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Atticle history: Background: Although a large number of studies on heart failure with reduced ejection fraction (HFrEF) have
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Received in revised form 3 August 2019 on patients with heart failure with preserved ejection fraction (HFpEF).
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- ! Methods: Clinical data of HFpEF patients registered in the China National Heart Failure Registration Study (CN-
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HF) were evaluated and the clinical features of patients with or without anemia/RD were compared to explore

the impact of anemia and RD on all-cause mortality and all-cause re-hospitalization.

Heart failure Results: 1604 patients with HFpEF were enrolled, the prevalence of anemia was 51.0%. Although anemia was as-

Heart failure with preserved ejection fraction sociated with increased risk of all-cause mortality and all-cause re-hospitalization in univariate COX regression

Anemia (p<0.05), multivariate COX model confirmed that anemia was not independently associated with all-cause mor-

Renal dysfunction tality [hazard ratio (HR) 1.14, 95% confidence interval (CI) 0.85-1.52, p = 0.386] and all-cause re-hospitalization

(HR1.13,95% C10.96-1.33, p = 0.152). Similarly, RD was not an independent predictor of all-cause mortality (HR

1.18,95% C1 0.88-1.57, p = 0.269) and all-cause re-hospitalization (HR 0.94, 95% CI 0.79-1.12, p = 0.488) as

assessed in the adjusted COX regression model. The interaction between RD and anemia on end-points events

was also not statistically significant. However, anemia was associated with increased all-cause re-

hospitalization in patients with New York Heart Association (NYHA) class III-IV.

Conclusions: In patients with HFpEF from CN-HF registry, anemia was common, but was not an independent pre-

dictor of all-cause mortality and all-cause re-hospitalization, except for the all-cause re-hospitalization in pa-

tients with NYHA class III-IV.

Clinical Trial Registration: http://www.clinicaltrials.gov/ct2/home; ID: NCT02079428.
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1. Introduction

Heart failure (HF) is the severe and end-stage of many cardiovascu-
lar diseases, anemia and renal dysfunction (RD) are common comorbid-
ities of HF [1]. The prevalence of anemia in HF patients is approximately
4%-58%, varies widely in different regions and is associated with poor
prognosis [2-5]. A large number of studies on heart failure with reduced
ejection fraction (HFrEF) have found that anemia and RD independently
predicted a worse outcome, and intravenous iron supplementation can
improve cardiac function, quality of life and outcome of HF [5,6].

Heart failure with preserved ejection fraction (HFpEF) has received
intensive research attention in recent years, the proportion of HFpEF is
as high as 22%-73% in HF patients [5]. It was shown that the prevalence
of anemia was similar in patients with HFrEF and HFpEF [7,8]. However,
the prognostic information of coexisting anemia and RD in patients with
HFpEF is poorly described. In this study, it was sought to determine the
association between RD and anemia in patients with HFpEF enrolled in
the prospective, multicenter China National Heart Failure Registration
Study (CN-HF).

2. Methods
2.1. Study population

We used the data from CN-HF (ID: NCT02079428). CN-HF, spon-
sored by Ministry of Science and Technology of the People's Republic
of China, was a nationwide, hospital-based, multicenter, prospective
registry study. This cohort consisted of 7171 HF patients enrolled from
45 hospitals across nine regions in China. Inclusion criteria for CN-HF
studies were: (1) Patients discharged from the Department of Cardiol-
ogy or Cardiovascular; (2) HF was included in the discharge diagnosis
or dead diagnosis during hospitalization; (3) Informed consent form
was given. Exclusion criteria were: (1) Patients who did not agree to
sign an informed consent form; (2) Patients who had participated in
the study during the previous hospitalization. Data from the eligible pa-
tients were obtained from medical records as well as from face-to-face
interviews. All data were recorded in standardized case report forms
(CRFs), which were completed before hospital discharge. This recorded
information included mainly history and physical examination, diag-
nostic tests (biomarkers, noninvasive cardiac imaging, invasive evalua-
tion when applicable), treatment (pharmacological treatment, device),
in-hospital outcome, follow-up and long-term outcome. Of about 200
variables, 67 variables were mandatory while others were optional.

