 187
mias} failure}
. . {Congestive heart
{Acute kidney failure} = . 0.0393 0.5741 1.2656 1193
failure}
{Valvular heart disease, Mis- - {Conge.stlve heart 0.0112 0.5736 12645 339
cellaneous} failure}
{Arrhythmias, chronic ob- (Congestive heart
iv
structive pulmonary dis- => & 0.0113 0.5736 1.2644 343

ease}

failure}
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Rules of association 2005-2009 Support Confidence Lift Number
{Chronic klldney dls.ease, _ {Conggstwe heart 0.0102 0.7583 15503 189
Acute respiratory failure} failure}
{Valvular heart dlseas.e, Pul- - {Conge.stlve heart 0.0121 0.7465 1.5081 215
monary hypertension} failure}
{Arrhythmla's, Acute kidney ~ _ {Conge.stlve heart 0.0126 0.7329 1.5002 25
failure} failure}
. {Congestive heart
{Pleural effusion} = . 0.0184 0.7321 1.4987 328
failure}
{Arrhythmias, I.Acute respir- - {Conge.stlve heart 0.0121 0.7264 1.4868 215
atory failure} failure}
{Acute resplrator}./ failure, - {Conge.stlve heart 0.0116 0.7263 1.4867 207
Acute renal failure} failure}
{Chronic kldney.dlsease, Ar- - {Conge.stlve heart 0.013 0.7108 1.4549 231
rhythmias} failure}
. {Congestive heart
{Cardiomyopathy} => . 0.0175 0.7107 1.4548 312
failure}
{Anemia, Arrhythmias) _, [Congestiveheart ) 0.7036 1.4402 216
failure}
(Pulmonary hypertension] = \congestiveheart g a0 0.6945 1.4217 598
failure}
Rules of association 2010-2014 Support Confidence Lift Number
{Hypertension, Arrhyth- .
mias, Acute respiratory fail-  => (_ongestiveheart g, 0.9058 1.609 125
) failure}
ure, Miscellaneous}
{Hypertension, Arrhyth- .
h
mias, Acute respiratory fail- =  (_orgestiveheart . 0, 0.8976 1.5945 114
et as failure}
ure, Atrial fibrillation}
{Hypertension, Acute respir- .
atory failure, Atrial fibrilla- = (Congestiveheart o) 0.8931 1.5865 117
; failure}
tion}
{Hypertension, Arrhyth- .
mias, Acute respiratory fail-. > (Congestiveheart o, 0.8771 1.558 157
failure}
ure}
{Arrhyt.hmlas, Acute respir- - {Conge.stlve heart 0.0176 0.8717 1.5484 197
atory failure, Miscellaneous} failure}
{Cardiomyopathies, Miscel- - {Conge.stlve heart 0.011 0.8662 15387 123
laneous} failure}
{Acute respiratory failure, .
Atrial fibrillation, Miscella- = | ongestiveheart o, 550 0.8652 15368 154
failure}
neous}
{Arrhythmias, Acute respir- .
h
atory failure, Atrial fibrilla- = Congestiveheart o, g 0.8639 1.5346 146
. . failure}
tion, Miscellaneous}
{Arrythmias, A.xcute respira- _ {Conggshve heart 0.0278 0.8567 15219 311
tory failure} failure}
{Valvular .heart dlse.ase, - {Conge§t1ve heart 0.0127 0.8503 15104 149
Acute respiratory failure} failure}
Rules of association 2015-2019 Support Confidence Lift Number
{Arrhythmias, Acute respir- .
tive heart
atory failure, Acute renal = {Congestive hear 0.0123 0.949 1.44 93

failure}

failure}
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{Chronic kidney disease, Ar- (Congestive heart
rhythmias, Acute respira- => failure] 0.0117 0.9263 1.4056 88
tory failure}
{Arrythmias, Acute respira- - {Congestive heart 0.0459 0.9081 1378 346
tory failure} failure} ’ ) )
{Arrhythmias, Acute respir- ~ {Congestive heart
atory failure, Miscellaneous} = failure} 0.0275 0.9039 1.3716 207
{Hypertension, Arrhyth- .
mias, Acute respiratory fail- = {Con%e.sltlve heart 0.0218 0.9011 1.3673 164
urel ailure}
{Valvular heart disease, Car- By {Congestive heart
diomyopathies] => failure] 0.0102 0.8953 1.3586 77
{Other infections, Arrhyth- {Congestive heart
mias, Acute respiratory fail- => failure) 0.0164 0.8921 1.3537 124
ure, Miscellaneous}
{Other infections, Arrhyth- {Congestive heart
mias, Acute respiratory fail- = failure] 0.0252 0.892 1.3536 190
ure}
{Hypertension, Arrhyth- .
mias, Acute respiratory fail-  => {Confe,sltlve heart 4 0147 0.888 1.3475 111
ure, Miscellaneous} ailure}
{Chronic kidney disease, {Congestive heart
Acute respiratory failure, => 0.0156 0.8872 1.3463 118

Acute renal failure}

failure}

The term ‘arrhythmias’ includes all arrhythmias except atrial fibrillation. Support: The relative fre-
quency of comorbidities in the data set. Confidence: The conditional probability of the occurrence
of itemset2 given itemset1. Lift: Measures the independence between itemset1 and itemset2. A value
greater than 1 indicates that the antecedent itemset and the consequent itemset are dependent and

positively correlated.

