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Malnutrition Predicts Adverse Outcomes After
Transcatheter Aortic Valve Replacement:
A Systematic Review and Meta-Analysis

ABSTRACT

Background: Several studies have shown that malnutrition helps to predict the occur-
rence of adverse outcomes after transcatheter aortic valve replacement. However,
there is still controversy and uncertainty regarding the prevalence and consequences of
malnutrition. We performed a systematic review and meta-analysis to assess the rela-
tionship between malnutrition and poor postoperative outcomes in transcatheter aortic
valve replacement.

Methods: Observational studies were searched in PubMed, EMBASE, Cochrane Library,
Web of Science, and MEDLINE regarding the relationship between malnutrition and
adverse outcomes after transcatheter aortic valve replacement, with the primary end-
point being all-cause mortality and secondary outcomes such as cardiovascular compli-
cations and readmission rates. This meta-analysis was registered in PROSPERO (number
CRD42022310139).

Results: Atotal of 10 studiesinvolving 5936 subjects wereincludedinthe systematicreview
and meta-analysis. The results showed that malnourished patients had an increased
risk of all-cause mortality after transcatheter aortic valve replacement compared with
non-malnourished patients (hazard ratios [HR]1=1.32, 95% CI[1.13, 1.53], P <.01). Subgroup
analysis showed thatin Asia, postoperative all-cause mortality was significantly higherin
malnourished transcatheter aortic valve replacement patients thanin non-malnourished
transcatheter aortic valve replacement patients (P <.01), and in addition, sample size and
follow-up time may have contributed to the large heterogeneity.

Conclusion: Malnutrition increases the risk of all-cause mortality in such patients and
may predict the occurrence of adverse postoperative outcomes.
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INTRODUCTION

Aortic stenosis (AS)is a progressively aggravating heart valve disease, and degen-
erative valve disease isbecoming more common as the population ages."?Inrecent
years, the advent of transcatheter aortic valve replacement (TAVR) has provided
an effective treatment option for elderly patients who are unable to undergo sur-
gical valve replacement, and as the number of TAVR procedures increases each
year, the nutritional status of this group of patients has become anincreasing con-
cern.®* Malnutrition is a common disease in elderly patients and it has been shown
that malnutrition weakens the immune response of patients, stimulates T-cell
energy deficiency, and produces a dysfunctional immune response that predis-
poses to infection and proteolytic metabolism, resulting in delayed wound heal-
ing.*In addition, patients with AS have a progressive decrease in ejection fraction,
resulting in blood poolingin the body and pulmonary circulation, leading to slowed
gastrointestinal motility and abnormal secretion of digestive enzymes, further
exacerbating the state of malnutrition.®Several studies have shown that malnutri-
tionis associated with increased short- and long-term mortality and that detailed
nutritional assessment significantly predicts mortality 1 year after TAVR and
helps prevent adverse postoperative outcomes.®® However, there is uncertainty
and controversy regarding the prevalence and consequences of malnutrition.
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The value of malnutrition on prognosis has not been sys-
tematically assessed; therefore, this study retrospectively
assessedthe preoperative nutritionalstatus of TAVR patients
and determined the impact of malnutrition on postoperative
mortality and clinical outcomes in TAVR to draw the atten-
tion of investigators and provide a basis for the treatment
and nutritional management of TAVR patients.

METHODS

Systematic reviews and meta-analyses were performed
according to the Preferred Reporting Items for Systematic
and Meta-Analyses protocol and the meta-analysis check-
list for epidemiological observational studies. The pro-
tocol was registered with the International Platform for
Registration of Systematic Evaluation and Meta-Analysis
Protocols (PROSPERO) on March 14, 2022 (registration num-
ber CRD42022310139), at https:/www.crd.york.ac.uk/PRO
SPERO.

