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Predictors of infection-related rehospitalization in heart
failure patients and its impact on long-term survival
Chi-Wen Cheng®®, Min-Hui Liu® and Chao-Hung Wang®®

Background Infection is the most common non-
cardiovascular cause of re-hospitalizations for heart failure
patients. We therefore investigated the predictors of
infection-related re-hospitalization (IRRH) in heart failure
patients and its impact on long-term survival.

Methods and Results We prospectively recruited 622
patients after the index hospitalization for decompensated
heart fail with primary endpoints of IRRH and all-cause
mortality. During follow-up of 3.9 2.7 years, IRRHs
occurred in 104 (16.7%) patients. Of the 104 patients who
experienced IRRHs, the time from the index hospitalization
to IRRH was 1.0 (interquartile range: 0.4-2.6) years.
Independent predictors of IRRH were age (hazard ratio:
1.02, 95% confidence interval: 1.01-1.04), diabetes mellitus
(2.12,1.42-3.17), not taking angiotensin-converting enzyme
inhibitors or angiotensin Il receptor blockers (1.67, 1.01-
2.78), needing maintenance therapy with a loop diuretic
(2.10, 1.36-3.26), hemoglobin levels (0.87, 0.79-0.96), and
estimated glomerular filtration rates (eGFRs) (0.99, 0.98-
0.99). IRRH independently predicted all-cause mortality
(1.99, 1.32-2.98) after adjusting for age, body mass index,
New York Heart Association functional class, chronic

Introduction

Heart failure is a global healthcare issue affecting an
estimated 26 million people worldwide." Even though
there have been significant advances in understanding
the pathophysiology and therapeutic strategies for heart
failure, the mortality rate remains high.> Heart failure
rehospitalizations after discharge are common and are
significantly associated with subsequent mortality.*?
More than 60% of all rehospitalizations following dis-
charge for heart failure have noncardiovascular causes; of
these, infection is the most common.’ However, there
have been no prospective studies designed to untangle
the risk factors for infection-related rechospitalization
(IRRH) after decompensated heart failure or studies
delineating the association between IRRH and long-term
survival. A better understanding of risk factors for IRRH
in heart failure patients can help reduce the rehospitali-
zation rate and potentially improve long-term survival.
This study aimed to identify predictors of IRRH in
patients discharged for acute decompensated heart fail-
ure and its impact on long-term survival based on the
cohort of patients enrolled at our heart failure center over
the past 10 years.
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obstructive pulmonary disease, brain natriuretic peptide,
hemoglobin, and eGFR. The increased risk of death
associated with IRRHs was predominantly for lower
respiratory tract infections (3.71, 2.28-6.04), urogenital tract
infections (2.83, 1.32-6.10), and sepsis (3.26, 1.20-8.85).

Conclusion IRRHs in patients discharged for acute decom-
pensated heart fail independently predicted worse long-term
survival. We further identified independent predictors of IRRHs.
These findings warrant future studies for tackling IRRH.
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Methods

Patients

"The current study used a prospective observational design
with long-term follow-up. We consecutively recruited and
followed patients up after their index hospitalization for
decompensated heart failure at the Heart Failure Center of
Chang Gung Memorial Hospital in Keelung, Taiwan from 1
October 2008 to 30 June 2018. The detailed information of
the multidisciplinary disease management program and
longitudinal follow-up design for heart failure patients have
been described in our previous study.® As previously
reported, the enrollment criteria were: first, patients with
typical symptoms and signs of heart failure who were
hospitalized due to acute cardiogenic pulmonary congestion
determined by chest radiographs (grade > I) according to the
classification by Battler ¢z al’; second, patients with abnor-
mal cardiac structure documented by echocardiograms; and
third, patients from ages 20 to 85. The exclusion criteria
were: first, patients with a disorder other than heart failure
that might compromise their survival within less than 6th
months; second, patients who were bedridden for at least 3
months; third, patients who had undergone dialysis in the
previous 2 weeks; and fourth, patients who were pregnant.
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Echocardiography

