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s u m m a r y

Background & aims: Diagnosed prevalence of malnutrition and dietary intake are currently unknown in
patients with severe aortic stenosis planned to undergo Transcatheter Aortic Valve Implantation (TAVI).
This study describes the preprocedural nutritional status, protein intake and diet quality.
Methods: Consecutive preprocedural TAVI patients were asked to participate in this explorative study.
Nutritional status was diagnosed with the global leadership initiative on malnutrition (GLIM) criteria.
Preprocedural protein intake and diet quality were assessed with a three-day dietary record. To increase
the record's validity, a researcher visited the participants at their homes to confirm the record. Protein
intake was reported as an average intake of three days and diet quality was assessed using the Dutch
dietary guidelines (score range 0e14, 1 point for adherence to each guideline).
Results: Of the included patients (n ¼ 50, median age 80 ± 5, 56% male) 32% (n ¼ 16) were diagnosed
with malnutrition. Patients diagnosed with malnutrition had a lower protein intake (1.02 ± 0.28 g/kg/day
vs 0.87 ± 0.21 g/kg/day, p ¼ 0.04). The difference in protein intake mainly took place during lunch
(20 ± 13 g/kg vs 13 ± 7 g/kg, p ¼ 0.03). Patients adhered to 6.4 ± 2.2 out of 14 dietary guidelines.
Adherence to the guideline of whole grains and ratio of whole grains was lower in the group of patients
with malnutrition than in patients with normal nutritional status (both 62% vs 19%, p ¼ 0.01). In a
multivariate analysis diabetes mellitus was found as an independent predictor of malnutrition.
Conclusion: Prevalence of malnutrition among TAVI patients is very high up to 32%. Patients with
malnutrition had lower protein and whole grain intake than patients with normal nutritional status.
Furthermore, we found diabetes mellitus as independent predictor of malnutrition. Nutrition in-
terventions in this older patient group are highly warranted.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
1. Introduction

Aortic stenosis is the most common cardiac valve disease and its
prevalence highly increases with age. The common treatment for
patients with severe aortic stenosis is an open heart surgery known
as Surgical Aortic Valve Replacement (SAVR). Alternatively, for frail
and elderly patients the less invasive Transcatheter Aortic Valve
Implantation (TAVI) is preferred. Despite the low invasiveness of
TAVI, many of these frail and elderly patients experience poor
Amsterdam UMC, University
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clinical outcomes. Six months after the procedure 30% of the pa-
tients have a decline in physical performance on the 6-min walk
test and at one year approximately 10% of the TAVI patients are
deceased [1,2]. One of the major risk factors for these negative
outcomes is malnutrition, indeed, the risk of malnutrition is linked
to a twofold increase in mortality and a threefold increase in
decline of physical performance after TAVI [3e5].

Among community-based older adults, low nutrient intake,
specifically low protein intake and low diet quality are the main
underlying causes of malnutrition [6,7]. TAVI patients are at high
risk for both inadequate protein intake and low diet quality, caused
by a combination of lower appetite and higher need [6]. Indeed,
several experts agree that the protein requirements for older adults
for Clinical Nutrition and Metabolism. This is an open access article under the CC BY
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Table 1
Patient characteristics.

Total Normal
nutritional
status

Malnutrition P value

Sample size, n (%) 50 (100) 34 (68) 16 (32)
Sex ¼ male, n (%) 28 (56) 19 (56) 9 (56) 1.00
Age (Years), mean ± SD 80 ± 5 79 ± 5 81 ± 6 0.47
Weight (kg), mean ± SD
Male 87 ± 5 83 ± 12 94 ± 19 0.18
Female 76 ± 18 75 ± 17 78 ± 20 0.75
BMI (kg/m2), mean ± SD
Male 28.4 ± 5.3 27.3 ± 3.7 30.4 ± 4.8 0.12
Female 28.3 ± 4.3 28.5 ± 5.2 28.1 ± 5.8 0.87
Muscle Mass L3 (cm2/m2),

mean ± SD
Male 48.1 ± 7.4 48.1 ± 8.5 48.1 ± 5.1 0.99
Female 40.3 ± 7.4 42.4 ± 6.8 35.7 ± 6.7 0.05
Living Arrangement

¼ Alone, n (%)
21 (42) 13 (38) 8 (50) 0.63

Diabetes mellitus
¼ yes, n (%)

16 (32) 6 (18) 10 (63) <0.01

Educational Level, n (%)
Low 13 (26) 10 (30) 3 (19) 0.39
Middle 24 (48) 14 (40) 10 (62)
High 13 (26) 10 (30) 3 (19)
Smoking Status

¼ no smoker, n (%)
46 (92) 31 (91) 15 (94) 1.00

NYHA-score ¼ III/IV, n (%) 24 (48) 14 (41) 10 (63) 0.23
Euroscore-II, mean ± SD 2.6 ± 1.6 2.5 ± 1.7 2.7 ± 1.4 0.58
Access site ¼ Transfemoral, n (%) 44 (88) 28 (82) 16 (100) 0.16
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with an acute or chronic illness, including TAVI patients, should be
higher, between 1.2 and 1.5 g/kg/day [6]. Currently, the nutritional
assessment in TAVI patients has only been conducted using the
mini nutritional assessment (MNA), which is a screening tool for
malnutrition and not a diagnosis of malnutrition [8]. Therefore, the
prevalence of diagnosed malnutrition in TAVI patients is currently
unknown. Moreover, dietary intake in these patients is unknown,
while this information can be important for the scope of an effec-
tive nutrition intervention. The main aim of this study is to di-
agnose malnutrition and explore the protein intake and diet quality
in preprocedural TAVI patients.

