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Abstract

Background: The prognostic significance of nutrition indicators in patients with heart failure with preserved ejection
fraction (HFpEF) is unclear.

Objectives: This systematic review and meta-analysis aimed to assess the prognostic value of serum albumin (SA), the
geriatric nutritional risk index (GNRI), and the prognostic nutritional index (PNI) in patients with HFpEF.

Methods: Databases of PubMed, Embase, The Cochrane Library, and Web of Science were systematically searched for
all studies published up to January 2022. The prognostic significance of SA, GNRI, and PNI for HFpEF was explored.
Pooled hazard ratio (HR) and 95% confidence interval (Cl) were estimated using the STATA 15.0 software. The Quality
of Prognosis Studies tool was used to assess the quality of studies.

Results: Nine studies met the inclusion criteria, and 5603 adults with HFpEF were included in the meta-analysis. The
analyses showed that a decreased SA or GNRI was significantly related to high all-cause mortality (HR: 1.98; 95% CI:
1.282-3.057; p = 0.002; and HR: 1.812;95% Cl: 1.064-3.086; p = 0.029, respectively). Furthermore, a lower SA indicates
a bad composite outcome of all-cause mortality and HF rehospitalization (HR: 1.768; 95% ClI: 1.483-2.108; p = 0.000),
and a lower GNRI was significantly associated with high cardiovascular mortality (HR: 1.922; 95% Cl: 1.504-2.457;
p = 0.000). However, a lower PNI did not correlate with all-cause mortality (HR: 1.176; 95% CI: 0.858-1.612, p=0.314).

Conclusions: Our meta-analysis indicates that SA and GNRI may be useful indicators to predict the prognosis of patients
with HFpEF.

Keywords: Heart Failure; Prognosis; Malnutrition; Strpke Volume; Systematic Reviews; Epidemiology; Mortality.

Introduction malnutrition,** and nutritional problems related to a
worse HFE. Malnutrition leads to systemic inflammation via
activated cytokines that can stimulate the nervous system.8
All these are greatly associated with the progression of HF.
A variety of indicators can be used to assess nutritional risk.
Serum albumin (SA) is a common indicator of nutritional
assessment but is susceptible to variations in systemic
diseases. Geriatric nutritional risk index (GNRI) is used to
assess the nutritional status based on the weight, height,
and level of SA,® and prognostic nutritional index (PNI) is
used to assess the nutritional status based on SA level and
the lymphocyte count.’® These multidimensional indices
are considered more accurate and comprehensive. Several
studies have shown the predictive value of these indicators
for various clinical outcomes.''> Research on HF has
shown that these indices can also predict outcomes in

Heart failure with preserved ejection fraction (HFpEF)
has become an increasingly common form of heart
failure (HF). Epidemiological studies have shown that the
proportion of HFpEF in the HF population has increased
from 41% in 1985-1994 to 56.17% in 2005-2014."
Meanwhile, observational studies suggest that HFpEF is
associated with high morbidity and rate of hospitalization.?
This condition has become a severe public health burden,
but unfortunately, no effective therapeutic strategies exist.

Patients with HFpEF are usually elderly with many
complications, including hypertension, diabetes,
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Central lllustration: Prognostic Significance of Nutrition-Associated Markers in Heart Failure with
Preserved Ejection Fraction: A Systematic Review and Meta-Analysis

Assessing the prognostic value of SA, GNRI, PNI
in patients with HFpEF

Database searching and screening

Studies included is qualitative synthesis
(meta-analysis) (n=9)

Analysis results

SA
Lower SA Significantly related
with high all-cause mortality,
and indicates a bad composite
outcome of all-cause mortality
and HF rehospitalization

GNRI
Lower GNRI significantly
related with high all-
cause mortality and high
cardiovascular mortality

PNI

Lower PNI showed no
correlation with all-cause
mortality
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HFpEF. Therefore, our systematic review and meta-analysis
were designed to evaluate the prognostic value of SA, GNRI,
and PNI in patients with HFpEF.

Methods

This review followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines.??
It was registered in the International Prospective
Register of Systematic Reviews under the registration ID:
CRD42021238546.