All patients received two-dimensional echocardiography
assessments (Vivid E9, GE Healthcare Co., Milwaukee,
Wisconsin) during the index hospitalization for decom-
pensated heart failure according to the guidelines sug-
gested by the American Society of Echocardiography.®
Echocardiographic images were obtained with patients in
the left lateral decubitus position. The left ventricular
ejection fraction was calculated using the Simpson
method. In patients having jets of tricuspid regurgitation
clearly detected by continuous-wave Doppler ultrasound,
we measured the peak tricuspid regurgitation velocity.
Given the inaccuracy of right atrium (RA) pressure esti-
mation, we measured the peak tricuspid regurgitation
velocity but not the estimated systolic pulmonary artery
pressure calculated by tricuspid regurgitation velocity
and RA pressure.” Patients with peak tricuspid regurgi-
tation velocity at least 2.9 m/s were categorized as having
a high probability of pulmonary hypertension.’

Heart failure with reduced, mid-range, and preserved
ejection fraction

Patients were categorized as having heart failure with
reduced ejection fraction (HFrEF), heart failure with
mid-range ejection fraction, and heart failure with pre-
served ejection fraction if the left ventricle ejection
fraction was less than 40%, 40—-49%, and at least 50%,
respectively, according to the 2016 European Society of
Cardiology guidelines for the diagnosis and treatment of
acute and chronic heart failure."

Pharmacological treatment for heart failure patients
Angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin II receptor blockers (ARBs) and beta blockers
were initiated in all patients during the index hospitaliza-
tion as appropriate, unless contraindicated or not tolerated.
We tapered, then discontinued loop diuretics for patients
who could maintain cuvolemia status well after receiving
instructions about salt/fluid restriction during the index
hospitalization to avoid the potential side effects of loop
diuretics. If loop diuretics were discontinued, the patient
was instructed to take loop diuretics again only if there
were symptoms/signs of congestion or a significantincrease
in daily body weight.>'*!" Maintenance therapy with a
loop diuretic (M'TLD) was defined as taking a loop diuretic
daily among patients whose fluid status cannot be con-
trolled by salt and fluid restriction alone.

We assessed potential clinical predictors of IRRH at the
index hospitalization for decompensated heart failure. The
brain natriuretic peptide was checked before discharge of
the index hospitalization for decompensated heart failure.
Informed consent was obtained from all patients in the
study. The study was designed and carried out in accor-
dance with the principles of the Declaration of Helsinki and
with approval from the Ethics Review Board of Chang Gung
Memorial Hospital.

Patient outcomes

Follow-up data were obtained prospectively every month
from hospital records, telephone interviews with patients,
and communication with physicians in charge. The pri-
mary endpoints included IRRH and all-cause mortality.
Patients were followed until they died, the study ended,
or they were lost to follow-up. In each case, whether or
not the subsequent hospitalizations were due to infection
was determined by two cardiologists after communicating
with the physicians in charge. IRRHs were categorized
into several types: lower respiratory tract infection, soft
tissue or muscular skeletal system infection, urogenital
tract infections, gastrointestinal tract infection, and sep-
sis. A similar approach to categorizing infections among
hospitalized heart failure patients had been used previ-
ously.” For patients who experienced IRRHs several
times, only the first event was included in univariate
and multivariable analysis.

Statistical analysis

Results are expressed as the mean+SD for normally
distributed variables, medians (lower quartile; upper quar-
tile) for variables with skewed distribution, and number
(percentage) for categorical variables. We used the Cox
regression with backward selection analysis to assess the
effects of different variables on the first IRRH. Variables
with P value less than 0.05 in the univariate analysis were
selected for the multivariable analysis. Hazard ratios and
95% confidence intervals (Cls) were also calculated. Since
IRRH was a time-varying exposure in this cohort, we
assessed the impact of IRRH on long-term survival by
using time-updated Cox proportional hazard models.'* We
performed Kaplan—Meier analyses and determined statis-
tical significance using the log-rank test. The receiver
operating characteristic curve and Youden’s index were
used to identify the cutoff values of hemoglobin (Hb). A P
value of less than 0.05 was considered significant. Statisti-
cal analyses were performed using SPSS software, version
17.0. (SPSS Inc. Released 2008. SPSS Statistics for Win-
dows, Version 17.0. Chicago: SPSS Inc.).