In 20052009, combinations such as renal and respiratory failure (confidence 75.8%,
lift 1.55) or valvular heart disease and pulmonary hypertension stood out, with a confi-
dence of 74.6%. There was a greater presence of arrhythmias, cardiomyopathies, and res-
piratory disorders in CHF cases, reflecting a more complex clinical profile. This trend to-
ward greater diagnostic complexity continued between 2010 and 2014, with a notable link
between atrial fibrillation and metabolic disorders. Associations were also observed be-
tween hypertension, valvular heart disease, diabetes, obesity, arrhythmias, and progres-
sion to CHF.

In 2015-2019, multiple high-confidence rules were identified that consolidated the
aforementioned relationships. In 2020-2022, complex combinations persisted, such as ar-
rhythmias and heterogeneous problems (confidence 100%, support 5.26%), ischemic heart
disease and renal failure (support 3.77%), and hypertension and arrhythmias (support
3.12%). This showed a trend toward a more complex clinical profile and an increasing
burden of comorbidity.

4. Discussion

This study shows that from 2000 to 2022, the characteristics of patients with CHF
hospitalized for the first time have changed substantially. First, there has been a gradual
increase in age and a consequent—and growing —complexity of the first hospital admis-
sion. Second, there is an increasing predominance of women. Third, the diseases leading
to CHF have changed in part over time. Finally, although the number of underlying
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diseases is small, they tend to combine in increasingly numerous and heterogeneous
groups and their management has become progressively more difficult. In summary, pa-
tients with CHF have changed and their clinical management is increasingly complex.

It is well known that CHF results from the variable sum of different diseases that
decompensate the patient, either by gradual worsening or by an external factor that trig-
gers decompensation. Therefore, cardiovascular and non-cardiovascular multimorbidity
and frailty are becoming more common, resulting in highly varied and complex clinical
pictures [8]. Logically, a patient’s age is a very relevant underlying factor [5] and popula-
tion aging, a universal phenomenon that is more pronounced in higher-income countries,
implies that CHF prevalence will continue to increase [14-16]. In this context of advanced
age, multimorbidity, and frailty, the spectrum of cardiac and non-cardiac diseases associ-
ated with CHF is very broad and requires a comprehensive clinical approach [3]. This
changing situation requires new diagnostic and therapeutic strategies that are realistic
and adapted to the local setting [14]. However, these changing circumstances are not al-
ways taken into account. For example, clinical trials do not often adequately include this
type of patient, which may limit the appropriate use of new drugs [17]. What’s more, the
left ventricular ejection fraction (LVEF), the parameter most commonly used to evaluate
patients with CHF, does not correlate well with multimorbidity, which is high in all cases
but with a higher prevalence of noncardiac comorbidities in patients with preserved LVEF
[18]. Furthermore, LVEF does not demonstrate a consistent association with mortality
[19]. Therefore, new approaches in addition to the classic approaches are needed. This
study shows that although the number of underlying diseases is not very high, their rela-
tive frequency has changed, the combinations between them have become increasingly
complex, and the resulting clinical pictures differ according to age and sex. The reasons
for these changes are beyond this study’s scope, but the data suggest they may be related
to an increase in the age of CHF onset, improvement in previous care, and perhaps local
determinants. However, the consequences are very significant, as doctors must treat dif-
ferent and more complex patients, which changes their therapeutic management, the re-
sources required to treat them, and morbidity and mortality.

This work found an increase of up to six years in the age of first admission for CHF
over the study period. In that same period, life expectancy at birth in Galicia, Spain, in-
creased by 3.12 years to 80.44 years for men and 86.45 years for women in 2022 [20]. Like-
wise, there has been a gradual increase in the proportion of women; indeed, women have
been the majority of new cases for the last 20 years. Taken together, these facts indicate a
gradual shift in the patient profile toward older women [21]. Different studies have re-
ported notable differences in CHF management between men and women [6,21-24]. For
example, women are more likely to receive treatment that worsens CHF and are less likely
to have cardiac studies performed [6]. This could be related to specific barriers in some
countries [6] or to the most recent diagnostic criteria and the most innovative treatments
in patients with heart failure with preserved ejection fraction [25]. This study’s data indi-
cate that differences may be in part due to the older age and greater multimorbidity in
women and the clinical and demographic differences associated with gender [3].

This study shows that the number of underlying chronic diseases in incident cases
has almost doubled in just 20 years. Although it is known that the burden of multimor-
bidity is high in all cases [8], it differs according to sex [3,25,26]. This suggests that the
different chronic diseases are not associated by chance, but rather are part of age- and sex-
linked clusters [27]. This situation, which is independent of the patient’s ejection fraction,
means that the prognosis during hospitalization will differ according to gender [28,29].

Another noteworthy finding is the significant increase in the number of acute diseases
diagnosed during hospital admission (Table 1). This fact, which to the authors’ knowledge has
not been previously reported, includes diseases that can be precipitating factors of CHF (e.g.,
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infection of any origin) and those derived from congestion (e.g., hyponatremia). It could be
claimed that this increase was partially secondary to differences in coding at different times
during the follow-up period. However, this seems unlikely, as changes in the coding team
were minimal during this period. In the authors’ opinion, this is more likely related to older
individuals’ greater likelihood of having more diseases or having new ones triggered after an
initial major health problem. Consequently, it is a new factor that increases patient complexity
and difficulties in their management in clinical practice. This entails significant changes in the
management and follow-up on these patients.

Taken together, these data suggest that as age and the proportion of women increase,
the number of concomitant diseases increases, with a change, at least partially, in the most
common diseases found in previous periods. The increased presence of some diseases
does not mean that more traditional ones have disappeared, but rather that their relative
frequency has changed (Table 3). For example, there is an increased prevalence of atrial
fibrillation and depression in admissions for CHF in more recent periods [30]. Although
both diseases are associated with more advanced stages of CHF, their greater frequency
could also be related to changes in age and gender. Another issue is discerning which
diseases were known prior to admission and what the temporal sequence of their onset
was in the different time periods (ordering them according to greatest support). Other
studies have observed significant changes in the prevalence of different diseases associ-
ated with CHF, such as ischemic heart disease [31]. Indeed, similar trends have been ob-
served in studies conducted in different countries, although with marked regional dispar-
ities [8,14,16,31-34].

