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Abstract

The relationship between the Charlson comorbidity index (CCl) and short-term readmission is as yet unknown. Therefore,b
aimed to investigate whether the CCl was independently related to short-term readmission in patients with heart failure (HF) after
adjusting for other covariates. From December 2016 to June 2019, 2008 patients who underwent HF were enrolled in the study to
determine the relationship between CCl and short-term readmission. Patients with HF were divided into 2 categories based on the
predefined CCl (low < 3 and high > =3). The relationships between CCl and short-term readmission were analyzed in multivariable
logistic regression models and a 2-piece linear regression model. In the high CCI group, the risk of short-term readmission
was higher than that in the low CCI group. A curvilinear association was found between CCI and short-term readmission, with
a saturation effect predicted at 2.97. In patients with HF who had CCI scores above 2.97, the risk of short-term readmission
increased significantly (OR, 2.66; 95% confidence interval, 1.566-4.537). A high CCl was associated with increased short-term
readmission in patients with HF, indicating that the CCI could be useful in estimating the readmission rate and has significant
predictive value for clinical outcomes in patients with HF.

Abbreviations: BM| = body mass index, CCl = Charlson comorbidity index, Cl = confidence interval, HF = heart failure, NYHA

= New York Heart Association, OR = odds ratio.
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1. Introduction

Heart failure (HF) is the final stage in the development of heart
disease and is therefore known as the “last battlefield” in the
field of cardiovascular disease.!'! The overall prevalence of HF
in the general population is 1.5% to 2.0%, while in people
older than 70 years, it is more than 10%." Therefore, HF is
the main reason for the hospitalization of the elderly.’! Despite
significant improvements in the outcomes of medical therapy,
patients with HF still have a poor prognosis, with 5-year and
10-year survival rates of only 57% and 35%, respectively.!*3!
Admission rates following hospitalization for HF also remain
high, with 250% of patients readmitted within 6 months of
discharge.'! Nearly 80% of costs for HF care are due to hos-
pitalization and short-term readmission.”? The identification
of high-risk patients for short-term readmission early for
timely interventions can improve patient survival and reduce
the socioeconomic burden. The high incidence of HF, high
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readmission rates, high mortality rates, and high healthcare
costs have become common problems in countries worldwide.
Accurate assessment of short-term readmission risk and imple-
mentation of precise interventions have become an important
part of reducing readmission rates and improving health out-
comes in patients with HE.

Comorbidities are highly prevalent in patients with HF and
affect patient outcomes. Comorbidity is defined as “the pres-
ence of more than 1 disorder in a person in a defined period
of time.”®! HF readmissions were related to no cardiovascu-
lar causes and directly associated with an increasing number
of comorbidities. Studies have shown that some noncardiac
comorbidities, such as chronic kidney disease,”’ diabetes,"!
peripheral vascular disease,'!! and dementia,'? increase the
risk of HF readmission. The Charlson comorbidity index (CCI)
combines both disease numbers and severity into a comor-
bidity-weighted index.!"® The CCI has been widely used in
clinical research to explore the impact of comorbidities on
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prognosis.'*151 However, few studies have used the CCI to
assess the risk of short-term readmission in patients with HE.
Therefore, we conducted the present study to further investi-
gate the predictive role of CCI for short-term readmission of
patients with HF.

2. Materials and Methods

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.!'¢!

2.1. Database

Data for this retrospective study were obtained from an HF
cohort from a hospital in Southwest China. This cohort included
all patients with a diagnosis of HF who were admitted to this
hospital from December 2016 to June 2019.0""] The dataset is
available at PhysioNet (https://doi.org/10.13026/8a9%¢e-w734).
The ethics committee of the hospital approved the study with a
waiver of informed consent.