Study search

PubMed, Embase, The Cochrane Library, and Web of
Science databases were systematically searched for all studies
about the prognostic significance of nutritional parameters
among patients with HFpEF published till January 2022. The
following search terms were used (“albumin” OR “ALB” OR
“hypoalbuminemia” OR “geriatric nutritional risk index” OR
“GNRI” OR “prognostic nutritional index” OR “PNI") AND
(“heart failure with preserved ejection fraction” OR “HFpEF”
OR “diastolic heart failure” OR “heart failure with normal
ejection fraction”). We additionally screened the reference
lists of selected studies and related systematic reviews to
identify relevant studies.

Selection criteria

Two authors (MY and ZT) independently performed
the study selection process, and any disagreement was
discussed. The inclusion criteria were as follows: 1. Adult
patients (>18 years old) with HFpEF (the left ventricular
EF [LVEF] of HFpEF subjects included in this study was
= 40%); and 2. Studies with prognostic information on one
of the nutritional assessment indicators (SA, GNRI, or PNI).
The exclusion criteria were: 1. Patients with severe heart
valve disease; 2. Patients with congenital heart diseases;
3. Patients with acute myocardial infarction; 4. Patients
with cor pulmonale; 5. Pregnant women; 6. Incomplete
data even after contacting the authors; and 7. Case reports
and conference abstracts.

Data extraction and quality assessment

Two authors (MY and ZT) independently extracted
the following data from the included studies: the year of
publication, first author, sample size, study design, follow-up
duration, mean/median age of the study population, mean
ejection fraction, nutritional indicators, endpoint data, hazard
ratio (HR), and corresponding 95% confidence intervals (Cls).

The Quality of Prognosis Studies Tool was used to assess
the risk of bias,’ using 6 parameters (study participation,
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study attrition, prognostic factor measurement, outcome
measurement, study confounding, and statistical analysis and
reporting), and the studies were rated as high, moderate, or
low risk of bias.

Statistical analyses

We performed the statistical analysis using STATA version
15.0 (Stata Corporation, College Station, TX, USA). HR and
95% ClI were considered concerning the effect size of each
study. When the HR was unavailable, we reconstructed the HR
estimate and its variance from the Kaplan-Meier survival curves
by Engauge Digitizer. Statistical heterogeneity was evaluated
using the chi-squared Q test and I statistic,”* where I > 50%
and p<0.05 indicated heterogeneity between studies. A
fixed-effects model was applied if there was no significant
heterogeneity; otherwise, a random-effects model was used.
Egger’s test evaluated publication bias. P values of less than
0.05 were considered statistically significant.

Results

Study search and characteristics

Figure 1 provides a detailed search selection of studies
for this meta-analysis. We identified 1536 publications
through an online database search; 661 were excluded due
to duplication. After screening the titles and abstracts, we
excluded 848 records. The full text of the remaining 27 studies
was reviewed and evaluated in detail. Finally, we included
9 articles in this meta-analysis.2%243

The characteristics of the studies included are listed in
Table 1. Of the nine studies, five were prospective, and four
were retrospective. All studies were published between 2012
and 2020, six were conducted in Asia, and three were in
North America. The analysis included 5603 adults who were
followed up for one year to 5.8 years on average. The subjects’
average ages ranged from 32 to 98 years. These studies used
various LVEF cut-offs in the HFpEF population ranging from
40% to 50%. Two studies used a threshold of 40%, one used
45%, and six used 50%. Three nutritive indexes were used
in these selected studies; five studies measured the SA, four
studies measured the GNRI, and two studies measured the
PNI to assess malnutrition.