Literature Search

The search strategy was a computerized search of foreign
language databases including PubMed, EMBASE, Cochrane
Library, Web Science, and MEDLINE, using a combination
of free words and subject terms, with English search terms:
(transcatheter aortic valve replacement OR TAVR OR
transcatheter aortic valve implantation OR TAVI) AND
(Malnutrition OR Nutritional deficiency OR Nutritional
deficiencies OR Undernutrition OR Malnourishment OR
Nutritional Status OR Status Nutritional OR Nutrition Status
OR Status Nutrition). Searches were conducted from the
beginning of the database to February 2022, and results
were limited to data from adult subjects without filtering
for study design, language, or publication date; references
to the acquired literature were queried to prevent omissions.

Eligibility Criteria

Inclusion criteria: (1) study type: aretrospective study, cohort
study, or case-control study; (2) study population: patients
receiving TAVR; (3) exposure factors: malnutrition diagnosed
by assessmentscreening; (4) literature published in academic
journals and with original data analysis, this study was con-
ducted to ensure methodological rigor of the included litera-
ture, gray literature wasnotincluded; (5) thesestudiesrequire
acontrol group (no malnutrition) and report-adjusted hazard
ratios (HR) (95% Cl) for postoperative all-cause mortality
between malnourished and non-malnourished populations;

HIGHLIGHTS

e Malnutrition predicts postoperative all-cause mortality
in patients with transcatheter aortic valve replacement
(TAVR).

e Nutritional status is part of risk stratification and is an
actionable risk factor, and nutritional assessment can
provide guidance for nutritional therapy and secondary
prevention.

e Whether nutritional interventions can prevent the
occurrence of adverse outcomes and delay disease pro-
gression after TAVR requires further study.
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(6) written in English. Exclusion criteria: (1) incomplete data
or lack of basic data even after contacting the authors;
(2) repeated publications by the same authors or the same
research group; and (3) conference papers, reviews, and case
reports.

Study Selection and Data Extraction

After removing duplicates from all literature using EndNote
software, 2 master’s students trained in evidence-based
nursing courses and with good English literature reading
skillsindependently performed literature screening and data
extraction; in case of disagreement, a third investigator
intervened to negotiate the decision. The firstinitial screen-
ing was done by reading the titles and abstracts of the liter-
ature to exclude irrelevant literature, and then the full text
was obtained for re-screening. The extracts were as follows:
(1) study design information: first author’s last name, year
of publication, study type (retrospective or prospective),
mean/median age, sex, body mass index (BMI), the Society
of Thoracic Surgeons (STS) score, primary endpoint dataq,
follow-up time, study area, sample size, the prevalence of
malnutrition, and screening tools for malnutrition. (2) Study
results and conclusions: results of studies reflecting all-cause
mortality after malnutrition and TAVR, such as the risk ratio
(HR) and its 95% Cl.

Study Appraisal

The quality assessment was conducted independently by 2
investigators, with a third investigatorintervening to negoti-
ate the decision in case of disagreement. Cohort studies and
case-control studies were evaluated using the Newcastle
Ottawa Scale (NOS), which contains 3 aspects of study
population selection, comparability between groups, and
outcome measures, with 8 entries and a total score of 0-9.
A score of >7 was considered high-quality literature.

Statistical Methods

The study was analyzed using Stata 14.0, and results are
shown as mean + standard error when normally distrib-
uted, otherwise, they are shown as median and interquartile
range. Heterogeneity tests were analyzed using the Q test
(testlevel a=0.10) and combined with /> to evaluate the mag-
nitude of heterogeneity. If P >.10 and /> < 50%, homogeneity
between studies was indicated and a fixed-effects model
was used for systematic evaluation; if P <10 and /? > 50%,
heterogeneity between studies was indicated, and a ran-
dom-effects model was selected for evaluation. Subgroup
analysis was performed according to the basic character-
istics of the included studies, and subgroup analysis was
used to explore and reduce the sources of heterogeneity
according to geography and malnutrition screening tools.
Sensitivity analysis was used to evaluate the stability of the
results. Begg's test and Egger’s test were used to assess the
potential publication bias of each literature, and differences
were considered statistically significant at P <.05.