2.2. Study population

The definition of HF follows the European Society of Cardiology
criteria."! The database contains patients with ICD-9 codes 428,
4280, 4281, 4282, 42820 42821, 42822, 42823, 4283, 42830,
42831,42832,42833,4284,42840,42841,42842,42843, and
4289, which include all types of heart failure, including acute
heart failure, chronic heart failure, left heart failure, right heart
failure, and total heart failure. Patients who had a diagnosis of
heart failure on hospital admission were enrolled in our study
whether heart failure was the main diagnosis or the secondary
diagnosis. We excluded patients under 18 years old and patients
with incomplete or inaccessible CCI variables.

2.3. Exposure variable

The CCI was used to quantitatively evaluate the comorbidity
status of the patients. The CCI scoring criteria were as follows:
Point each for myocardial infarction, heart failure, peripheral
vascular disease, cerebrovascular disease, dementia, chronic
obstructive pulmonary disease, connective tissue disease, peptic
ulcer disease, mild liver disease, and diabetes without complica-
tions; Points each for diabetes with complications, hemiplegia,
chronic kidney disease, leukemia, malignant lymphoma, and
nonmetastatic malignancy; and Points for severe liver disease,
while malignancy with metastasis and acquired immunodefi-
ciency syndrome were alloted 6 points. The patient’s CCI is the
sum of all scores. In the present study, CCI was not included in
the age score. A CClI score of < 3 was defined as a low comorbid-
ity group, and a CCI score of > 3 was defined as a high comor-
bidity group according to a predefined definition. We chose this
value because CCI scores of 3 or higher were found to be pre-
dictive of higher 1-year mortality rates among patients on their
first HF hospitalization!"”! and elder patients experiencing a first
acute heart failure hospitalization.l*"!

2.4. Covariates

We collected the following data for this study: the demo-
graphic profile, comorbidity, clinician’s baseline characteristics,
the results of laboratory tests, and drug usage. Demographic
profiles, including age and sex, were obtained at the time of
admission. Information on comorbidities included in the CCI
was extracted from the history of the medical record system.
Baseline clinical characteristics, including pulse, systolic blood
pressure, diastolic blood pressure, body mass index (BMI), clas-
sification by left ventricular ejection fraction value, type of heart
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failure, New York Heart Association (NYHA) cardiac function,
Killip classification, and Glasgow coma score, were measured at
the time of admission. Laboratory tests were performed on the
first day of the patient’s admission, including serum creatinine,
white blood cell count, hemoglobin, platelets, serum calcium,
potassium, chloride, sodium, and high-sensitivity troponin. The
medications used were those administered on the first day of
admission, including furosemide injection, milrinone injection,
isoprenaline hydrochloride injection, dobutamine hydrochlo-
ride injection, and shenfu injection.

2.5. Follow-up

Patients will be followed up for 28 days, 3 months, and 6
months after discharge.

2.6. Outcomes

The primary outcome was readmission within 6 months, and
readmission within 3 months and 28 days were compared as
secondary outcomes. Readmission was defined as the first read-
mission after discharge from the current hospitalization.

2.7. Statistical analysis

All population profiles were described. Normally distributed
continuous variables are expressed as the mean (standard devi-
ation) and compared with Student # test. Continuous variables
with skewed distributions are expressed as medians (quartiles)
and compared with the Mann-Whitney test. Categorical vari-
ables are expressed as percentages and were analyzed using the
chi-square test or Fisher exact test. Logistic regression analy-
sis was used to determine the relationship between CCI and
short-term readmission in patients with HE. To determine the
independent role of the CCI, we adjusted for multiple variables.
Following the use of a generalized additive model to under-
stand the nonlinear relationship between the 2 parameters,??:22!
the threshold was determined using a 2-stage linear regression
model. As part of the sensitivity analysis, CCI was converted
into a categorical variable, and median values in each CCI group
were used as continuous variables to calculate linear trends.?’!
In addition, stratification and interaction analyses were con-
ducted according to age (<80 and > 80 years), sex, BMI (<25
and > 235), Killip grade (<2 and > 2), NYHA cardiac function
classification (IV and No IV), and type of heart failure (total
heart failure and not total heart failure). All analyses were con-
ducted in R, version 3.6.3 (R Foundation, Vienna, Austria) and
Free Statistics software version (http://www.clinicalscientists.cn/
freestatistics/) 1.6, and 2-sided P < .05 was considered to be
statistically significant.