Meta-analysis result

SA

Three studies analyzed all-cause mortality with SA. After
combining HR, lower SA predicted higher all-cause mortality
in the random effects model (HR = 1.98; 95% Cl = 1.282—
3.057, p = 0.002; I> = 83.6%; Figure 2A), and the Egger’'s test
(p = 0.584) did not identify publication bias. Three studies
analyzed the composite endpoint of all-cause mortality
and HF rehospitalization with SA, a fixed effects model
(HR = 1.768; 95% Cl = 1.483-2.108, p = 0.000; I* = 22.3%;
Fig 2B) was statistically significant, and Egger’s test (p = 0.661)
showed no publication bias.
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GNRI

Four studies analyzed all-cause mortality with GNRI. After
combining HR, the lower GNRI and the worse all-cause
mortality were predicted. Since a significant heterogeneity was
observed between individual studies (I> = 90.4%, p < 0.01), a
random effects model was used to obtain the pooled estimate
effect. The meta-analysis revealed a significantly increased all-
cause mortality (HR: 1.812; 95% Cl: 1.064-3.086, p = 0.029;
Figure 2C) for HFpEF patients with lower GNRI. However,
there may be publication bias, as supported by Egger’s test
(p = 0.014). This was tested further by Trim and Fill analysis,
and the result of pooled HR did not change. The bias did not
affect the evaluation result.

Cardiovascular mortality was analyzed in three studies with
GNRI. Comprehensive data showed that lower GNRIs were
related to higher cardiovascular mortality, and the fixed effects
model (HR = 1.922; 95% Cl = 1.504-2.457, p = 0.000;
12 = 0.00%; Figure 2D) was statistically significant, and Egger’s
test (p = 0.41) showed there was no publication bias.

PNI

PNI was estimated using a random model in two studies,
and the pooled HR revealed no statistical difference in all-
cause mortality between the patients with a high and low
level of PNI (HR: 1.176; 95% Cl: 0.858-1.612, p = 0.314,
1> =80.6%; Figure 2E), and Egger’s test (p < 0.05) showed
certain publication bias, as seen in some studies.

Study quality

The quality of these studies was assessed according to
the Quality of Prognosis Studies Tool; seven studies ranked
moderate quality, and two studies were ranked high quality.

Records identified through database searching (n=1536)

Records after duplicates removed (n=875)
’ Records excluded by titles and
abstracts (n=848)

v

Full-text articles assessed for eligibilty (n=27)

Full-text articles excluded for the
reasons below:
Without extractable data (n=9)
—} Other language than English (n=1)
Wrong subjct (n=2)
Non-conforming endpoints (n=5)
Repeated study (n=1)

Identification

Screening

Eligibility

v

Studies included in systematic review (n=9)

=]
D
o
=
5]
c

Studies included in meta-analysis (n=9)

Figure 1 - Flow chart of literature selection.
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Study %

] hr (95% CI) Weight
Mingliu2012 —0—) 2.18(227,445) 3224
Vasiliki 2018 —0—0— 1.67(1.28,2.18) 3476
ShihChieh2019 —— 1.49(1.18,222)  33.00

Overall (I-squared = 83.6%, p = 0.002) 1.98(1.28,3.08)  100.00

NOTE: Weights are from random effects analysis

Study %

D hr (85% CI) Weight
Toshiyuki 2018 —E—.— 2.27(1.59,3.23) 2459
Vasiliki 2018 —_— 169(1.13,253)  19.02
Stuart 2020 —_—— 161(1.29,208)  56.39

177(1.48,211) 100,00

Overst (v acuared 2256, p - 0276 <>

T T
1 15

5 K
Favors [highSA]  Favors [low SA]

T T
5 1 15
Favors[highSA]  Favors [low SA]

Yu-Lun 2017 1.43(1.08,1.90) 40.40

ShihChieh 2019 1.03(1.01,1.05) 59.60

Overall (I-squared = 80.6%, p = 0.023) 1.18(0.86, 1.61)  100.00

NOTE: Weights are from random effects analysis

Study %
Study %
D hr (85% CI) Weight
D hr (95% CI) Weight
Yoshiharu2013 —_— 267 (153,465 2342 Yoshiharu2013 —:—0— 2.47 (1.25, 4.90) 1287
18802019 _‘_‘_)3 320(1.29,7.92) 1648 ShinChieh2019 — 169(1.19,244) 4672
ShihChieh2019 y 102(1.01,1.03) 31.47 ;
: Masatoshi2019 ——— 2.06 (1.40,303)  40.41
Masatoshi2019 —— 179(1.33,242) 26.63 ;
- Overall (I-squared = 0.0%, p = 0.568) <> 1.92(1.50,246)  100.00
Overall (l-squared = 90.4%, p = 0.000) Q 1.81 (1.06,309) 100.00 -
NOTE: Weights are from random effects analygis
T T T T
5 115 5 15
Favors[high GNRI]  Favors [low GNRI] Favors [high GNRI]  Favors [low GNRI]
Study %
D hr (95% C1) Weight