RESULTS

Study Selection
Atotal of 1887 articles were retrieved through a combination
of free words and subject terms. A total of 10 articles were
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Records excluded:

Reviews, systematic reviews,

commentaries, abstract/posters,

case reports, exclusion by title

and abstract, full text cannot be
obtained. (n=1419)

Reports excluded:

No mention of malnutrition (n = 1)

No mention of the relationship

between malnutrition and poor

outcomes (n=3)

No original data (n = 2)

Hazard ratios (HR) and
corresponding 95% confidence
intervals (Cls) were not reported

or there was insufficient data to
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=
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Figure1. The flow diagram identifying the literature.

included according to the inclusion and exclusion criteria, as
shownin (Figure1).

Characteristics of the Studies Included in the Meta-analysis
A total of 10 studies published from 2018 to 2021¢°"7 were
included, see (Table 1), including 5936 TAVR patients with
preoperative malnutrition prevalence of 27.3-65.3%, includ-
ing 7 prospective cohorts"™"” and 3 retrospective cohort
studies.®™®”> Only 4%°%5% studies included heart failure or
rehospitalization rates as an outcome indicator, while the
remaining studies used only all-cause mortality as an indi-
cator. Follow-up ranged from 0.3 to 2 years, with 1" study
assessingall-cause mortality at3months, 2 studies™™ assess-
ing all-cause mortality at 2 years postoperatively, and the
remaining studies assessing all-cause mortality in patients
at 1 year postoperatively. The mean age of TAVR patients
ranged from 77 to 84 years. The included studies used dif-
ferent types of malnutrition screening tools, including the
Control of Nutritional Status (CONUT), Mini Nutritional
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Assessment-Short Form (MNA-SF), Geriatric Nutritional Risk
Index (GNRI), Nutritional Risk Index (NRI), and Prognostic
Nutritional Index (PNI). A total of 3 articles®** used 3 differ-
ent malnutrition screening and diagnostic tools to predict
patient prognosis. Cohort study quality was evaluated using
the NOS Literature Quality Rating Scale, with 5 articles®®"1214
being of moderate quality and the rest being®*">" of high
quality.

Postoperative All-Cause Mortality

A test for heterogeneity was derived from the inclusion of 10
cohort studies (?7=93.7% > 50%, P <.01 for Q test), and ran-
dom effects were selected for meta-analysis. There was
extreme heterogeneity amongtheliterature selected for this
study (Figure 2), and the source of heterogeneity was highly
suspected to be the malnutrition assessment tool, and sub-
group analysis will be performed subsequently to continue
the investigation of the causes of heterogeneity. The results
of the random-effects meta-analysis showed that all-cause
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Study %
0 HR (95% CI) Weight
Kenichi 2018 —_— 3.60 (2.30, 5.64) 695
Roc™02018 —f-o-— 1.45(1.05, 1.99) 10.00

'
Taishi2019 -—4— 1.91(1.27,288) 777
Shunichi2020 : 267(1.29,621) 301

'
Kyusup 2020 ' 3.77 (1.54,9.20) 242
Hatim2021 + 1.44(1.01,204) 920
Mohmet2021 - . 0.90 (0.86, 0.93) 18.68
Keita2021 . 1.07 (1,06, 1.10) 18.83
Sivia2021 — ! 0.80 (0.70, 0.90) 16.66
Roc 02021 ;—o— 2.10(1.30,3.39) 638
Overall (I-squared =93.7%, p = 0.000) O 1.32(1.13,1.53) 100.00

'
NOTE: Weights are from random effects analysis :

T T T T

-
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Figure 2. Result of the meta-analysis of hazard ratio values for all-cause mortality.

mortality in malnourished patients was 1.3 times higher
than that in non-malnourished patients (HR=1.32,95% ClI:
[1131.53], P <.01), a statistically significant result, suggesting
that preoperative malnutrition can significantly increase the
risk of death after TAVR.