The study conformed to the Helsinki Declaration and approved by all
participating hospital ethics committees.

2.2. Definition of HFpEF

HFpEF was defined by the criteria from Chinese guidelines for the di-
agnosis and treatment of heart failure 2014 [9], composing the presence
of 4 of the following components: (1) Heart failure symptoms and signs;
(2) left ventricular ejection fraction (LVEF) >50%; (3) Normal-sized left
ventricle: left ventricular diastolic dimension (LVDD) <60 mm or
<97 ml/m?; and one of the following echocardiographic parameters:
a. Left ventricular hypertrophy: >115 g/m? for men or > 95 g/m? for
women; b. Left atrial enlargement: >40 mm or > 34 ml/m?; c. Tissue
Doppler-verified diastolic dysfunction; (4) Exclusion of valvular heart
disease, pericardial disease, hypertrophic cardiomyopathy, or restrictive
cardiomyopathy.

2.3. Data collection

Records from all potential HFpEF hospitalizations were obtained
from CN-HF main database. The demographic data, comorbidities, phys-
ical examination, laboratory indicators, echocardiography, current med-
ication and clinical outcomes were analyzed. Among them, physical

examination, laboratory indicators and echocardiography resulted
from admission examinations, the comorbidities specifically included
the previous medical history and the first diagnosis by the clinician
after admission, atrial fibrillation (AF) included a history of previous
AF or AF confirmed by electrocardiography after admission.

Estimated glomerular filtration rate (eGFR) was calculated accord-
ing to the Modification of Diet in Renal Disease (MDRD) equations
[10], eGFR (ml-min~'-1.73 m™2) = 186 x (creatinine) — 1.154 x
(age) — 0.203 x (female x 0.742). RD was defined by an eGFR
<60 ml-min~!-1.73 m~—2 at admission, and anemia was defined as he-
moglobin (Hb) < 130 g/l in males and <120 g/1 in females according to
the World Health Organization criteria (WHO) [11].

The CN-HF study cohort patients were followed up for at least
3 years after discharge by telephone or outpatient visits every
3-6 month. In this study, our study sample was 1604 patients, after ex-
cluding baseline patients who did not meet the HFpEF diagnosis and
died during hospitalization (Fig. 1).

24. Statistical methods

We described the prevalence of anemia in HFpEF patients, compared
the baseline characteristics of patients with anemia and those with non-
anemia, and analyzed the impact of anemia and RD on all-cause mortal-
ity and all-cause re-hospitalization. Then, the patients were divided into
the following four groups: patients with neither anemia nor renal dys-
function (Anemia-RD-), patients with anemia but no renal dysfunction
(Anemia+RD—), patients with renal dysfunction but no anemia (Ane-
mia-RD+ ), patients with both anemia and renal dysfunction (Anemia
+RD+-) to further analyze the impacts of anemia and renal dysfunction
interactions on the outcomes. In addition, we also performed a sub-
group analysis of NYHA class.

Summary statistics (means, SDs, median, interquartile range and
proportions) were used to characterize the study population as appro-
priate. Student's t-test or Mann-Whitney U test were used to compare
the continuous variables whereas chi-square test or Fisher's exact test
were used to compare the categorical date. Kaplan-Meier curves and
log-rank test were used to describe time to events and compare the out-
comes. Multivariable COX proportional hazard regression model was
performed to assess the hazard ratio (HR) of all-cause mortality associ-
ated with anemia and RD, and the following covariates were included in
the model: baseline age, gender, hypertension, diabetes mellitus, myo-
cardial infarction, hyperlipidemia, atrial fibrillation, heart rate, systolic
blood pressure, diastolic blood pressure, NYHA classes, LVEF, eGFR
<60 ml-min~'-1.73 m~2, serum sodium, serum potassium, serum
total cholesterol (TC), high density lipoprotein cholesterol (HDL), low
density lipoprotein cholesterol (LDL), triglyceride (TG), brain natriuretic

| 7171 patientsin CN-HF |

1620 HF patients met the HFpEF
diagnostic criteria

16 patients died during
hospitalization;