T
5 1 15
Favors [high PNI} Favors [low PNI]

Figure 2 - A) Forrest plot of hazard ratio (HR) for the association between serum albumin (SA) and all-cause mortality; B) Forrest plot of the hazard ratio for
the association between SA and the composite endpoint of all-cause mortality and HF rehospitalization; C) Forrest plot of the hazard ratio for the association
between geriatric nutritional risk index (GNRI) and all-cause mortality; D) Forrest plot of the hazard ratio for the association between GNRI and cardiovascular
mortality; E) Forrest plot of the hazard ratio for the association between prognostic nutritional index (PNI) and all-cause mortality. Heterogeneity among studies
was determined using 12 statistics at a significance level of p < 0.05. Cl: confidence interval; HR: hazard ratio.

Four studies did not record or control confounding factors related
to the evaluation results, and three did not provide information
on losses to follow-up. Details are provided in Table 2.

Discussion

Malnutrition may result in energy deficiency, immunologic
hypofunction, and tissue and organ damage.>> Compared with
well-nourished patients, malnourished patients have longer
hospital stays, higher readmission rates, and mortality.** The
imbalances of anabolism and catabolism in the development

Arq Bras Cardiol. 2023; 120(5):e20220523

of HF can also lead to malnutrition. Research suggests that
50% of patients with chronic HF developed some degree of
malnutrition.?® The imbalance between nutrient supply and
energy needs results in impaired cellular energy metabolism
and impacts the whole body’s metabolic systems. Significant
body energy consumption can cause cardiac cachexia; it
has been reported that 15% of patients with HF manifested
cachexia.? At the same time, cardiac cachexia is considered
a risk factor for mortality in patients with HF3

As the significance of malnutrition in patients with
HFpEF has not yet been fully assessed, we evaluated the
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Table 2 - The Quality of Prognosis Studies Tool for assessing the quality of selected studies

MingLiu, 2012
Yoshiharu, 2013
Yu-Lu, 2017
Vasiliki, 2018
Toshiyuki, 2018
Isao, 2019

Shih Chieh, 2019
Masatoshi, 2019
Stuart, 2020 M

=T = =2 2 2 2 2 =
=T =2 222 2
I 2 r T 2 2 2 £

T 2 r T 2 2 2 2 Z2
—r 2 T T — 2 - T
=T 2 xx 22222
=S 2 T T 2 2 2 £ =

L: low quality; M: middle quality; H: high quality.

role of different nutritional indicators (SA, GNRI, and PNI)
in predicting the disease prognosis in patients with HFpEF.
We found that lower SA and GNRI scores were significantly
associated with higher all-cause mortality, and lower SA is also
associated with increased composite outcomes of all-cause
mortality and HF hospitalization rates. However, there was no
correlation between lower PNI and all-cause mortality. The
findings suggest that SA and GNRI may be helpful indicators
for prognosis assessment in a patient with HFpEF.

SA is a simple and objective indicator of nutritional
evaluation, and it can better reflect muscle mass and protein
storage.*>?° It is also considered an inflammatory marker.>”
SA plays an important role in many physiological processes,
including maintaining a stable colloid osmotic pressure
and microvascular integrity, delivering substance in the
body as a carrier protein, and scavenging free radicals and
anticoagulant activities.*® According to a survey by Liu et al.,*
SA deficiency was observed in 30% of patients with chronic
HF.2® Hypoproteinemia can promote the development of HF
by causing pulmonary and myocardial edema, fluid retention,
diuretic resistance, oxidative stress, and inflammation.?® A
multicenter study including adults without HF has shown
the important role of SA in the development of HF, in which
baseline hypoalbuminemia is associated with an increased
risk of developing HF during the 10-year follow-up period.*
However, studies have yielded conflicting results on the ability
of SA to predict the prognosis of patients with HFpEF. Liu et
al.? suggest that hypoalbuminemia was significantly related
to the increased risk of death for patients with HFpEFE.*
However, Shanmugam et al. show that hypoalbuminemia had
no obvious relationship to 1-year mortality in patients with
HFpEF?" Our meta-analysis reveals that hypoalbuminemia
was significantly associated with a high all-cause mortality
rate and HF hospitalizations in patients with HFpEF, which
support that SA is a strong predictor of adverse outcome in
patients with HFpEF.