This study has several strengths and limitations. The strengths include the large
number of patients included, the exhaustive data collection, and the long time period an-
alyzed. On the other hand, there are certain limitations. First, it could be claimed that the
data collection was not as exhaustive in the study’s first years, and thus the differences
were merely the result of incomplete data collection. However, an administrative database
of a single center was used, and the same criteria were always followed. What's more, it
has already been evaluated in previous studies. Therefore, this possible limitation is mit-
igated, though the study’s generalizability may be more limited. Second, the retrospective
design could raise doubts about the quality and veracity of clinical information included
for analysis, since the data source was an administrative database. However, the study
was conducted based on the medical records made by attending physicians, and the sub-
sequent coding was independently verified by researchers who are themselves experi-
enced physicians. Third, not having the LVEF may be an important shortcoming that
could limit this study’s interpretation. However, the study started when this parameter
did not have the weight it has today in the classification and clinical management of these
patients. Furthermore, multimorbidity is high and heterogeneous in all types of ventricu-
lar ejection fraction. Finally, the data are from a single hospital in Spain. The results cannot
necessarily be extrapolated to other geographic regions or hospitals of different sizes; con-
ducting similar studies in other health districts in Spain would thus be of interest.

In summary, this single-center study shows that the presentation of new cases of CHF
has changed over time. Cases are more complex, there is a predominance of women, more
advanced age, and more pronounced multimorbidity with an increase in noncardiovas-
cular diseases and concomitant acute diseases. This will entail very significant changes in
the management, routine clinical practice, and follow-up of these patients. More studies
are needed on the local level as these changes may differ according to geographic areas.
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Appendix A

Table A1. Rules of association.

Rules of Association 2000-2004 Support Confidence Lift Number
{Cardiomyopathy} => {Congestive heart failure} 0.0191 0.7208 1.5891 581
{PUImon;rgn}}‘yperten' = {Congestive heart failure}  0.025 0.5958 1.3133 759
{Valvular heart.dlsease, = {Congestive heart failure} 0.0121 0.5919 1.3049 367
Arrhythmias)
{Arrhythmias, Miscel- {Congestive heart failure} ~ 0.0268 0.5824 1.2838 813
laneous}
{Val"ulj;::;art dis- —>  {Congestive heart failure} ~ 0.0431 0.5761 1.2701 1309
(Diabetes Mel.l 1tus 2, => {Congestive heart failure} 0.0107 0.5755 1.2686 324
Arrhythmias}
{Other infections, A= __ (o estive heart failure) 00128 0.5742 1.2657 387
rhythmias}
{Acute kidney failure} => {Congestive heart failure} 0.0393 0.5741 1.2656 1193
(Valvularheart disease, oo ohive heart failure} 0,012 0.5736 1.2645 339
Miscellaneous}
{Arrhythmias, chronic
obstructive pulmonary => {Congestive heart failure} 0.0113 0.5736 1.2644 343
disease}
Valvular heart di
{Valvular hear .dlsease, = {Congestive heart failure} 0.0112 0.5721 1.2613 341
Hypertension}
{Atrial fibrillation} => {Congestive heart failure} 0.0143 0.5606 1.2357 435
{Chrom(‘;:sl;ney dis= . |Congestive heart failure}  0.0378 0.5584 1.231 1147
{Arrhythmias} => {Congestive heart failure} 0.0799 0.5548 1.2231 2423
th 1 is-
{Other pulmonary dis-—__ | ostive heart failure} 001 0.5497 12118 304

ease}
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{Acute reili;atory fail- = {Congestive heart failure} 0.0432 0.5437 1.1986 1312
{Dementia} => {Congestive heart failure} 0.0245 0.5319 1.1725 742
{Anemia} => {Congestive heart failure} 0.0413 0.5208 1.148 1253
(Hypertension, Ar- —>  {Congestive heart failure}  0.0239 0.5197 1.1456 726
rhythmias}
tAbnormality onaddi- oo ive heart failure} 00194 0.5162 1.1379 590
tional tests}
(Diffuse Parenchymal - __ o tive heart failure}  0.0165 0.516 1.1374 501
Lung Disease}
{Drug adverse effects} => {Congestive heart failure} 0.018 0.5156 1.1365 547
{Goiter} = {Congestive heart failure} 0.0137 0.5142 1.1335 417
{Other kidney diseases} = {Congestive heart failure} 0.012 0.507 1.1176 363
Rules of association 2005-2009 Support Confidence Lift Number
{Chronic kidney dis-
ease, Acute respiratory => {Congestive heart failure} 0.0102 0.7583 1.5523 182
failure}
{Valvular heart disease,
Pulmonary hyperten- => {Congestive heart failure} 0.0121 0.7465 1.5281 215
sion}
{Arrythmias, Acute = {Congestive heart failure}  0.0126 0.7329 1.5002 225
kidney failure}
{Pleural effusion} => {Congestive heart failure} 0.0184 0.7321 1.4987 328
{Arrh.ythmlas, .Acute = {Congestive heart failure} 0.0121 0.7264 1.4868 215
respiratory failure}
{Acute respiratory fail-
ure, Acute renal fail- => {Congestive heart failure} 0.0116 0.7263 1.4867 207
ure}
(Chronic kidney dis- o estive heart failure] 0,013 0.7108 1.4549 231
ease, Arrhythmias)
{Cardiomyopathy} => {Congestive heart failure} 0.0175 0.7107 1.4548 312
{Anemia, Arrhythmias} => {Congestive heart failure} 0.0121 0.7036 1.4402 216
{PUImonzgn};yperte“' = {Congestive heart failure} ~ 0.0335 0.6945 1.4217 598
{Other mental disor-——__" 0 oo itive heart failure)  0.0104 0.6877 1.4078 185
ders, Arrhythmias}
{Arrhythmias, Hydro-
nephrosis/Acute Uri- => {Congestive heart failure} 0.0124 0.6863 1.4049 221
nary Retention}
(Other infections, A= o ostive heart failure}  0.0183 0.6579 1.3468 327
rhythmias}
tValvular heart disease, o Give heart failure) 00216 0.6559 1.3426 385
Arrhythmias}
{Other infections,
Chronic kidney dis- = {Congestive heart failure} 0.011 0.6384 1.3069 196
ease}
{Valvular heart disease,
Hypertension, Ar- => {Congestive heart failure} 0.0103 0.6354 1.3007 183
rhythmias}
{Chronic kidney dis-
ease, Acute renal fail- = {Congestive heart failure} 0.0164 0.6342 1.2982 293