1604 patients were included in this

study
818 patients 786 patients
with anemia without anemia

Fig. 1. Flowchart. CN-HF = China National Heart Failure Registration Study; HF = heart
failure; HFpEF = heart failure with preserved ejection fraction;
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peptide (BNP)/N-terminal pro-brain natriuretic peptide (NT-proBNP),
use of angiotensin converting enzyme inhibitors (ACEI)/angiotensin re-
ceptor blockers (ARB), beta-blockers, digital, mineralocorticoid receptor
antagonist (MRA), nitrates, stain, aspirin, traditional Chinese medicine
and anticoagulant therapy. Statistical analyses were performed using
SPSS 23.0. Two-tailed p < 0.05 were considered to indicate statistical
significance.

3. Results

Of the 1604 patients, 818 (51.0%) patients were diagnosed as ane-
mia. Patients with anemia were older, had higher NYHA class and higher
levels of serum potassium and NT-proBNP, were more likely to receive
MRAs and Nitrates; while fewer smokers and drinkers, lower heart
rate and diastolic blood pressure (DBP), lower eGFR, lower serum
level of LDL and TG, less comorbidity of hyperlipidemia, and less use
of ACEIs/ARBs, stain and aspirin as compared to patients without ane-
mia (Table 1).

1416 (88.3%) patients completed the endpoint follow-up. The me-
dian follow-up duration was 33.9 months (interquartile range 23.1--
40.8 months), incidence of death (17.5% vs. 10.6%) and re-
hospitalization (44.9% vs. 37.7%) was higher in anemia group than in
non-anemia group. Univariate COX proportional regression showed
that anemia (HR 1.74, 95% CI 1.33-2.28, p < 0.001) and RD (HR 1.76,
95% CI 1.36-2.29, p < 0.001) were significantly associated with in-
creased all-cause mortality risk, however, after adjustment for baseline
age, heart rate, serum sodium, serum potassium, TC, HDL, LDL, TG,
NYHA class, BNP/NT-proBNP, ACEI/ARB, digital, MRA, stain and aspirin,
multivariate COX model found that anemia and renal function were
not independent predictors of all-cause mortality risk (Table 2). When
analyzing the risk factors for all-cause re-hospitalization, univariate
Cox regression indicated that the HR associated with anemia was 1.27
(95%CI 1.09-1.47, p = 0.003), and the HR associated with RD was 1.17
(95%C1 0.99-1.36, p = 0.054); similarly, the adjusted multivariate Cox
regression showed that anemia (HR 1.13, 95% CI 0.96-1.33, p =
0.152) and RD (HR 0.94, 95% C1 0.79-1.12, p = 0.488) were not statisti-
cally associated with all-cause re-hospitalization risk.

There were 596 (37.2%) patients in the Anemia—RD— group, 446
(27.8%) in the Anemia+RD— group, 190 (11.8%) in the Anemia—RD+
group and 372 (23.2%) patients in the Anemia+RD+ group. Kaplan-
Meier survival curves and log-rank test showed a significant difference
both in all-cause mortality (p < 0.001) and in all-cause re-
hospitalization (p = 0.011) among the four groups (Fig. 2). Compared
with the reference group (Anemia+RD+), the adjusted HR in the Ane-
mia—RD— group, Anemia+RD— group and Anemia—RD+ group for
all-cause mortality were 0.74 (95% CI 0.50-1.08, p = 0.121), 0.92 (95%
C10.65-1.31, p = 0.640) and 1.00 (95% CI 0.65-1.54, p = 1.000); the
HR in the Anemia—RD— group, Anemia+RD— group and Anemia
—RD+ group for all-cause re-hospitalization risk were 0.94 (95% CI
0.76-1.17, p = 0.567), 1.02 (95% CI 0.82-1.26, p = 0.872) and 0.82
(95% C1 0.63-1.09, p = 0.170) (Table 3).