Results

A total of 622 patients were recruited for this study. Their
baseline characteristics are shown in Table 1. The
patients’ mean age was 59.4 years. Most patients were
men, in New York Heart Association functional classes
III-1V, and had HFrEF. These patients had multiple
comorbidities. More than half had hypertension or ische-
mic heart disease, more than one-third had chronic kid-
ney disease or diabetes mellitus, and more than one-
quarter had atrial fibrillation. At discharge, around 80% of
them took ACEIs (or ARBs), beta blockers and more than
half needed MTLD. There were 174 (28%) patients
with peak tricuspid regurgitation velocity at least
2.9m/s. The median of the brain natriuretic peptide
levels was 532 pg/ml.



Table 1 Baseline clinical characteristics
Variables n=622
Age (years) 59.4+135
Men, n (%) 425 (68.3)
BMI (kg/m?) 25.2+5.2
SBP (mmHg) 121.5+£19.7
NYHA functional class >ll, n (%) 429 (68.9)
Left ventricle ejection fraction (%) 34.9+14.0
Categorization of heart failure, n (%)
HFrEF 442 (71.1)
HFmrEF 109 (17.5)
HFpEF 71 (11.4)
Peak TR velocity >2.9m/s, n (%) 174 (28.0)
Comorbidity
Diabetes mellitus, n (%) 235 (37.8)
Hypertension, n (%) 384 (61.7)
Atrial fibrillation, n (%) 159 (25.8)
COPD, n (%) 60 (9.6)
Stroke, n (%) 35 (5.6)
Chronic kidney disease, n (%) 212 (34.1)
Ischemic cause, n (%) 319 (51.3)
Medication
ACEls or ARBs, n (%) 554 (89.1)
Beta blockers, n (%) 493 (79.3)
Diuretics®, n (%) 325 (52.3)

Laboratory data

BNP (pg/ml) 532 (196; 1080)
Log (BNP) 6.0+1.4
Cholesterol (mg/dl) 178.8+47.7
Triglyceride (mg/dl) 109 (76; 152)
Serum sodium (mEg/I) 139.2+3.2
Hemoglobin (g/dl) 18.4+23
Albumin (g/dl) 8.7+05
eGFR (ml/min/1.73m?) 71.94+28.5
WBC count (10%/pl) 8.6 (6.6; 10.7)

Data are presented as mean=+SD or medians with interquartile range. ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker;
BNP, brain natriuretic peptide; chronic kidney disease means estimated glomerular
filtration rate (€GFR) < 60 ml/min/1.73 m?; COPD, chronic obstructive pulmonary
disease; HFmrEF, heart failure with mid-range ejection fraction (40—49%); HFpEF,
heart failure with preserved ejection fraction (>50%); HFrEF, heart failure with
reduced ejection fraction (<40%); NYHA, New York Heart Association; TR, tricuspid
regurgitation; WBC, white blood cell. *Maintenance therapy with a loop diuretic.
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The follow-up duration was 3.9+£2.7 years, with the
longest follow-up of 9.7 years. For each year from 1 to
9 after patients enrolled, IRRH rates were 10.8, 6.1, 6.4,
10.8, 9.5, 9.7, 8.7, 12.3, and 10.7%, respectively. By the
end of the study, 104 (16.7%) patients had IRRHs. Types
of infection consisted of 36 (34.6%) lower respiratory tract
infections, 33 (31.7%) soft tissue or muscular skeletal
system infections, 16 (15.4%) urogenital tract infections,
10 (9.6%) gastrointestinal tract infections, and nine
(8.7%) cases of sepsis. There were 94 (90.4%) bacterial,
5(4.8%) viral, 1 (1%) fungal, and 4 (3.8%) uncertain types
of infections diagnosed presumptively based on the clin-
ical presentation, biomarkers, and image findings. Patho-
gens were identified in 44 (42.3%) patient, including
bacteria in 40 (90.9%), viruses in 3 (6.8%), and fungus
in 1(2.2%) patient. Of the 104 patients who experienced
IRRHs, the time from the index hospitalization to IRRH
was 1.0 (0.4; 2.6) year.