ure}
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{Valvular heart dis-

case) = {Congestive heart failure} 0.0621 0.634 1.2978 1107
(Valvularheart disease, oo tive heart failure}  0.0193 0.6335 1.2968 344
Miscellaneous}
(Acute reiiler}atory fail- . (Congestive heart failure]  0.065 0.6233 12758 1158
{Myopericarditis} = {Congestive heart failure} 0.0154 0.6222 1.2736 275
A i fail-
(Acute r.esplratory al => {Congestive heart failure} 0.018 0.6209 1.2709 321
ure, miscellaneous}
{Arrhythmias, Chronic
obstructive pulmonary => {Congestive heart failure} 0.0113 0.6204 1.2699 201
disease}
tAcute Renal failure, -\ o tive heart failure)  0.0127 0.6192 1.2674 226
miscellaneous}
H i A
(Hypertension, Acute 0 oo ive heart failure] 0,011 0.6183 1.2656 196
respiratory failure}
Arrhythmi iscel-
{Arrhythmias, Misce = {Congestive heart failure} 0.04 0.6182 1.2654 714
laneous}
(Diabetes Mellitus 2, __ o ctive heart failure} 00153 0.6085 1.2456 272
Arrhythmias}
{Other infections,
Acute respiratory fail- => {Congestive heart failure} 0.0173 0.6063 1.2411 308
ure}
Ivular h i
tValvular heart disease, 0o octive heart failure)  0.0214 0.6038 1.236 381
Hypertension}
{Chromz:;g“ey dis- —>  {Congestive heart failure} ~ 0.0545 0.6034 1.235 972
{Arrhythmias} = {Congestive heart failure} 0.0992 0.6031 1.2346 1769
{Anemia, Chronickid-__ 0 o ive heart failure] 00121 0.6022 1.2328 215
ney disease}
ther infecti
[Other infec 1.ons, = {Congestive heart failure} 0.0135 0.6015 1.2313 240
Acute renal failure}
{Other endocrine dis- . .
= h fail .0107 . 1.221 191
case, Atrial fibrillation) > {Congestive heart failure} 0.010 0.5969 8 9
{Chronic kidney dis- o estive heart failure} 00133 0.5906 1.2089 238
ease, Miscellaneous}
h 1 is-
(Other pl;;:eo}nary dis= . (Congestive heart failure}  0.019 0.5885 1.2047 339
A ia, Miscellane-
{ nemla;us;sce ane = {Congestive heart failure} 0.0148 0.5884 1.2044 263
{Acute kidney failure} => {Congestive heart failure} 0.056 0.5871 1.2017 998
{Atrial fibrillation} = {Congestive heart failure} 0.0273 0.5825 1.1924 487
(Hypertension, Ar- —>  {Congestive heart failure} ~ 0.0356 0.5695 1.1658 635
rhythmias}
{Hypertension, Ar-
rhythmias, Miscellane- = {Congestive heart failure} 0.0171 0.569 1.1648 305
ous}
{Ischemic heart. disease, = {Congestive heart failure} 0.0124 0.5638 1.154 221
Arrhythmias}
{Hydronephro-
sis/Acute Urinary Re- => {Congestive heart failure} 0.0118 0.5627 1.1518 211

tention, Miscellaneous}
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{Dementia} => {Congestive heart failure} 0.034 0.5616 1.1496 606
{Chromc. respiratory => {Congestive heart failure} 0.0129 0.561 1.1483 230
failure}
{Adverse drug event} => {Congestive heart failure} 0.0293 0.5607 1.1477 522
(Cardiac prlosthe51s or = {Congestive heart failure} 0.0201 0.5508 1.1274 358
device}

{Anemia} => {Congestive heart failure} 0.0523 0.5466 1.1189 932
{Other e.ndocrme dis- = {Congestive heart failure} 0.0105 0.5374 1.0999 187
ease, Miscellaneous}