When the association was examined after stratifying by NYHA class
(NYHA I-II/NYHA III-IV), incidence of death was 8.3% and re-
hospitalization was 34.8% in NYHA class I-II group, and 19.2% and
47.2% in NYHA class III-IV group, respectively. Anemia was an indepen-
dent predictor of risk for all-cause re-hospitalization (HR 1.32, 95% CI
1.07-1.65, p = 0.011) in patients with NYHA class III-IV, but not in pa-
tients with NYHA class I-1I.

4. Discussion

This study showed that the prevalence of anemia in HFpEF patients
was 51.0% in CN-HF registry, and anemia was not independently associ-
ated with all-cause mortality and all-cause re-hospitalization, except for
the all-cause re-hospitalization in NYHA class III-IV patients.

Table 1
Baseline characteristics in HFpEF patients with anemia and without anemia.
Characteristics All (n =1604) Non-anemia Anemia (N = p-Values
(N =786) 818)
Age (years) 743 £11.3 716 £11.8 76.9 + 10.2 <0.001
Male 852(53.1%) 427(54.3%) 425(52.0%) 0.342
Smoking 410(25.6%) 227(28.9%) 184(22.5%) 0.003
Drinking 161(10.0%) 91(11.6) 70(8.6%) 0.044
Comorbidities
Hypertension 1184(73.8%)  573(72.9%) 611(74.7%) 0414
Diabetes mellitus ~ 439(27.4%) 198(25.2%) 241(29.5%) 0.055
Hyperlipidemia 102(6.4%) 60(7.6%) 42(5.1%) 0.040
Myocardial 212(13.2%) 108(13.7%) 104(12.7%) 0.544
infarction
Atrial fibrillation ~ 646(40.3%) 307(39.1%) 339(41.4%) 0.330
Physical
examination
Heart rate 79.7 £+ 20.0 80.8 + 20.8 78.8 £ 18.9 0.041
(beats/min)
Systolic blood 1387 +23.8 1383 +22.8 139.0+246 0.542
pressure (mmHg)
Diastolic blood 78.6 £ 13.6 804 + 133 76.8 £ 13.7 <0.001
pressure (mmHg)
NYHA classes <0.001
[ 57(3.6%) 35(4.5%) 22(2.7%)
1l 699(43.6%) 372(47.3%) 327(40.0%)
11 683(42.6%) 320(40.7%) 363(44.4%)
I\% 165(10.3%) 59(7.5%) 106(13.0%)
LVEF (%) 61.5 £ 6.6 614 + 6.6 61.6 + 6.6 0.578
Laboratory
indicators
Hemoglobin (g/1) 124.2 +£209 1399 +13.8 109.0 + 143  <0.001
eGFR 71.8 78.1 64.0 <0.001
(ml-min—'-1.73 (51.2,92.2) (61.1,97.0) (43.2,86.7)
m~2)
eGFR <60 562(35.0%) 190(24.2%) 372(45.5%) <0.001
ml-min~'-1.73
m72
Serum sodium 140.1 + 6.6 1403 £ 6.3 1399 + 6.8 0.242
(mmol/l)
Serum potassium 4.0 + 0.6 39+05 40+ 06 0.034
(mmol/l)
TC (mmol/I) 43 +£22 43 +£1.7 42 +£25 0.168
HDL (mmol/l) 12405 1.2+04 1.2+ 06 0.795
LDL (mmol/1) 24409 25409 23409 <0.001
TG (mmol/I) 1.2(0.9,1.7) 1.3(1.0,1.8) 1.1(0.8,1.6) <0.001
BNP (ng/l) 329.0 3134 3315 0.431
(145.0,748.1)  (145.9,709.8) (143.8,761.8)
NT-proBNP (ng/l) 1094.0 8319 1569.5 <0.001
(453.0,2666.5) (387.1,1940.2) (581.7,3561.7)
BNP > 400 ng/lor  685(42.7%) 272(34.6%) 413(50.5%) <0.001
NT-proBNP > 1500
ng/l
Current medication
ACEI/ARB 1156(72.1%)  602(76.6%) 554(67.7%) <0.001
Beta-blockers 1040(64.8%)  527(67.0%) 513(62.7%) 0.069
Digital 423(26.4%) 202(25.7%) 221(27.0%) 0.549
MRASs 1087(67.8%)  500(63.6%) 587(71.8%) <0.001
Nitrates 862(53.7%) 401(51.0%) 461(56.4%) 0.032
Stain 840(52.4%) 445(56.6%) 395(48.3%) 0.001
Aspirin 839(52.3%) 449(57.1%) 390(47.7%) <0.001
Anticoagulant 128(8.0%) 73(9.3%) 55(6.7%) 0.058
therapy
Traditional 374(23.3%) 175(22.3%) 199(24.3%) 0.329