Predictors of infection-related rehospitalization after
decompensated heart failure

In Cox univariate analysis, predictors of IRRH included
age, female sex, SBP, New York Heart Association func-
tional class at least III, diabetes mellitus, hypertension,
atrial fibrillation, chronic obstructive pulmonary disease,
not taking ACEIs or ARBs, not taking beta blockers,
MTLD, lower Hb levels, serum albumin levels, and
estimated glomerular filtration rates (eGFRs) (Table 2).
Cox multivariable analysis showed that age, diabetes

Table 2 Univariate and multivariable analysis for predictors of infection-related rehospitalization n =622

Univariate analysis

Multivariable analysis

Variables Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Age (year)® 1.04 (1.02-1.06) <0.001 1.02 (1.01-1.04) 0.009
Men 0.49 (0.33-0.72) <0.001
BMI (kg/m?)? 0.99 (0.96-1.04) 0.84
SBP (mmHg)* 1.01 (1.00-1.02) 0.04
NYHA functional class >lIl 2.33 (1.46-3.71) <0.001
Categorization of heart failure
HFrEF Reference
HFmrEF 1.21 (0.74-1.98) 0.45
HFpEF 1.65 (0.99-2.75) 0.06
Peak TR velocity >2.9 m/s 1.46 (0.98-2.19) 0.07
Diabetes mellitus 2.79 (1.89-4.14) <0.001 2.12 (1.42-3.17) <0.001
Hypertension 2.14 (1.35-3.37) 0.001
Atrial fibrillation 1.54 (1.02-2.32) 0.04
COPD 1.85 (1.07-3.19) 0.02
Ischemic heart disease 0.92 (0.63-1.35) 0.66
Stroke 1.50 (0.73-3.09) 0.27
Not taking ACEls or ARBs 2.04 (1.283-3.45) 0.005 1.67 (1.01-2.78) 0.04
Not taking beta blockers 1.72 (1.12-2.56) 0.01
MTLD 2.62 (1.69-4.04) <0.001 2.10 (1.36-3.26) 0.001
Log (BNP, pg/ml) 1.16 (0.99-1.35) 0.06
Cholesterol (mg/dI)? 0.99 (0.99-1.00) 0.10
Triglyceride (mg/d|)? 1.00 (0.99-1.00) 0.92
Serum sodium (mEqg/l)* 0.99 (0.94-1.06) 0.97
Hemoglobin (g/dl)* 0.77 (0.71-0.84) <0.001 0.87 (0.79-0.96) 0.003
Albumin (g/dI)? 0.56 (0.39-0.81) 0.002
eGFR (ml/min/1.73 m?)? 0.98 (0.97-0.99) <0.001 0.99 (0.98-0.99) 0.03
WBC count (1 03/|.L|)a 1.01 (0.96-1.06) 0.69

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin Il receptor blocker; BNP, brain natriuretic peptide; Cl, confidence interval; COPD, chronic obstructive
pulmonary disease; eGFR, estimated glomerular filtration rate; HFmrEF, heart failure with mid-range ejection fraction (40-49%); HFpEF, heart failure with preserved
ejection fraction (>50%); HFrEF, heart failure with reduced ejection fraction (<400%); MTLD, Maintenance therapy with a loop diuretic; NYHA, New York Heart Association;

TR, tricuspid regurgitation; WBC, white blood cell. Per unit increase.
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Kaplan—Meier curves for infection-related rehospitalization event-free
survival among heart failure patients categorized by needing or not
needing maintenance therapy with a loop diuretic (a) and taking or not
taking angiotensin-converting enzyme inhibitors/angiotensin Il receptor
blockers (b).

mellitus, not taking ACEIs or ARBs, M'TLD, lower Hb
levels, and lower eGFRs were independently associated
with IRRH. Kaplan—Meier curves reveal that patients who
need MTLD had significantly lower IRRH event-free
survival compared with those who did not need MTLD
(P <0.001) (Fig. 1a). Patients who did not take ACEIs or
ARBs had significantly lower IRRH event-free survival
compared with those who took ACEIs or ARBs (P = 0.004)
(Fig. 1b).