3. Results

3.1. Participant selection

There were 2008 patients with HF in the original database.
After excluding patients under 18 years old and without com-
plete CCI information, 2003 patients were included in this study
for analysis. The flowchart in Figure 1 shows the process of case
screening.

3.2. Baseline demographics and clinical characteristics

The majority (96.4%) of patients had a CCI score ranging from
1 to 4 points; only 2.8% had a CCI score of 0, and 0.8% of
patients had a score > 5 (Table S1, Supplemental Digital Content,
http:/links.lww.com/MD/1473). The baseline characteristics of
the participants according to CCI are summarized in Table 1
and Table S2, Supplemental Digital Content, http:/links.lww
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patients in hospital in Sichuan,
China between 2016 and 2019.

Inclusion criteria:
Heart failure was defined according to

2,008 patients

the European Society of Cardiology
(ESC) criteria

Exclusion criteria:
Aged <18 years old (N=0)

Patients who met the
inclusion/exclusion
criteria N=2003

v
v v

Had incomplete or unobtainable
documented data of CCI(N=5)

CCl<3
(N=1525)

cCl>=3
(N=478)

Figure 1. Flowchart of patient selection.

.com/MD/1474. A total of 37.2% of the patients were older than
80 years, and 42% were male. Two groups were formed based
on the CCI: CCI < 3 for the low CCI group and CCI 2 3 for
the high CCI group. The mean CCI score for all patients was
1.9+1.0, with 3.3+0.5 in the high CCI group and 1.4+0.6 in
the low CCI group. Compared to the low CCI group, partici-
pants in the high CCI group were more likely to be male and
older, and had worse heart function and a higher level of creat-
inine, white blood cells, and potassium. Additionally, they were
more likely to have the following diseases: myocardial infarc-
tion, congestive heart failure, peripheral vascular disease, cere-
brovascular disease, dementia, chronic obstructive pulmonary
disease, peptic ulcer, solid tumor, and liver disease. Furthermore,
they had used higher rates of these drugs: furosemide injection,
milrinone injection, and higher readmission rates within 28
days, 3 months, and 6 months.

3.3. Outcomes

A total of 771 patients (38.5%) were readmitted within 6
months, and patients whose CCI scores were high were more
likely to have high readmission rates (45.2% vs 36.4%; P <
.001). Readmission rates within 3 months and 28 days were
similar.

3.4. CCI and short-term readmission

The results of the univariate analysis are presented in Table
S4, Supplemental Digital Content, http:/links.lww.com/MD/
1476. As a continuous variable, in the unadjusted logistic regres-
sion model, the CCI was positively correlated with readmis-
sion within 6 months [odds ratio (OR) 1.19, 95% confidence
interval (CI) 1.08-1.3]. After further adjustment for all poten-
tial covariates, the associations were slightly enhanced but
remained significant, with an OR of 1.43 (95% CI 1.22-1.68)
(Table S3, Supplemental Digital Content, http://links.lww.com/
MD/I475). As a categorized variable in the fully adjusted model,

participants in the high CCI group had a 61% increased risk of
readmission within 6 months compared with the low CCI group
(36.4% vs 45.2%, OR 1.89, 95% CI 1.15-3.11). Similar data
were observed for readmission within 3 months and readmis-
sion within 28 days (31.8% vs 22.6%, OR 1.55,95% CI 1.14-
2.1, 9.8% vs 6%, OR 1.49, 95% CI 1.12-1.97, respectively)
(Table 2). Multivariate logistic regression analysis demonstrated
that short-time readmissions were not independently associated
with gender (Table S5, Supplemental Digital Content, http://
links.lww.com/MD/1477).