Chinese medicine

NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; eGFR, esti-
mated glomerular filtration rate; Na, sodium; K, Potassium; TC, serum total cholesterol;
HDL, high density lipoprotein cholesterol; LDL, low density lipoprotein cholesterol; TG, tri-
glyceride; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-brain natriuretic
peptide; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor
blockers; MRA, mineralocorticoid receptor antagonist.

The prevalence of anemia in HFpEF patients varies greatly from
15.0% to 79.0% in different reports of different region, different study
population, different LVEF and different diagnostic criteria of anemia
[2,12-20] (Table 4). The prevalence of anemia in this study was roughly
consistent with previous studies.
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Table 2
COX proportional regression analysis associated with all-cause mortality.

Univariate cox Multivariate cox

Table 3
Hazard Ratios and 95%CI of anemia associated with cardiac endpoints, classified with renal
dysfunction.

regression regression Numbers of events n (%) HR 95%CI p value
HR  95%Cl p HR  95%CI p All-cause mortality
value value Anemia—RD— 52(8.7%) 0.74 0.50-1.08 0.121
Anemia 174 133-228 <0001 1.14 0.85-152 0.386 Anemia-+RD— 65(14.6%) 092 0.65-131 0.640
RD 176 136-229 <0001 1.18 0.88-1.57 0.269 Anemia—RD-+ 31(163%) 100 065-1.54  1.000
Age 107 1.05-1.08 <0.001 1.05 1.03-1.07 <0.001 Anemia-+RD-+ 78(21.0%) ! B B
Heart rate 1.01 1.00-1.02 0.006 1.01 0.99-1.01 0.117 All-cause re-hospitalization
Serum sodium 0.99 0.98-1.00 0.003 0.98 0.97-0.99 0.001 Anemia—RD— 223(37.4%) 0.94 0.76-1.17 0.567
Serum potassium 140 1.13-1.74 0.002 1.22 0.98-1.52 0.071 Anemia+RD— 186(41.7%) 1.02 0.82-1.26 0.872
TC 0.90 0.80-1.01 0.062 099 0.90-1.09 0.860 Anemia—RD+ 73(38.4%) 0.82 0.63-1.09 0.170
HDL 140 1.21-1.63 <0.001 1.34 1.11-1.61 0.002 Anemia+RD+ 181(48.7%) 1 - -
LDL 0.84 0.72-098 0.028 090 0.75-1.07 0.220 - - N N N ‘ ‘
TG 0.62 050-0.78 <0.001 082 0.66-1.01 0.060 Anemia—RD—, patients with neither anemia nor renal dysfunction; Anemia+RD—, pa-
NYHA class 1.80 1.50-2.16 <0.001 142 1.15-1.74 0.001 tients with anemia but no renal dysfunction; Anemia—RD+, patients with renal dysfunc-
BNP > 400 ng/l or 205 1.57-2.67 <0.001 126 0.93-1.70 0131 tion but no anemia, Anemia+RD+, patients with both anemia and renal dysfunction.
NT-proBNP > 1500 ng/1