{Goiter} => {Congestive heart failure} 0.0136 0.5352 1.0956 243
(Other mliff;ons' M€ (Congestive heart failure}  0.0102 0.5339 1.0929 181
{Acute-on-chronic res- . .
. . => {Congestive heart failure} 0.0164 0.528 1.0809 292
piratory failure}
th tal disor-
{Other mental disor —>  {Congestive heart failure}  0.0108 0.5246 1.0738 192
ders, Miscellaneous}
Dyslipidemia, Ar-
(Dyslipi en.ua, r = {Congestive heart failure} 0.0132 0.5244 1.0735 236
rhythmias}
{Social problems} = {Congestive heart failure} 0.0179 0.5212 1.067 319
{Oxygen therapy de- o estive heart failure) 00132 0.521 1.0664 236
pendence}
{Anemia, Hyperten- . .
sion} = {Congestive heart failure} 0.0113 0.5206 1.0657 202
{Electrolyte disorders} => {Congestive heart failure} 0.0342 0.5201 1.0646 609
{Hydronephro-
sis/Acute Urinary Re- => {Congestive heart failure} 0.0453 0.5193 1.0629 808
tention}
(Personal history of ne-__= o ative heart failure]  0.0154 0.5159 1.0561 275
oplasm}
{Ischer.mc heart disease, = {Congestive heart failure} 0.014 0.5155 1.0551 250
Miscellaneous}
{Other kidney diseases} => {Congestive heart failure} 0.0131 0.5143 1.0529 233
{Other infections, Mis- {Congestive heart failure}  0.0186 0.514 1.0521 331
cellaneous}
(Diffuse Parenchymal 0 oo ctive heart failure)  0.0169 0.5119 1.0478 302
Lung Disease}
h X ._
(Other e:sszc}rme dis = {Congestive heart failure} ~ 0.0373 0.5076 1.0391 665
{Other infections, Hy-
dronephrosis/Acute => {Congestive heart failure} 0.022 0.5064 1.0367 393
Urinary Retention}
{Asthma} = {Congestive heart failure} 0.0132 0.5054 1.0345 235
h 1 disor-
{Other rzz‘:f disor —>  {Congestive heart failure} ~ 0.0374 0.5053 1.0343 667
A lit i-
tAbnormality onaddi- o ooiive heart failure) 00252 0.5017 1.0269 449
tional tests}
{Atherosclerosis} => {Congestive heart failure} 0.0115 0.5012 1.026 205
Rules of association 2010-2014 Support Confidence Lift Number
{Hypertension, Ar-
rhythmias, Acute res- . .
=> {Congestive heart failure} 0.0112 0.9058 1.609 125

piratory failure, Miscel-

laneous}
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{Hypertension, Ar-
rhythmias, Acute res-
piratory failure, Atrial

fibrillation}

{Congestive heart failure}

0.0102

0.8976

1.5945

114

{Hypertension, Acute
respiratory failure,
Atrial fibrillation}

{Congestive heart failure}

0.0104

0.8931

1.5865

117

{Hypertension, Ar-
rhythmias, Acute res-
piratory failure}

{Congestive heart failure}

0.014

0.8771

1.558

157

{Arrhythmias, Acute
respiratory failure,
Miscellaneous}

{Congestive heart failure}

0.0176

0.8717

1.5484

197

{Cardiomyopathies,
Miscellaneous}

{Congestive heart failure}

0.011

0.8662

1.5387

123

{Acute respiratory fail-
ure, Atrial fibrillation,
Miscellaneous}

{Congestive heart failure}

0.0138

0.8652

1.5368

154

{Arrhythmias, Acute
respiratory failure,
Atrial fibrillation, Mis-
cellaneous}

{Congestive heart failure}

0.013

0.8639

1.5346

146

{Arrythmias, Acute res-
piratory failure}

{Congestive heart failure}

0.0278

0.8567

1.5219

311

{Valvular heart disease,
Acute respiratory fail-
ure}

{Congestive heart failure}

0.0127

0.8503

1.5104

142

{Chronic kidney dis-
ease, Arrhythmias,
Acute renal failure}

{Congestive heart failure}

0.0101

0.8496

1.5092

113

{Arrhythmias, Acute
respiratory failure,
Atrial fibrillation}

{Congestive heart failure}

0.0166

0.8493

1.5087

186

{Acute respiratory fail-
ure, Atrial fibrillation}

{Congestive heart failure}

0.018

0.8487

1.5076

202

{Dyslipidemia, Acute
respiratory failure,
Miscellaneous}

{Congestive heart failure}

0.01

0.8358

1.4847

112

{Chronic kidney dis-
ease, Acute respiratory
failure}

{Congestive heart failure}

0.0162

0.8341

1.4816

181

{Valvular heart disease,
Acute renal failure}

{Congestive heart failure}

0.0126

0.8294

1.4733

141

{Ischemic heart disease,
Acute renal failure}

{Congestive heart failure}

0.0101

0.8248

1.4652

113

{Other infections, Ar-
rhythmias, Acute res-
piratory failure}

{Congestive heart failure}

0.01

0.8235

1.4629

112

{Chronic kidney dis-
ease, Arrhythmias,
Miscellaneous}

{Congestive heart failure}

0.0142

0.8196

1.4559

159
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{Valvular heart disease,
pulmonary hyperten-
sion}