3.5. Nonlinear relationship between CCI and readmission
rates

After adjustment for a series of covariates, the CCI and readmis-
sion rates within 6 months exhibited a nonlinear dose-response
relationship (Fig. 2). Based on a 2-piecewise linear regression
model, we calculated the CCI threshold to be 2.966 (Table 3).
If the threshold was reached, the readmission rates within 6
months continued to rise (OR = 2.66; 95% CI: 1.566-4.537;
P <.001), while if it was below the threshold, there was no sig-
nificant dose-response curve estimated (OR = 1.267; 95% CI:
0.959-1.674; P = .0963).

3.6. Subgroup analyses

In the subgroup analysis conducted for age, sex, BMI, Killip
grade, NYHA cardiac function classification, and type of heart
failure, the results remained generally similar for the association
between CCI and short-term readmission. No significant inter-
actions were observed (Fig. 3).

4. Discussion

In this retrospective study, we demonstrated that CCI scores
are associated with short-term readmission in patients with HE.
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Baseline characteristics of the study participants.
CCl All patients Low CCI (<3) High CCI (>3) Pvalue
Number, n 2003 1525 478
Demographics
Sex, n (%) <.001
Male 841 (42.0) 609 (39.9) 232 (48.5)
Female 1162 (58.0) 916 (60.1) 246 (51.5)
Age, n (%) .002
<80 1258 (62.8) 986 (64.7) 272 (56.9)
>=80 745 (37.2) 539 (35.3) 206 (43.1)
History of disease
Myocardial 1nfarction, n (%) 141 (7.0) 43 (2.8) 98 (20.5) <.001
Congestive heart failure, n (%) 1867 (93.2) 1392 (91.3) 475 (99.4) <.001
Peripheral vascular disease, n (%) 101 (5.0) 31(2) 70 (14.6) <.001
Cerebrovascular disease, n (%) 150 (7.5) 67 (4.4) 83 (17.4) <.001
Dementia, n (%) 115 (5.7) 72 (4.7) 43(9) <.001
Chronic obstructive pulmonary disease, n (%) 233 (11.6) 119(7.8) 114 (23.8) <.001
Pepticulcer disease, n (%) 45(2.2) 20 (1.3) 25 (5.2) <.001
Solid tumor, n (%) 39(1.9 17(1.1) 22 (4.6) <.001
Liver disease, n (%) 84 (4.2) 38 (2.5) 46 (9.6) <.001
Cardiac function
LVEF, %, (n = 633) 50.6+13.2 50.4+13.3 51.4+12.9 435
Classification by LVEF value, n (%) 318
HFrEF 132 (6.6) 106 (7) 26 (5.4)
HFmrEF 152 (7.6) 111 (7.3) 41 (8.6)
HFpEF 349 (17.4) 257 (16.9) 92 (19.2)
Missing data 1370 (68.4) 1051 (68.9) 319 (66.7)
Type of heart failure, n (%) nh
Left 477 (23.8) 358 (23.5) 119 (24.9)
Right 51 (2.5 45 (3) 6(1.3)
Total 1475 (73.6) 1122 (73.6) 353 (73.8)
NYHA cardiac function, n (%) <.001
Il 352 (17.6) 285 (18.7) 67 (14)
Il 1037 (51.8) 813 (53.3) 224 (46.9)
v 614 (30.7) 427 (28) 187 (39.1)
Killip, n (%) .016
| 527 (26.3) 426 (27.9) 101 (21.1)
Il 1026 (51.2) 771 (50.6) 255 (563.3)
Il 390 (19.5) 287 (18.8) 103 (21.5)
v 60 (3.0) 41(2.7) 19 (4)
Scoring system
GCS 148+1.2 148+141 148+1.3 A75
CCl 1.9+1.0 1.4+0.6 3.3+05 <.001
Outcome
Readmission within 28 d, n (%) 139 (6.9) 92 (6) 47 (9.8) .004
Readmission within 3 mo, n (%) 496 (24.8) 344 (22.6) 152 (31.8) <.001
Readmission within 6 mo, n (%) 771 (38.5) 555 (36.4) 216 (45.2) <.001

Data are shown as mean =+ standard deviation, median [IQR], and frequency (%).
BMI = body mass index, CCl =

With higher CCI scores, the short-term readmission rate was
also significantly higher in patients with HF, and this relation-
ship persisted after adjusting for potential confounders. There
was a nonlinear relationship and threshold effect between CCI
and readmission within 6 months in patients with HE. When the
CCI was >3, the 2 were positively correlated, and when the CCI
score was <3, the relationship was not statistically significant.
Collectively, our results showed that the CCI score and a CCI
> 3 were independent risk factors for short-term readmission in
patients with HE.