ACEI/ARB 071 0.54-0.94 0018 0.81 0.61-1.08 0.144 GM et al. included patients of heart failure with mid-range ejection frac-
Digital 168 128-220 <0.001 127 084-172 0121 tion (HFmEF), Halawa A et al. targeted only at patients with acute heart
MRA 1.76 1.28-242 0.001 0.98 0.69-1.39 0.887 . e . .
Stain 074 057-096 0.024 101 075-136 0.966 failure, and the definition of anemia was more stringent.
Aspirin 078 060-1.02 0067 1.05 0.78-1.40 0.765 The impacts of anemia in patients with might be multifactorial. Di-

RD, renal dysfunction; TC, serum total cholesterol; HDL, high density lipoprotein choles-
terol; LDL, low density lipoprotein cholesterol; TG, triglyceride; NYHA, New York Heart As-
sociation; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-brain natriuretic
peptide; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin receptor
blockers; MRA, mineralocorticoid receptor antagonist.

The impact of anemia on clinical outcomes in patients with HFpEF
has been investigated in previous studies. Brucks et al. [21] showed
that anemia did not significantly reduce the survival (p = 0.09) in 137
patients with diastolic heart failure (LVEF > 50%). The Italian Acute
Heart Failure Survey (IS-AHF) found that anemia (Hb < 120 g/1) did
not significantly increase the all-cause mortality during hospitalization
in patients with HFpEF (p = 0.08) [17]. The ESC-HF Pilot Survey also
concluded that anemia was not an independent predictor of all-cause
death and the composite of all-cause death and re-hospitalization for
HF at 1 year [22].

However, controversial results were reported by other research
groups. Felker GM et al. [18] reported for the first time that anemia
was an independent predictor of all-cause mortality in 3093 patients
with HFpEF (LVEF > 40%) at Duke University Medical Center in the
United States. A retrospective study found that anemia was associated
with increased 5 years mortality rates rather than all-cause hospitaliza-
tion rates and cardiac-related hospitalization rates in 295 patients who
have diastolic heart failure (LVEF > 50%) [23]. Halawa A et al. [24]
showed that anemia (Hb < 100 g/1) was associated with 3-year mortal-
ity in patients with acute heart failure. In recent years, some subgroup
analysis also agreed with this conclusion [2,25]. In these studies, Felker

A 404
z Log-rank test p<0.001 - Anemia-RD-
2304 — Anemia+RD-
g =-= Anemia-RD+
g 204 =—— Anemia+RD+
@
1]
5 104
ht
E -

12 18 24 30 36
Follow-up (months)

o
o

Numbers at risk

Anemia-RD- 596 547 461 287
Anemia+RD- 446 391 317 198
Anemia-RD+ 190 175 141 78

Anemia+RD+ 372 317 261 167

rect cardiac hypoxia, increased oxidative stress, increased fluid reten-
tion, increased sympathetic, and renin-angiotensin aldosterone
activity [26] might all be related to anemia-induced negative effects in
heart failure patients. It is known that anemia might decrease the
oxygen-carrying capacity of the blood, which is mainly compensated
by the increase of heart rate and stroke volume. Since the effect of in-
creased heart rate is greater on diastolic period than that on systolic pe-
riod, the increased heart rate and subsequent increase on cardiac output
may partly explain why anemia did not resulted in poorer outcomes in
HFpEF patients with anemia as compared to HFpEF patients without
anemia [27-29].