T'o predict IRRH, the area under the receiver operating
characteristic curve of the Hb was 0.64. Based on Youden’s
index, the cutoff values for men and women patients were
set at 13.2 and 12.5 g/dl, respectively. Men with Hb less
than 13.2 g/dl and women with Hb less than 12.5 g/dl had
significantly lower IRRH event-free survival compared

eGFR 30 - 60 173 124 106 78 66 52 38 23 11 7
eGFR < 30 39 27 " 6 4 2 2 1.0 0

Kaplan—Meier curves for infection-related rehospitalization event-free
survival in heart failure patients categorized by high hemoglobin
(hemoglobin >13.2 and >12.5 g/dl for men and women, respectively)
and low hemoglobin levels (hemoglobin <13.2 and <12.5 g/dI for men
and women, respectively) (a), and by estimated glomerular filtration
rates of at least 60, 30-60, and of 30 ml/min/1.73m? or less. *Log
rank =8.9, P=0.003 compared with estimated glomerular filtration
rates at least 60 ml/min/1.73m?. TLog rank=24.7, P < 0.001
compaged with estimated glomerular filtration rates at least 60 ml/min/
1.73m".

with men with Hb at least 13.2g/dl and women with
Hb at least 12.5 g/dl (P < 0.001) (Fig. 2a).

When patients were categorized by eGFRs of at least 60,
30-60 and 30 ml/min/1.73 m? or less, lower eGFRs were
associated with a graded increased risk of IRRH. Specifi-
cally, patients with eGFR 30—60 ml/min/1.73 m* had a
near doubled risk of IRRH compared with those with
eGFR at least 60 ml/min/1.73 m? (hazard ratio= 1.83,
95% CI=1.20-2.77, P=0.005). Moreover, patients with
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Forest plot portraying the hazard ratios and 95% confidence intervals of the association between the risk of long-term all-cause mortality after
infection-related rehospitalization, categorized by sepsis, lower respiratory tract, urogenital tract, gastrointestinal tract, and soft tissue or muscular

skeletal system infections.

e¢GFR of 30 ml/min/1.73 m® or less had a risk of IRRH
more than four times higher than those with eGFR at
least 60 ml/min/1.73m?> (hazard ratio=4.18, 95%
CI=2.26-7.73, P<0.001) (Fig. 2b).

The impact of infection-related rehospitalization on
long-term survival

Overall, 24.4% (7 =152) of the 622 patients had died by
the end of the study. Of the 104 patients who experi-
enced IRRH, 41.3% (7 =43) had died, whereas only 21%
(7=109) of the 518 patients who did not experience
IRRH had died. Of the 43 patients who experienced
IRRH and had died by the end of the study, the time
from IRRH to death was 0.6 (0.1; 2.7) years. When
compared with patients who did not experience IRRH,
patients who experienced IRRH were associated with an
increased risk of death during follow-up (hazard
ratio=2.79, 95% CI=1.96-3.97, P <0.001). IRRH was
an independent predictor of all-cause mortality (hazard
ratio=1.99, 95% CI =1.32-2.98, P=0.001) after adjust-
ing for the parameters well documented in previous
studies"™'* and identified in our univariate analysis,
including age, BMI, New York Heart Association func-
tional class, chronic obstructive pulmonary disease, brain
natriuretic peptide, Hb, and eGFR (Supplemental Table,
heep://links.lww.com/JCM/A274). The increased risk of
death was primarily linked to IRRHs for lower respiratory
tract infections (hazard ratio=3.71, 95% CI =2.28-6.04,
P <0.001), urogenital tract infections (hazard ratio = 2.83,
95% CI=1.32-6.10, P=0.008), and sepsis (hazard
ratio=3.26, 95% CI =1.20-8.85, P=0.020) (Fig. 3).