{Congestive heart failure}

0.0164

0.8142

1.4462

184

{Other endocrine dis-
ease, Cardiomyopathy}

{Congestive heart failure}

0.01

0.8116

1.4417

112

{Chronic kidney dis-
ease, Arrhythmias,
Atrial fibrillation}

{Congestive heart failure}

0.0115

0.8063

1.4322

129

{Acute respiratory fail-
ure, acute renal failure}

{Congestive heart failure}

0.0202

0.8014

1.4236

226

{Anemia, Arrhythmias,
Miscellaneous}

{Congestive heart failure}

0.014

0.801

1.4229

157

{Acute respiratory fail-
ure, Hydronephro-
sis/Acute Urinary Re-
tention}

{Congestive heart failure}

0.0129

0.8

1.4211

144

{Arrhythmias, Other
pulmonary disease,
Miscellaneous}

=

{Congestive heart failure}

0.0121

0.8

1.4211

136

Rules of association 2015-2019

Support

Confidence

Lift

Number

{Arrhythmias, Acute
respiratory failure,
acute renal failure}

=

{Congestive heart failure}

0.0123

0.949

1.44

93

{Chronic kidney dis-
ease, Arrhythmias,
Acute respiratory fail-
ure}

{Congestive heart failure}

0.0117

0.9263

1.4056

88

{Arrhythmias, Acute
respiratory failure}

{Congestive heart failure}

0.0459

0.9081

1.378

346

{Arrhythmias, Acute
respiratory failure,
Miscellaneous}

{Congestive heart failure}

0.0275

0.9039

1.3716

207

{Hypertension, Ar-
rhythmias, Acute res-
piratory failure}

{Congestive heart failure}

0.0218

0.9011

1.3673

164

{Valvular heart disease,
Cardiomyopathies}

{Congestive heart failure}

0.0102

0.8953

1.3586

77

{Other infections, Ar-
rhythmias, Acute res-
piratory failure, Miscel-
laneous}

{Congestive heart failure}

0.0164

0.8921

1.3537

124

{Other infections, Ar-
rhythmias, Acute res-
piratory failure}

{Congestive heart failure}

0.0252

0.892

1.3536

190

{Hypertension, Ar-
rhythmias, Acute res-
piratory failure, Miscel-
laneous}

{Congestive heart failure}

0.0147

0.888

1.3475

111

{Chronic kidney dis-
ease, Acute respiratory
failure, Acute renal
failure}

{Congestive heart failure}

0.0156

0.8872

1.3463

118
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{Valvular heart disease,
Acute respiratory fail-
ure}

{Congestive heart failure}

0.0198

0.8869

1.3458

149

{Valvular heart disease,
pulmonary hyperten-
sion}

{Congestive heart failure}

0.0176

0.8867

1.3454

133

{Other infections, Men-
tal disorders, Arrhyth-
mias}

{Congestive heart failure}

0.0114

0.8866

1.3453

86

{Anemia, Acute respir-
atory failure, Miscella-
neous}

{Congestive heart failure}

0.0103

0.8864

1.345

78

{Ischemic heart disease,
Acute respiratory fail-
ure}

{Congestive heart failure}

0.0145

0.8862

1.3447

109

{Dyslipidemia, Cardio-
myopathies}

{Congestive heart failure}

0.0113

0.8854

1.3435

85

{Diabetes mellitus 2,
Arrhythmias, Acute
respiratory failure}

{Congestive heart failure}

0.0106

0.8791

1.334

80

{Pulmonary hyperten-
sion, Arrhythmias}

{Congestive heart failure}

0.0143

0.878

1.3324

108

{Dyslipidemia, Ar-
rhythmias, Acute res-
piratory failure}

{Congestive heart failure}

0.013

0.875

1.3277

98

{Other infections,
Acute respiratory fail-
ure, Acute renal fail-
ure}

{Congestive heart failure}

0.0182

0.8726

1.3241

137

{Chronic kidney dis-
ease, Acute respiratory
failure}

{Congestive heart failure}

0.0135

0.8718

1.3229

102

{Cardiomyopathies,
Arrhythmias)

{Congestive heart failure}

0.0131

0.8684

1.3177

99

{Chronic kidney dis-
ease, Acute respiratory
failure}

{Congestive heart failure}

0.0292

0.8661

1.3143

220

{Other infections, Hy-
pertension, Arrhyth-
mias, Acute respiratory
failure}

{Congestive heart failure}

0.0127

0.8649

1.3124

96

{Other infections, De-
mentia, Arrhythmias}

{Congestive heart failure}

0.0133

0.8621

1.3081

100

{Acute respiratory fail-
ure, Acute renal failure,
Miscellaneous}

{Congestive heart failure}

0.0149

0.8615

1.3073

112

{Acute respiratory fail-
ure, acute renal failure}

{Congestive heart failure}

0.0338

0.8615

1.3072

255

{Other infections, Ar-
rhythmias, Acute renal
failure, Miscellaneous}

{Congestive heart failure}

0.0115

0.8614

1.3071

87
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{Other infections,
Chronic kidney dis-
ease, Arrhythmias}

{Congestive heart failure}

0.0139

0.8607

1.306

105

{Cardiomyopathy}

{Congestive heart failure}

0.0325

0.8596

1.3044

245

{Cardiomyopathies,
Miscellaneous}

{Congestive heart failure}

0.0146

0.8594

1.304

110

{Anemia, Acute respir-
atory failure}

{Congestive heart failure}

0.0227

0.855

1.2974

171

{Mental disorders, Hy-
pertension, Arrhyth-
mias}

{Congestive heart failure}

0.0133

0.8547

1.2969

100

{Other infections, Ar-
rhythmias, Acute renal
failure}

{Congestive heart failure}

0.0179

0.8544

1.2965

135

{Mental disorders, Ar-
rhythmias}

{Congestive heart failure}

0.0247

0.8532

1.2947

186

{Mental disorders, Ar-
rhythmias, Miscellane-
ous}

{Congestive heart failure}

0.013

0.8522

1.2931

98

{Electrolyte disorders,
Hypertension, Ar-
rhythmias}

{Congestive heart failure}

0.0113

0.85

1.2898

85

{Other infections, Obe-
sity, Arrhythmias}

{Congestive heart failure}

0.0102

0.8462

1.284

77

{Other infections,
Acute respiratory fail-
ure, Hydronephro-
sis/Acute Urinary Re-
tention}