2. Materials and methods

2.1. Study design and participants

FromMay 2019 until January 2020 consecutive patients planned
for a TAVI procedure were asked to participate in this cross-
sectional observational study. All measurements took place
approximately two to eight weeks before the cardiac procedure.
Before enrollment, all included patients had to sign a written
informed consent form. The study is in accordance with the
declaration of Helsinki and has been approved by the local insti-
tutional review board (Medical Ethics Committee of the academic
medical center in Amsterdam, the Netherlands).

2.2. Data collection

Nutritional status was diagnosed with the global leadership
initiative on malnutrition (GLIM) criteria [9]. In accordance with
the GLIM criteria malnutrition was diagnosed when one pheno-
typic and one etiologic criterium was present. Phenotypic criteria
were: low BMI (<22), low muscle area (�55.4 cm2/m2 in men
or � 38.9 cm2/m2 in women at lumbar vertebra 3 [10,11]) and
involuntary weight loss (>3 kg in three months). Etiologic criteria
were: reduced food intake (self-reported reduced appetite) and
high inflammation: (C-reactive protein > 5 mg/L). Muscle area was
determined on the preprocedural CT scan with the deep learning-
based software of Quantib Body Composition (version 0.1.0,
Quantib, Rotterdam, the Netherlands) [12].

Dietary intake was determined using a three-day dietary record.
During three consecutive days participants were asked to docu-
ment all consumed foods and drinks divided over six meals. To
increase the validity of the record, a researcher (NA or DvE), visited
the participants at their homes to confirm the record and add
additional information when required. The Dutch national food
composition database of 2016 was used to convert the dietary re-
cords into the nutrient intake.

Diet quality was assessed as adherence to the Dutch dietary
guidelines 2015 [13]. The Dutch dietary guidelines describe rec-
ommendations for the intake of 14 food groups, based on high in-
ternational evidence. Criterion validity of these guidelines was
previously shown in a population-based prospective Dutch cohort
(n ¼ 9701) [13]. In line with this study, the following food groups
and cut-off values were applied: vegetables (� 200 g/day), fruit (�
200 g/day), whole-grains (� 90 g/day), nuts (� 15 g/day), dairy (�
350 g/day), tea (� 450 ml/day), fish (� 100 g/week), legumes (�
135 g/week), sweet beverages (� 150 ml/day), alcohol (� 10 g/day),
salt (� 6 g/day), red and processed meat (� 43 g/day), ratio whole-
grains (� 50%) and ratio statured fat (� 50%). We used the sum of
the number of guidelines adhered to (each a score of 1), with a
theoretical range from 0 (no adherence) to 14 (full adherence).

In addition to above mentioned measurements, baseline char-
acteristics as Euroscore II (risk score for cardiac surgical mortality)
and New York Heart Association score (NYHA, classification based
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on limitations during physical activity) were determined. Further-
more, the access site of the heart valve implantation was reported,
which was transfemoral (which does not require general anes-
thetics) or the more invasive transaortic access site (which requires
general anesthetics).

2.3. Statistical analysis

Data are presented as the mean and standard deviation, median
and interquartile range (IQR) or count and percentages depending
on distribution. Total protein, energy intake and other macronu-
trient intakes in gram per day were determined using the average
intake over three days. For calculation of protein intake per kg body
weight, for patients with a BMI< 20 or> 30 kg/m2, bodyweight was
adjusted to match a BMI of respectively 20.0 or 27.5. Patient char-
acteristics and dietary intake are compared between patients with
normal nutritional status and patients with malnutrition. Differ-
ences were estimated using unpaired sample t-test, Wilcoxon
signed-rank test, chi-square test or Fischer exact test depending on
type of variable and distribution. To identify independent risk
factors for malnutrition multivariate logistic regression are per-
formed including age, sex and all patient characteristics with a P
value < 0.10 in the univariable analysis. Analyses were performed
using the program R statistical software, version 3.6.0.

3. Results

Of 77 patients assessed eligible, 22 declined to participate. The
mean age of 50 included patients was 80 ± 5 years, and approxi-
mately half were male (56%) (Table 1).

In total, 32% (n ¼ 16) of the patients were diagnosed with
malnutrition based on the GLIM criteria (Table 2). Differences in
patient characteristics between patients with normal nutritional
status and malnutrition were seen for muscle mass in females
(42.4 ± 6.8 vs 35.7 ± 6.7, p ¼ 0.05) and diabetes mellitus in all
patients (18% vs 63%, p < 0.01).