Discussion

To the best of our knowledge, this is the first prospective
study investigating predictors of IRRH in patients dis-
charged for acute decompensated heart failure and its
impact on long-term survival. Our main findings were:

first, one out of six heart failure patients experienced at
least one IRRH after the index hospitalization for decom-
pensated heart failure. IRRH rates were approximately
10% (6.1-12.3%) cach year after discharge from hospital
for decompensated heart failure; second, IRRH indepen-
dently predicted long-term all-cause mortality. The
increased risk of death was predominantly related to
lower respiratory tract infections, urogenital tract infec-
tions, and sepsis; third, independent predictors of IRRH
after acute decompensated heart failure were old age,
diabetes mellitus, not taking ACEIs or ARBs, MTLD,
lower Hb levels, and lower eGFR.

It is well known that cardiovascular disease-related hospi-
talizations for heart failure patients are associated with
worse subsequent survival.>*'> However, a rare study has
addressed the impact of infection-related hospitalization
on long-term survival in heart failure patients. Previously,
Alon et al. showed an increased 30-day mortality rate
among heart failure patients hospitalized for infection
compared with heart failure patients hospitalized for other
reasons using a retrospective study design on the basis of
the International Classification of Disease-9 diagnosis
codes. They showed that the higher mortality rate was
primarily related to respiratory infections, bacteremia, and
sepsis.'® Our findings extended the impact of IRRH on
survival from 30 days (shown by Alon ez a/.) to 3.9+ 2.7
years (in our study). In addition to the adverse cardiovas-
cular impact of acute infection,'” infection-induced
inflammatory responses can cause chronic atherogenesis,
myocardial fibrosis, and adverse myocardial remodeling.'®
These mechanisms might explain the impact of IRRH on
long-term survival in heart failure patients.

It is possible that frail patients with serious underlying
medical conditions were more commonly rehospitalized
due to IRRH. Consequently, these frail patients had a
higher mortality rate. To clarify this issue, we conducted a
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multivariable analysis to see whether IRRH played an
independentrole in predicting mortality after adjusting for
factors probably related to frailty. From the literature, we
learned that alge,19 BMI,?° New York Heart Association
functional class,?’ chronic obstructive pulmonary dis-
ease,?? brain natriuretic peptide,23 Hb,**and eGFR? were
associated with frailty. Based on recruiting all these factors
in the multivariable analysis model, we demonstrated that
IRRH independently predicted all-cause mortality (Sup-
plement Table, http:/links.lww.com/JCM/A274). It sug-
gests that the increased risk of death associated with
IRRHs could not be completely explained by frailty.
However, since our initial study design was not for frailty,
frailty assessment instruments such as the frailty pheno-
type and frailty index®® were not included in this study.
Therefore, our results cannot completely exclude the
possibility of association between frailty and mortality.
Further studies are needed to shed light on this issue.

The associations of old age and diabetes mellitus with
increased risk of infection have been reported in both
heart failure'® and nonheart failure patients.””*® In addi-
tion to old age and diabetes mellitus, interesting factors
meriting further investigation include MTLD, not taking
ACEIs or ARBs, lower Hb levels, and lower eGFRs.

Maintenance therapy with a loop diuretic as a predictor
of infection-related rehospitalization

Even with our multidisciplinary disease management
program directing patients to restrict intake of salt and
fluid, half of our patients still needed daily diuretics to
control symptoms and signs related to fluid overload. We
found patients who needed M'TLD were associated with
increased risk of subsequent IRRH. The mechanisms are
not entirely clear. There have been reports mentioning
that edema in heart failure patients is associated with
altered alveolar capillary barrier and higher gut perme-
ability, bacterial translocation in the gut and higher con-
centrations of inflammatory cytokines.?**° Prior studies
have also shown that clinical signs of edema are associ-
ated with worse survival.”' However, no previous study
has examined the relation of IRRH with edema and the
need to take diuretics. Our study shows that the effect of
refractory edema on patient outcomes is much greater
than we thought. The chain reactions ensuing from
edema, changes in gut and alveolar capillary barrier
permeability, to subsequent infection and/or inflamma-
tion are potential therapeutic targets for preventing
IRRH and deterioration of heart failure.