{Congestive heart failure}

0.0107

0.8438

1.2803

81

{Other infections, Is-
chemic heart disease,
Miscellaneous}

{Congestive heart failure}

0.0105

0.8404

1.2753

79

{Electrolyte disorders,
Valvular heart disease}

{Congestive heart failure}

0.0111

0.84

1.2746

84

{Pulmonary hyperten-
sion}

{Congestive heart failure}

0.0381

0.8392

1.2734

287

{Other infections, Ane-
mia, Arrhythmias}

{Congestive heart failure}

0.0138

0.8387

1.2727

104

{Obesity, Valvular
heart disease}

{Congestive heart failure}

0.0143

0.8372

1.2704

108

{Other infections, Is-
chemic heart disease,
Miscellaneous}

{Congestive heart failure}

0.0163

0.8367

1.2697

123

{Hypothyroidism, Ar-
rhythmias}

{Congestive heart failure}

0.0115

0.8365

1.2694

87

{Obesity, Hyperten-
sion, Arrhythmias}

{Congestive heart failure}

0.0183

0.8364

1.2691

138

{Other infections,
Chronic kidney dis-
ease, Acute respiratory
failure}

{Congestive heart failure}

0.0142

0.8359

1.2685

107

{Obesity, Arrhythmias}

{Congestive heart failure}

0.029

0.8327

1.2635

219
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{Other infections. Vas-
cular heart disease, Ar-
rhythmias}

{Congestive heart failure}

0.0145

0.8321

1.2626

109

{Obesity, Acute respir-
atory failure, Miscella-
neous}

{Congestive heart failure}

0.0105

0.8316

1.2618

79

{Pleural effusion}

{Congestive heart failure}

0.0261

0.8312

1.2613

197

{Diabetes mellitus 2,
Acute respiratory fail-
ure}

{Congestive heart failure}

0.0245

0.8296

1.2588

185

{Other infections, Hy-
pothyroidism}

{Congestive heart failure}

0.0102

0.828

1.2563

77

{Other endocrine dis-
ease, Acute respiratory
failure.}

{Congestive heart failure}

0.0159

0.8276

1.2558

120

{Hypertension, Cardio-
myopathies)

{Congestive heart failure}

0.0114

0.8269

1.2548

86

{Acute respiratory fail-
ure, Hydronephro-
sis/Acute Urinary Re-
tention}

{Congestive heart failure}

0.0183

0.8263

1.2539

138

{Electrolyte disorders,
Valvular heart disease}

{Congestive heart failure}

0.0113

0.8252

1.2522

85

{Other infections, Men-
tal disorders, Arrhyth-
mias}

{Congestive heart failure}

0.0113

0.8252

1.2522

85

{Valvular heart disease,
Chronic kidney dis-
ease}

{Congestive heart failure}

0.026

0.8235

1.2496

196

{Anemia, Hyperten-
sion, Arrhythmias}

{Congestive heart failure}

0.0149

0.8235

1.2496

112

{Diabetes mellitus 2,
Hypertension, Acute
respiratory failure}

{Congestive heart failure}

0.013

0.8235

1.2496

98

{Diabetes mellitus 2,
Acute respiratory fail-
ure, Miscellaneous}

{Congestive heart failure}

0.0129

0.822

1.2474

97

{Electrolyte disorders,
Arrhythmias}

{Congestive heart failure}

0.0237

0.8211

1.2459

179

{Mental disorders,
Acute respiratory fail-
ure}

{Congestive heart failure}

0.0188

0.8208

1.2455

142

{Hypertension, pulmo-
nary hypertension}

{Congestive heart failure}

0.0109

0.82

1.2443

82

{Electrolyte disorders,
Acute respiratory fail-
ure}

{Congestive heart failure}

0.0223

0.8195

1.2435

168

{Acute respiratory fail-
ure, social problems}

{Congestive heart failure}

0.0156

0.8194

1.2434

118

{Other infections. Vas-
cular heart disease,

{Congestive heart failure}

0.0102

0.8191

1.243

77
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Arrythmia, Miscellane-
ous}

{Hypertension, Acute
respiratory failure,
Miscellaneous}

{Congestive heart failure}

0.0228

0.819

1.2428

172

{Other infections, Ar-
rhythmias}

{Congestive heart failure}

0.0675

0.8183

1.2417

509

{Hypertension, Is-
chemic heart disease,
Arrhythmias)

{Congestive heart failure}

0.0155

0.8182

1.2415

117

{Other infections, Ane-
mia, Acute respiratory
failure}

{Congestive heart failure}

0.0107

0.8182

1.2415

81

{Anemia, Valvular
heart disease, Miscella-
neous}

{Congestive heart failure}

0.0101

0.8172

1.24

76

{Ischemic heart disease,
Arrhythmias, Miscella-
neous}

{Congestive heart failure}

0.0178

0.8171

1.2398

134

{Acute respiratory fail-
ure, miscellaneous}

{Congestive heart failure}

0.0525

0.8165

1.239

396

{Arrhythmias, Social
problems, Miscellane-
ous}

{Congestive heart failure}

0.0123

0.8158

1.2379

93

{Other infections, Hy-
pertension, Arrhyth-
mias}

{Congestive heart failure}

0.0363

0.8155

1.2374

274

{Chronic kidney dis-
ease, Ischemic heart
disease}

{Congestive heart failure}

0.018

0.8144

1.2357

136

{Hypertension, Ar-
rhythmias, Chronic ob-
structive pulmonary
disease}

{Congestive heart failure}

0.0122

0.8142

1.2354

92

{Dementia, Arrhyth-
mias, Miscellaneous}

{Congestive heart failure}

0.0139

0.814

1.2351

105

{Other infections, Ar-
rhythmias, Miscellane-
ous}

{Congestive heart failure}

0.0427

0.8131

1.2339

322

{Other infections, Elec-
trolyte disorders, Acute
respiratory failure}

{Congestive heart failure}

0.0103

0.8125

1.2329

78

{Valvular heart disease,
Hypertension, Ar-
rhythmias}

{Congestive heart failure}

0.0276

0.8125

1.2329

208

{Chronic kidney dis-
ease, Arrhythmias}

{Congestive heart failure}

0.0424

0.8122

1.2324

320

{Arrhythmias, Social
problems}

{Congestive heart failure}

0.0195

0.8122

1.2324

147

{Diabetes mellitus 2,
Dyslipidemia, Acute
respiratory failure}

{Congestive heart failure}

0.0109

0.8119

1.232

82
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{Chronic kidney dis-
ease, Arrhythmias,
Miscellaneous}