Both anemia and RD are common complications of heart failure. In
our study, prevalence of renal dysfunction is also higher in patients
with anemia (Table 1). Postulated mechanisms include reduced produc-
tion of erythropoietin due to RD, antiproliferative effects of accumulated
uremia toxins, changes in iron homeostasis, and chronic immune acti-
vation [30,31]. Our results further showed that Anemia-RD+ group
and Anemia+RD+ group had similar all-cause mortality, which was
consistent with the subgroup analysis of the Norwegian Heart Failure
Registry and concluded that baseline anemia was not an independent
predictor of all-cause mortality in outpatients with severe renal insuffi-
ciency [32]. However, the ANCHOR Study found the anemia (120 < Hb
<130,110<Hb<120,100<Hb< 110,90 <Hb < 100) and renal dysfunc-
tion (30 < GFR < 44, 15 < GFR < 30, GFR < 15) independently increased
the risk of death from any cause, and hemoglobin level was an indepen-
dent predictor of outcomes at all levels of kidney function, regardless of
the level of systolic function [33]. The differences are considered in the

B ;\?80-
S Log-rank test p=0.011 » ‘Anemla:RD-
® 604 — Anemia+RD-
=-= Anemia-RD+

" 40 = — — Anemia+RD+

8 /f -

@

© 20 4

- 0 T T T T T T

< 0 6 12 18 24 30 36

Follow-up (months)
Numbers at risk

Anemia-RD- 596 408 240 52
Anemia+RD- 446 270 169 30
Anemia-RD+ 190 127 73 19
Anemia+RD+ 372 234 146 35

Fig. 2. Kaplan-Meier survival curve illustrating all-cause mortality (A) and all-cause re-hospitalization (B) on different groups. Anemia—RD—, patients with neither anemia nor renal
dysfunction; Anemia+RD—, patients with anemia but no renal dysfunction; Anemia-RD+, patients with renal dysfunction but no anemia, Anemia+RD+-, patients with both anemia

and renal dysfunction;
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Table 4
Prevalence of anemia in patients with HFpEF in different studies.
Numbers  LVEF Diagnostic Prevalence
of criteria (%)
patients for anemia
Parissis et al. [12] 837 >45% 15.0
Tsuchihashi-Makaya et al. 429 >50% 27.1
[13]
Goyal et al. [14] 2,330,361 336
Abohammar et al. [15] 109 >50% 35.0
Donal et al. [16] 539 >45% WHO 37.0
Tarantini et al. [17] 726 >40% Hb<120g/l 37.0
Felker et al. [18] 3093 >40% WHO 38.0
Tadaet al. [19] 357 WHO 39.0
CN-HF 1604 >50% WHO 51.0
Katsuya Kajimoto, et al. [2] 2210 >40% WHO 534
Saheb Sharif-Askari et al. 106 WHO 79.0

[20]

World Health Organization (WHO): anemia was defined as a hemoglobin (Hb) <130 g/l
for men and <120 g/ for women.

following three aspects: First of all, our study population were limited to
the hospitalized HFpEF patients. Secondly, we grouped the patients into
anemia and renal dysfunction according to admission measurements of
hemoglobin and eGFR values, and others further divided the patients
into more detailed subgroups according to the degree of anemia and
RD [33]. Accordingly, both anemia and renal dysfunction defined in
our study may be transitory rather than chronic, these factors should
be considered when interpreting the data presented in this study.

In addition, results from previous subgroup studies of HFrEF or heart
failure have found that anemia can increase the risk of all-cause mortal-
ity in NYHA class I-1I patients [2,34]. Thus, we also performed a sub-
group analysis of different NYHA class in patients with HFpEF. The
results were different from the results of patients with HFrEF or heart
failure [2,34].

Two study limitations of our study need to be mentioned: Firstly,
multivariate COX regression is used to control confounding bias as
much as possible that may affect outcome, but it cannot control the var-
iables that are not measured, The results need to be confirmed in a ran-
domized controlled trial; Secondly, CN-HF included both acute and
chronic heart failure patients, but there was no record of acute and
chronic heart failure classification, therefore, we cannot analysis the im-
pact of anemia on acute and chronic patients with HFpEF.

5. Conclusions

In summary, the prevalence of anemia in hospitalized patients with
HFpEF was 51.0% in CN-HF. Anemia was not an independent predictor
of all-cause mortality and re-hospitalization when NYHA class was not
considered, meanwhile, there was no interaction between anemia and
renal dysfunction in predicting the endpoint event.
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