Not taking angiotensin-converting enzyme inhibitors or
angiotensin Il receptor blockers as a predictor of
infection-related rehospitalization

ACEIs and ARBs are well known medications that reduce
mortality and morbidity by regulating the renin—angioten-
sin system in heart failure patients.'” In addition to the
traditional role of regulating vascular resistance and fluid

and electrolyte balance, there is increasing evidence that
renin—angiotensin system is involved in the inflammatory
response.”” Previous studies have shown reduced systemic
inflammation in heart failure patients taking ACEIs* and
in hypertension patients taking ARBs.***> An association
between using ACEIs and reduced risk of pneumonia has
also been reported.*®*” So far, no previous study has
focused on the relation between IRRHs and use of ACEIs
or ARBs. Our results show that in addition to their tradi-
tional cardiovascular protective effects, use of ACEIs or
ARBs was associated with a lower rate of IRRHs.

Lower hemoglobin levels as a predictor of infection-
related rehospitalization

Previous studies have shown that anemia in heart failure
patients is not only associated with renal dysfunction, iron
deficiency, and decreased bone marrow erythropoiesis,
but also is a marker of inflammatory response.”® The
elevated inflammatory response is associated with high
risk of infection.”® Though researchers have shown that
anemia is an adverse prognostic indicator in heart failure
patients,*™*! rare prior studies have focused on the level
of Hb as a predictor of IRRH among heart failure
patients. In line with our findings, Alon ez a/."® also found
a relationship between lower Hb levels and IRRH. Based
on a prospective design, we demonstrated that the risk of
IRRH increased by 13% per unit (g/dl) decrease of Hb.
We further demonstrated that men with Hb less than
13.2g/dl and women with Hb less than 12.5g/dl had
significantly lower IRRH event-free survival compared
with men with Hb at least 13.2 g/dl and women with Hb
at least 12.5 g/dl. The cutoff values of 13.2 g/dl for men
and 12.5g/dl for women in this cohort are close to the
anemia definition of the 2016 European Society of Car-
diology guidelines for heart failure (Hb <13 g/dl in men
and <12g/dl in women).'® Further investigations to
explore the function of bone marrow and erythropoiesis
are mandatory for tackling IRRH.

Lower estimated glomerular filtration rate as a predictor
of infection-related rehospitalization

Many heart failure patients have chronic kidney disease
(CKD), which has a reported incidence of 32%.% Infection
is a common cause of hospitalization and mortality in
patients with CKD.* Itis necessary to identify heart failure
patients with CKD who are at high risk for IRRH for further
care planning. Consistently with our findings, one previous
study has shown that lower eGFR was associated with a
graded increased risk of all-cause hospitalizations in heart
failure patients with CKD.** Our results highlight the need
to develop effective interventions to prevent IRRH among
heart failure patients with advanced CKD.

Study limitations

The current study has a few limitations. First, this is a
single hospital study on the basis of the multidisciplinary
disease management program with a longitudinal follow-
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up study design for heart failure patients enrolled at our
heart failure center. The relatively small sample size
limits the power of the study. The results presented here
should be confirmed by prospective multicenter studies
with long-term follow-up. Second, the mean age of 59
years in our study is younger than that of heart failure
patients in the Western countries. However, one previous
community-based prospective cohort study of investigat-
ing heart failure prognosis in Taiwan showed that the
average age of heart failure patients was around 58
years.> The younger age in our patients is probably
due to different ethnicities. Finally, parameters regarding
inflammation should be fully investigated in the future.

Conclusion

The rates of IRRH remained as high as 10% each year
over the 10 years following hospitalization for acute
decompensated heart failure. IRRH independently pre-
dicted long-term all-cause mortality. We found that inde-
pendent predictors of IRRH after discharge from acute
decompensated heart failure were old age, diabetes mel-
litus, not taking ACEIs or ARBs, MTLD, lower Hb
levels, and lower eGFRs. These findings warrant future
study to tackle the problem of IRRH.
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