Postoperative Complications

Three studies reported the relationship between malnu-
trition and the occurrence of postoperative complications
after TAVR. The study by Rocio et al’® used GNRIto record the
nutritional status of patients with a 3-month follow-up and
showed that patients with worsening nutritional risk after
TAVR had a higher risk in-hospital stroke incidence (8.0% vs.
0.7%, P =.011). The study by Keita et al® enrolled 968 consecu-
tive patients treated with TAVR and divided the patientsinto
2 groups based on the median baseline of GNRI. The results
showed that the low GNRI group (GNRI < 103) had higher
rates of STS scores and renal insufficiency, but there were no
significant differences in 30-day mortality, stroke, or bleed-
ing between the 2 groups. A study by Silvia et al® showed no
differences in complications between PNI groups. Currently,
there are conflicting data on the relationship between
malnutrition and patients presenting with postoperative
complications, and given the small sample size and hetero-
geneity of studies, more studies will be needed in the future
to describe the relationship between malnutrition and clini-
cal outcomes in patients with TAVR.™

Hospital Resources

Two studies reported the relationship between malnutri-
tion and rehospitalization in TAVR patients. A study by Rocio
et al” showed a 39.7% rehospitalization rate for heart fail-
ure at 3 months after TAVR, a 50% adjusted reduction in the
risk of rehospitalization for heart failure in patients with
improved postoperative nutritional risk, and a 56% adjusted
reduction in the risk of the composite endpoint of death
and heart failure hospitalization. The study by Taishi et al®
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analyzed 95 patients treated with TAVR from December
2013 to February 2017, calculating preoperative patient
CONUT, PNI, and GNRI, respectively, and showed that 12
(12.6%) were rehospitalized for worsening heart failure and19
(20.0%) had a composite outcome within 1year after TAVR. In
the Kaplan-Meier analysis, the composite endpoint of death
and rehospitalization for heart failure was associated with
higher CONUT scores and lower PNI scores (38.5% vs. 13.0%;
P =.006,39.3%vs.11.9%; P =.002).

Subgroup Analysis, Sensitivity Analysis, and Publication Bias
Subgroup analyses were performed based on geography,
sample size, follow-up time, and malnutrition screening
tools. Results showed that in the ethnic subgroup, the dif-
ference between the 2 groups was statistically significant in
Asia [HR=2.74; 95% ClI: (1.89-3.95), ’=38.1%, P <.01) but not
in Europe; studies with sample size greater than or equal to
300 predicted a higher risk of all-cause mortality after TAVR
than studies with sample sizes less than 300 [HR=1.85. 95%
Cl: (1.24-2.77), I’=89.8%, P <.01]; studies with follow-up >
1 year predicted the risk of all-cause mortality after TAVR
[HR=1.37; 95% Cl: (1.02-1.83), ’*=73.5%, P =.034]; in the sub-
group of malnutrition screening tools, GRNI: (HR=1.34, 95%
Cl: 112-1.60, ?’=95.4%, P <.01). Thus, sample size, follow-up
time, malnutrition screening tool, and ethnicity resulted in
greater heterogeneity, as shownin Table 2.

The results of the sensitivity analysis showed no significant
change in the prognosis of malnutrition after exclusion from
the literature, indicating that the results of this meta-analy-
sis were stable (Figure 3).

The included prognostic literature was tested for publica-
tion bias based on Begg and Egger tests and funnel plots.
The results of the Begg test showed that Kendall's score was
—4 (z=0.37, P =.711) (Figure 4). The results of the Egger test
showed nosignificant difference (t=0.83, P=.440) (Figure 5).
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Table 2. Prognosis of Malnutrition Among Different Subgroups