Our study shows that HF has a high readmission rate that
increases with time. Readmission is the admission of a patient
to a hospital or other healthcare facility within a short period
after discharge. There is no uniform standard for the definition
of readmission time. Some scholars recommend 30 days as the
readmission time window for HF patients*?%; some scholars use
90 days as the time window, considering that 90 days is the vul-
nerable period for HF1?529); a few scholars have also set 180 days
as the time window for readmission.?”? In contrast, this study

Charlson comorbidity index, GCS = Glasgow coma score, HFpEF = preserved ejection fraction, LVEF =

left ventricular ejection fraction, NYHA = New York heart association.

included 28-day, 90-day, and 180-day readmission time win-
dows to explore the relationship between CCI and readmission
in patients with HF, and the results were more comprehensive. In
our study, the 28-day readmission rate was 6.9%, the 3-month
readmission rate was 24.8%, and the 6-month readmission rate
was as high as 37.8% in patients with HE Data from a study
conducted by Dustin Harmon showed that 21.2% of patients
with heart failure with preserved ejection fraction were readmit-
ted within 90 days of initial discharge.!'! A study of 1303 sam-
ples indicated that the 6-month readmission rate for patients
hospitalized for acute decompensated HF was 36.1%.12% The
results of those previous studies were similar to ours. However,
there are several studies whose results differ slightly from ours.
In a Korean cohort study of HF, 27.6% of HF patients were
readmitted within 30 days of discharge,?” a percentage signifi-
cantly higher than our 6.9%, which may be related to the high
CClI score and increased comorbidities. In any case, readmission
rates for HF are high, so it is essential to identify risk factors for
readmission.
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Association between CCI and short-term readmission in multiple regression model.
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Model | Model Il Model 11l Model IV
OR (95% Cl) Pvalue OR (95% ClI) Pvalue OR (95% ClI) Pvalue OR (95% ClI) Pvalue
Readmission within 28-d  CCl < 3 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
CCl>3 1.7(1.18-2.45) .005 1.62 (1.11-2.34) 012 2.09 (1.33-3.3) .001 1.89 (1.15-3.11) 012
Readmission within CCl<3 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
3mo CCl>3 1.6(1.28-2.01) <.001 1.57 (1.24-1.97) <.001 1.69 (1.27-2.24) <.001 1.55 (1.14-2.1) .005
Readmission within CCl<3 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
6 mo CCl=3 1.44(1.17-1.77) .001 1.41 (1.14-1.74) .001 1.63 (1.25-2.11) <.001 1.49 (1.12-1.97) .006

Model I: didn’t adjusted for confounders.

Model II: adjusted for Age, Gender, BMI.

Model IIl: Model Il + NYHA cardiac function classification, Killip grade, type of heart failure, Classification by LVEF value.

Model IV: Model lll + systolic blood pressure, diastolic blood pressure, pulse, respiratory support, oxygen inhalation, hemoglobin, platelet, white blood cell, creatinine enzymatic method, potassium, sodium,
calcium, chioride, high sensitivity troponin, Furosemide injection, Milrinone injection, Isoprenaline Hydrochloride injection, Dobutamine hydrochloride injection, Shenfu injection, GCS.

Cl = confidence interval, CCl = Charlson comorbidity index, OR = odds ratio.