{Congestive heart failure}

0.0239

0.8108

1.2303

180

{Other infections, Ar-
rhythmias, Chronic ob-
structive pulmonary
disease}

{Congestive heart failure}

0.0102

0.8105

1.2299

77

{Pulmonary hyperten-
sion, Miscellaneous}

{Congestive heart failure}

0.0158

0.8095

1.2284

119

{Dementia, Arrhyth-
mias}

{Congestive heart failure}

0.0236

0.8091

1.2277

178

{Dementia, Acute res-
piratory failure}

{Congestive heart failure}

0.0219

0.8088

1.2273

165

{Valvular heart disease,
Arrhythmias}

{Congestive heart failure}

0.0488

0.8088

1.2273

368

{Other infections. Hy-
pertension, Arrhyth-
mias, Miscellaneous}

{Congestive heart failure}

0.0247

0.8087

1.2271

186

{Hypertension, Ar-
rhythmias, Social prob-
lems}

{Congestive heart failure}

0.0106

0.8081

1.2262

80

{Electrolyte disorders,
Arrhythmias, Miscella-
neous}

{Congestive heart failure}

0.0139

0.8077

1.2256

105

{Valvular heard dis-
ease, Hypertension, Ar-
rhythmias, Miscellane-

ous}

{Congestive heart failure}

0.0172

0.8075

1.2252

130

{Other infections, Dia-
betes mellitus 2, Ar-
rhythmias}

{Congestive heart failure}

0.0145

0.8074

1.2252

109

{Obesity, Hyperten-
sion, Arrhythmias,
Miscellaneous}

{Congestive heart failure}

0.0117

0.8073

1.2251

88

{Ischemic heart disease,
Arrhythmias}

{Congestive heart failure}

0.0277

0.8069

1.2245

209

{Dyslipidemia, Is-
chemic heart disease,
Arrhythmias}

{Congestive heart failure}

0.0127

0.8067

1.2241

96

{Valvular heard dis-
ease, Arrhythmias,
Miscellaneous}

{Congestive heart failure}

0.0292

0.8059

1.2228

220

{Obesity, Acute respir-
atory failure}

{Congestive heart failure}

0.0192

0.8056

1.2224

145

{Valvular heart disease,
Chronic kidney dis-
ease, Arrhythmias}

{Congestive heart failure}

0.0121

0.8053

1.222

91

{Valvular heart disease,
Ischemic heart disease}

{Congestive heart failure}

0.017

0.805

1.2216

128

{Other infections, Ar-
rhythmias,

{Congestive heart failure}

0.017

0.805

1.2216

128
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Hydronephrosis Acute

Urinary Retention}

{Chronic kidney dis-

ease, Ischemic heart => {Congestive heart failure} 0.0103 0.8041 1.2202 78
disease, Miscellaneous}
{Electrolyte disorders,

Arrhythmias, Acute re- = {Congestive heart failure} 0.0103 0.8041 1.2202 78
nal failure}
itv. Chronic kid-

{Obesity, Chronic kid = {Congestive heart failure} 0.0135 0.8031 1.2187 102

ney disease}
{Mental disorders,
Chronic kidney dis- => {Congestive heart failure} 0.0141 0.803 1.2185 106
ease}
{Dyslipidemia, Acute
respiratory failure, => {Congestive heart failure} 0.0141 0.803 1.2185 106
Miscellaneous}
{Obesity, Arrhythmias,
Miscellaneous}
{Arrhythmias, Abnor-
mality on additional => {Congestive heart failure} 0.0188 0.8023 1.2174 142
tests}
{Arrythmias, Acute
kidney failure}

= {Congestive heart failure} 0.0172 0.8025 1.2177 130

=> {Congestive heart failure} 0.0412 0.8015 1.2163 311

{Hypertension, Ar-
rhythmias, Acute renal => {Congestive heart failure} 0.0139 0.8015 1.2162 105
failure}

{Hypertension, Acute

. . = {Congestive heart failure} 0.0452 0.8005 1.2146 341
respiratory failure}
{Valvular heart disease,
Chronic obstructive = {Congestive heart failure} 0.0106 0.8 1.2139 80
pulmonary disease}
{Chronic kidney dis-
ease, Chronic obstruc- . .
. . = {Congestive heart failure} 0.0122 0.8 1.2139 92
tive pulmonary dis-
ease}
(Diabetes mellitus 2, —>  {Congestive heart failure} ~ 0.0101 0.8 1.2139 76
Obesity, Arrhythmias}
{Dyslipidemia, Ane-
mia, Chronic kidney => {Congestive heart failure} 0.0101 0.8 1.2139 76
disease}
The term ‘arrhythmias” includes all arrhythmias except atrial fibrillation. Support: The relative fre-
quency of comorbidities in the data set. Confidence: The conditional probability of the occurrence
of itemset2 given itemset1. Lift: Measures the independence between itemset1 and itemset2. A value
greater than 1 indicates that the antecedent itemset and the consequent itemset are dependent and
positively correlated.
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