HR 95% ClI (%) z P Model
All studies 1.32 (113, 1.53) 93.7 3.62 <.001 Random model
Race
Asian 2.74 (1.89,3.95) 381 5.37 <.001 Random model
Caucasian 1.07 (0.93,1.23) 94.4 093 .351 Random model
Time
<1 1.59 (1.14,2.20) 93.3 2.76 .006 Random model
>1 1.37 (1.02,1.83) 73.5 212 .034 Random model
Evaluation criteria of malnutrition
GNRI 1.34 (112, 1.60) 95.4 3.21 .001 Random model
Other 1.46 (0.85, 2.51) 90.5 1.38 169 Random model
Sample
>300 1.85 (1.24,2.77) 89.8 299 .003 Random model
<300 1.08 (0.85,1.39) 87.3 0.63 .527 Random model
Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit
Kenichi 2018 o \
Rocio2018 ‘ U RN 1 T 1 R
Taishi2019 | || O v
SAUNICAI2020 ||+ O v
KyUSUP 2020 |+ oofr s [ TR R
Hatim2021 | || S P,
Mehmet2021 |
Keita2021 | | Ot
SIVIA2021 | @
ROGIO2027 | [+ SO |
\
1.07 1.16 1.66 2.17 2.46

Figure 3. Result of the sensitivity analysis.

Begg's funnel plot with pseudo 95% confidence limits

log[Inhr]

T T T
5
s.e. of: log[Inhr]

Figure 4. Funnel plot generated by the Begg test.

DISCUSSION

Transcatheter aortic valve replacement is increasingly
used in clinical practice as a treatment for severe AS";
however, mortality after TAVR remains high, especially in
older, frail patients,?*?' and before undergoing TAVR treat-
ment, patients’ perioperative risk scores are calculated
using conventional surgical risk models, such as the STS risk
score,?? and these assessments do not include nutritional
assessment, which may affect our understanding of vari-
ous patient characteristics. In addition, nutritional status is
part of risk stratification and is an actionable risk factor, and
nutritional assessment can provide guidance and secondary
prevention for nutritional therapy.? Therefore, the relation-
ship between malnutrition on adverse outcomes after TAVR
should be explored to identify high-risk groups early and
reduce their prevalence.
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Egger's publication bias plot
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0 2 4 6

precision

Figure 5. Funnel plot generated by the Egger test.

This systematic review and meta-analysis summarize the
impact of malnutrition on the occurrence of adverse out-
comes after TAVR. Based on the results of data from nearly
5936 subjects, the prevalence of malnutrition in TAVR
patients ranged from 27.3% to 65.3%; the prevalence of mal-
nutrition in TAVR patients assessed using the GNRI scale was
32.7%-61.4%, and the prevalence of malnutrition assessed
by PNI, NRI, CONUT, and MNA-SF was 50%, 48.1%, 27.3%,
and 65.3%, respectively, which may be related to different
countries, sample sizes, and more severe diseases. In addi-
tion, the prevalence of malnutrition in heart failure patients
was 37%-56%,** with 39%-51% of malnutrition assessed using
MNA, which differs significantly from the prevalence of mal-
nutrition in TAVR patients, which we found may be related
to the average age of the included TAVR patients being
>84 years and the lower BMI and Katz Index. Another find-
ing was that malnourished patients had an approximately
1.3-fold increase in postoperative all-cause mortality com-
pared with non-malnourished patients. A study involving
105 603 TAVR patients showed that malnutrition was a sig-
nificant independent predictor of increased postoperative
mortality, complications, and readmission rates,”® which
is consistent with previous studies.?® Subgroup analysis
showed that follow-up <1year [HR=1.59, 95% Cl: (114-2.20),
2=93.3%, P <.01] and follow-up <1 year was a greater pre-
dictor of mortality than malnutrition in studies >1 year, and
subgroups <1 year were included in studies with follow-up
ranging from 3 to 12 months, which may lead to heterogene-
ity; in the malnutrition screening tool subgroup, lower GNRI
was independently associated with postoperative all-cause
mortality [HR=1.34, 95% ClI: (112-1.60), *=95.4%, P <.01].
Geriatric Nutritional Risk Index is calculated from serum
albumin and BMI, simple objective nutritional indicators suit-
able forroutine use, quick and easy to use, and a valid param-
eter for predicting postoperative mortality in TAVR patients.
Three of the included studies reported a mean BMI above 28
kg/m?, which may underestimate malnutrition in overweight
patients;in large sample size studies, in Asian countries mal-
nutrition is a greater predictor of mortality (see Table 2).
Therefore, future studies should investigate the differences
in the nutritional status of TAVR patients based on different
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ethnicities and large sample sizes, with a focus on selecting
more appropriate tools to assess the nutritional status of
TAVR patients.