10.0 P for non-linearity: 0.002
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Figure 2. Nonlinear dose-response relationship between CCl and readmission within 6 months. Adjustment factors included age, sex, BMI, myocardial infarc-
tion, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic obstructive puimonary disease, peptic ulcer disease, solid
tumor, liver disease, NYHA cardiac function classification, Killip grade, type of heart failure systolic blood pressure, diastolic blood pressure, pulse, respiratory
support, oxygen inhalation, hemoglobin, platelet, white blood cell, creatinine enzymatic method, potassium, sodium, calcium, chloride, high sensitivity troponin,
furosemide injection, milrinone injection, isoprenaline hydrochloride injection, dobutamine hydrochloride injection, shenfu injection, GCS. The black line and gray
area represent the estimated values and their corresponding 95% confidence intervals, respectively. BMI = body mass index, CCI = Charlson comorbidity index,
GCS = Glasgow coma score, NYHA = New York Heart Association.

In our study, the mean CCI was 1.9, which is close to the CCI
of 2.0 in a prediction model for HF readmission from a Chinese
population.”s! In other studies, the CCI was higher than ours,
such as a mean CCI of 3.5 in an acute HF cohort in Australial®®!
and a mean CCI of 5.2 in a study in Korea.”” These findings
suggest that patients with HF have a high number of comor-
bidities and that managing these comorbidities is important for
patient prognosis.

We showed in this study that readmission rates increased with
increasing CCI, with each point increases in CCI associated with
a 43% increase in the risk of readmission within 6 months for

patients with HE This is consistent with the findings of many
studies. An HF cohort study in Japan showed a positive associ-
ation between CCI and readmission (hazard ratio = 1.087, CI:
1.065-1.108).51 An HF cohort study in America showed that
each 1-point increase in CCI was associated with a 30% increase
in the risk of readmission for congestive HE?? A study conducted
by Marco Canepa in Italy showed that in elderly patients with
HE, a higher CCI was independently associated with increased
readmission.”*¥ These results indicated that CCI is a powerful
predictor of death and cardiovascular hospitalizations and could
help estimate clinical outcomes in patients with HE. Therefore,
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Threshold effect analysis of CCl on readmission within 6 months.

Threshold of CCI OR 95% Cl Pvalue
<2.966 1.267 0.959,1.674 .0963
>2.966 2.66 1.566, 4.537 <.001
Log-likelihood ratio test <.001

Adjusted for: Age, Gender, BMI, myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, Chronic obstructive pulmonary disease, peptic ulcer disease,
solid tumour, liver disease, NYHA cardiac function classification, Killip grade, type of heart failure, systolic blood pressure, diastolic blood pressure, pulse, respiratory support, oxygen inhalation, hemoglobin,
platelet, white blood cell, creatinine enzymatic method, potassium, sodium, calcium, chioride, high sensitivity troponin, Furosemide injection, Milrinone injection, Isoprenaline Hydrochloride injection,
Dobutamine hydrochloride injection, Shenfu injection, GCS.

CCl = Charlson comorbidity index.

Subgroup Total Event (%) OR (95%Cl) P for interaction
Overall
Crude 2003 771(38.5) 1.19(1.08~1.3) -
Adjusted 1.43(1.22~1.68) p—

Sex
Male 841 333 (39.6) 1.87 (1.44~2.43) L @ i 0.104
Female 1162  438(37.7)  1.17 (0.95~1.45) —e—

Age
<80years 1258 486 (38.6) 1.48 (1.21~1.83) —— 0.178
>=80years 745 285 (38.3) 1.26 (0.96~1.65) ——

BMI
<25kg/m2 1692 650 (38.4) 1.45 (1.21~1.74) —@— 0.64
>=25kg/m2 31 121 (38.9) 1.25(0.8~1.95) L @ J

Killip grade
<ll 527 199 (37.8) 1.37 (0.94~1.99) I @ J 0.98
>=|| 1476 572 (38.8) 1.41(1.17~1.69) ——

NYHA cardiac function classification

<V 1389 497 (35.8) 1.48 (1.21~1.81) —e— 0.504
=V 614 274 (44.6) 1.39 (1.02~1.89) ——
Total heart failure
No 528 148 (28) 1.48 (1.01~2.16) b & i 0.994
Yes 1475 623 (42.2) 1.42 (1.18~1.71) ——

T T T T

1 1.5 2 25

OR(95%Cl)