GNRI was proposed by Bouillanne et al.,*' and its basic
parameters are SA and body mass index (BMI). It was initially
used to assess nutritional risk in the elderly. However, it

was also found to predict clinical outcomes under different
pathological conditions.*>** Seoudy et al.** suggest that
compared to healthy individuals, the level of cardiovascular
biomarkers increased markedly, and the prevalence of chronic
HF was higher in patients with low GNRIL** In addition,
research showed that GNRI was associated with volume
overload,* higher cardiovascular death, and higher rates of
rehospitalization**“” in patients with HF. Our meta-analysis also
indicates that low GNRI correlates with a high cardiovascular
mortality rate in patients with HFpEF. Some researchers believe
GNRI represents the patients’ frail state caused by various
stressors under multiple systems disorders.**# Studies have
shown that HFpEF patients have a higher mortality rate when
they have low BMI and poor protein reserve,***° and this poor
nutritional status may represent the progression of HFpEF.

PNI is a synthetically nutritional evaluation index
representing protein synthesis and the body’s immune
function.® Nutritional state may affect the metabolism
and function of immune cells, and malnutrition can lead
to immunosuppression and affects prognosis in patients.*?
PNI was originally used to assess the perioperative risk of
gastrointestinal surgery patients.”> However, recent research
shows that PNI is an effective prognostic marker in patients
with various malignant tumors,** acute HE? and pulmonary
embolism.** In our analysis, only two studies could be used for
the combined analysis of the impact of low PNI on all-cause
mortality of HFpEF, and the results failed to show a correlation
between PNI and HFpEF. This lack of correlation may be due
to clinical heterogeneity, as the cut-off points for PNI are
not uniform. However, due to the small number of included
studies and the unavailability of further subgroup analysis,
high-quality studies are needed to evaluate the predictive
value of PNI on the prognosis of HFpEF.

As HFpEF is a disease with high heterogeneity and
complicated pathological processes caused by multiple
comorbidities that can affect the development of HFpEF,
a single nutritional index may not accurately predict the
outcome in all patients. Comprehensive assessment of various
nutrition indicators can provide complete prognostic information,

Arq Bras Cardiol. 2023; 120(5):e20220523
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and it would increase the ability to predict and risk stratification
of HFpEF. At the same time, such risk identification may lead to
improved clinical decision-making to delay disease progression,
and formulating nutritional intervention plans may also help
improve the clinical outcome of such patients. It has been shown
that nutritional supplements are good for patients with chronic
HE>%7but further clinical studies are needed to verify whether it
is directly related to the prognosis of patients with HFpEF.

Limitations

There are some limitations in our study. There are relatively
few related studies; therefore, we could not include as many
assessable studies as possible. In our meta-analysis, we defined
HFpEF as an LVEF=40%, which can cause a difference to some
extent in the results. In some studies, the HR and 95% Cls were
estimated by Kaplan-Meier survival curves, which may lead to
potential error. Moreover, studies have a certain heterogeneity,
which may be associated with the inconsistency of cut-off value
and adjusted confounding factors when calculating HR in the
included studies. In addition, as systemic diseases can affect
nutritional status, this will also increase the heterogeneity of the
study. Because of the limited number and quality of the studies,
further studies are needed to evaluate the role of nutritional
indicators in predicting the prognosis of HFpEF.

Conclusion

As summarized in the central illustration, this meta-analysis
provides evidence of the correlation between the nutritional
indices, SA and GNRI, and the prognosis of HFpEF patients,
showing that HFpEF patients with low SA have a higher risk
of all-cause death and a higher risk of composite endpoint
events of all-cause death and rehospitalization, and HFpEF
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