A meta-analysis® investigating the prognosis of malnutrition
in TAVR patients concluded that malnutrition was associ-
ated with an increased risk of 1-year all-cause mortality in
patients treated with TAVR, and the present study is con-
sistent with the results of this study. The study included only
scales containing simple objective indicators that estimate
nutritional risk rather than assessing malnutrition. The pres-
ent study included not only scales with objective indicators
but also the Nutrition Assessment Questionnaire—MNA-SF,
which takes into account not only the psychosomatic prob-
lems of the patient but also dietary and pharmacological
mobility and has a better classification performance iniden-
tifying malnutrition. In terms of follow-up time, the risk of
death in patients with combined malnutrition and follow-
up time >1year was 1.37 times higher than in patients with-
out combined malnutrition [HR=1.37, 95% CI: (1.02-1.83),
[?=73.5%, P =.034], and the impact of malnutrition on long-
term prognosis is important, but further studies are needed.
In this study, malnutritionin TAVR patients was compiled and
analyzed from a long-term prognostic perspective to pro-
vide areference for subsequent studies.

Malnutrition is thought to promote manifestations of sys-
temic inflammation leading to accelerated progression of
cardiovascular disease and bone loss, while activation of
neurohormonal and inflammatory pathways in patients with
cardiovascular disease may increase catabolic demands and
in this way create a vicious cycle.?”?¢ During the perioperative
period, the synthetic effects of nutrition may be diminished,
and the early effects of TAVR on postoperative left ventricu-
lar remodeling are evident in patients. The maintenance of
postoperative cardiac function must be enhanced;? there-
fore, the length of hospital stay is longer in malnourished
patients. Another study confirmed that malnutrition is asso-
ciated with frailty and sarcopenia in patients with TAVR. 303
Also, frailty is an independent risk factor for poor prognosis
after TAVR.*2 Therefore, patients with poor nutritional status
may be more prone to cardiac events, and itis recommended
that patients be screened for nutritional status at admission
and that nutritional interventions be performed if neces-
sary. Current nutritional interventions are mainly aimed at
the elderly, and fewer studies have been conducted specifi-
cally on nutritional interventions for patients with TAVR. In
a multicenter randomized controlled trial, supplementation
with vitamin D and leucine-rich whey protein was shown to
improve muscle mass and lower extremity function.®® This
intervention may also apply to patients with TAVR. A large
number of future randomized trials are needed to demon-
strate that nutritional interventions can eliminate the nega-
tive impact of malnutrition on patient prognosis.

Study Limitations

The main limitations of this study are as follows: first, the
small sample size of the studies included in this study may
have influenced the results; second, some studies lacked
information on adjusted risk ratios and their 95% Cls, and
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all-cause mortality was excluded from the analysis; third, the
components of the studies were malnutrition and non-mal-
nutrition, but the severity of the selected malnutrition was
not disclosed; fourth, the definition of malnutrition varied
widely across studies. Despite these limitations, malnutri-
tionis considered to be a cause of death after TAVR.

CONCLUSION

In conclusion, this meta-analysis is the first to summarize
the impact of malnutrition on poor outcomes after TAVR,
provide evidence regarding the prevalence and prognosis of
malnutrition in patients treated with TAVR, and confirm that
malnutrition is significantly associated with poor outcomes
after TAVR. Therefore, preoperative nutritional assessment
can identify malnutrition and predict poor outcomes after
TAVR, and according to guidelines, prevention and early
nutritional interventions can help improve the nutritional
status and prognosis of patients and have an important
impact on their long-term survival.
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