Figure 3. Risk of the primary outcome for CCl in different subgroups of patients. Odds ratio (OR) was adjusted for age, sex, BMI, myocardial infarction, con-
gestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, peptic ulcer. disease, solid tumor,
liver disease, NYHA cardiac function classification, Killip grade, type of heart failure systolic blood pressure, diastolic blood pressure, pulse, respiratory support,
oxygen inhalation, hemoglobin, platelet, white blood cell, creatinine enzymatic method, potassium, sodium, calcium, chloride, high sensitivity troponin, furose-
mide injection, milrinone injection, isoprenaline hydrochloride injection, dobutamine hydrochloride injection, shenfu injection, GCS. ClI = confidence interval, BMI
= body mass index, CCI = Charlson comorbidity index, GCS = Glasgow coma score, NYHA = New York Heart Association, OR = odds ratio.

appropriate interventions should be implemented to reduce hos-  a nonlinear relationship and threshold effect between CCI scores
pitalization rates in patients with HFE. For the first time, we found ~ and readmission rates in HF patients. At a CCI >3, the risk of
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readmission within 6 months was consistently higher, whereas,
at a CCI <3, the relationship with readmission rates was not sig-
nificantly different. The risk of readmission within 6 months was
1.61-fold higher in patients with high CCI scores (>3) than in
those with CCI scores < 3. This study highlights the importance
of comorbidity as a core factor in HF readmission rates. The pos-
sible reasons for this are as follows: some comorbidities included
in the CCI, such as myocardial infarction and diabetes mellitus,
are underlying conditions for the development of HEF, predispose
to HF and are important in the instability and progression of
HEB* Additionally, comorbidities and HF have bidirectional
effects that influence each other and are interconnected through
multiple common mechanisms, including inflammation, endo-
thelial dysfunction,B3¢! excessive renin-angiotensin-aldosterone
system activation, and sympathetic nervous system activation.”!

The relationship between gender and readmission in patients
with HF is indeed a question worth studying. However, there
are some conflicting results.’*¥*Our study showed no signifi-
cant correlation between the 2. The inconsistency of these find-
ings may be related to the sample size and follow-up time, and
further expansion of the sample size and longer follow-up time
is needed in the future to clarify the relationship.

The CCI can be used as a predictor of the risk of readmission
for HE Several studies have shown that the CCI predicts read-
mission within 30 days*” and within 90 days!'!l in cases of pre-
served ejection fraction. The LACE index is a commonly used and
effective predictive model for predicting HF readmission, and the
CCl is an important part of it. One study conducted by Tan incor-
porated 3 indicators, NT-proBNP, erythrocyte distribution width,
and CCI, to build a prediction model to predict readmission of
patients with HF within 90 days of discharge and performed an
internal validation which showed that the model had a C-index of
0.73, with good discrimination.”! In conclusion, the CCI has an
important predictive value for readmission in HE

Some limitations still need to be considered. First, this is a sin-
gle-center study using a public database, with possible misclassi-
fication problems and some limitations on the extrapolation of
results. Second, although we adjusted for more variables, there
may be variables that may affect the results that were not adjusted
for. This is a common problem in all observational studies. Finally,
because the rehospitalization for the same cause is particularly
frequent in patients with cardiovascular pathologies*!,but this
study did not record in detail whether the specific reason for read-
mission was due to recurrent HF or other comorbidities, we could
only calculate the all-cause readmission rate of patients and not
their readmission rate for recurrent HFE. Hence, we should more
deeply investigate the role of CCI in HF readmission by breaking
down the reasons for patient readmission in further studies. There
is a nonlinear relationship between CCI and readmission. For this
reason, in future work it could be hypothesized to consider read-
missions as successive “states” and to study the effect of the CCI
on the transitions of the state through a Markov model.['!

5. Conclusion

In conclusion, a high CCI was associated with increased short-
term readmission in patients with HE indicating that the CCI
could be useful in estimating the readmission rate and has signif-
icant predictive value for clinical outcomes in patients with HE.
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