Table 2
Dietary intake and nutritional status.

Dietary intake Total Normal nutritional status Malnutrition P value

Energy intake (Kcal/day), mean ± SD 1728 ± 444 1782 ± 480 1614 ± 341 0.17
Energy intake (Kcal/kg/day), mean ± SD 23 ± 8 24 ± 9 21 ± 5 0.07
Carbohydrates intake (g/day), mean ± SD 185 ± 51 190 ± 37 174 ± 57 0.22
Monosaccharides (g/day), mean ± SD 86 ± 38 87 ± 42 82 ± 29 0.62
Polysaccharides (g/day), mean ± SD 99 ± 29 103 ± 30 92 ± 24 0.15
Fat intake (g/day), mean ± SD 66 ± 26 68 ± 29 62 ± 17 0.38
Saturated fat (g/day), mean ± SD 26 ± 11 26 ± 12 25 ± 9 0.58
Unsaturated fat (g/day), mean ± SD 34 ± 13 35 ± 15 31 ± 8 0.30
Protein intake (g/day), mean ± SD 73 ± 16 75 ± 17 67 ± 14 0.08
Animal protein (g/day), mean ± SD 48 ± 14 48 ± 15 46 ± 11 0.46
Plant protein (g/day), mean ± SD 25 ± 8 27 ± 9 22 ± 5 0.01
Protein intake (g/kg/day), mean ± SD 0.98 ± 0.27 1.02 ± 0.28 0.87 ± 0.21 0.04
<0.8 g/kg/day, n (%) 14 (28) 9 (26) 5 (31) 0.50
0.8e1.2 g/kg/day, n (%) 28 (56) 18 (53) 10 (63)
>1.2 g/kg/day, n (%) 8 (16) 7 (21) 1 (7)
Protein intake breakfast (g/kg), mean ± SD 13 ± 7 14 ± 7 11 ± 6 0.30
Protein intake lunch (g/kg), mean ± SD 18 ± 11 20 ± 13 13 ± 7 0.03
Protein intake diner (g/kg), mean ± SD 33 ± 12 33 ± 13 32 ± 10 0.73
Dutch dietary guideline, mean ± SD 6.4 ± 2.2 6.6 ± 2.1 5.9 ± 2.4 0.39

Nutritional status Total Normal nutritional status Malnutrition

Involuntary weight loss, n (%) 11 (25) 6 (18) 5 (31) 0.30
Low body mass index (BMI), n (%) 2 (4) 2 (6) 0 (0) 1.00
Reduced muscle mass, n (%) 35 (70) 21 (62) 14 (88) 0.10
Reduced food intake (lower appetite), n (%) 11 (22) 0 (0) 11 (69) <0.01
Presence of inflammation, n (%)a 12 (24) 3 (9) 9 (56) <0.01

SD, standard deviation; g, gram; kg, kilogram; GNRI, geriatric nutrition risk index; GLIM, Global Leadership Initiative on Malnutrition.
a C-reactive protein (CRP) > 5 mg/L.
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Energy intake of the included TAVI-patients was 23 ± 8 kcal/kg/
day (Table 2). The protein intake per kg ideal body weight was
0.98 ± 0.27 g/kg/day, which corresponded with 42 patients (84%)
that did not meet the recommended intake of 1.2 g/kg/day. Protein
intake differed between patients with normal nutritional status and
patients with malnutrition (1.02 ± 0.28 vs 0.87 ± 0.21, p ¼ 0.04). An
average protein intake above 25 g permealwasmet by8% (n¼ 4) for
breakfast, 18% (n ¼ 9) for lunch and 72% (n ¼ 36) for dinner. Differ-
ence in protein intake between the normal nutritional status group
and malnourished group was mainly seen during lunch (20 ± 13 vs
13 ± 7, p ¼ 0.03) (Fig. 1). No patients used oral nutritional supple-
ments to increase protein or other macronutrient intake.

Regarding diet quality patients adhered to 6.4 ± 2.2 out of 14
guidelines. Differences in adherence for patients with a normal
Fig. 1. Protein intake per meal, data are presented as mean ±
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nutritional status compared to those with malnutrition were seen
for the guidelines on whole grains (62% vs 19%, respectively,
p ¼ 0.01) and ratio of whole grains (62% vs 19%, p ¼ 0.01) (Fig. 2).

After age, sex and diabetes mellitus were inserted as predictors
of malnutrition in a multivariate logistic regression model, only
diabetes mellitus emerged as an independent predictor of malnu-
trition in our study population. The OR for malnutrition was 1.11
[95%CI: 0.98 e 1.31] per year for age, 1.28 [95%CI: 0.32 e 5.38] for
male sex and 12 [95%CI: 3 e 71] for diabetes mellitus.

4. Discussion

We observed that up to 32% of the TAVI patients were diag-
nosed with malnutrition based on GLIM criteria. GLIM is
SD. Black: malnutrition, grey: normal nutritional status.



Fig. 2. Adherence to Dutch dietary guidelines, per guideline. Black: malnutrition, grey: normal nutritional status.
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becoming the gold standard for the diagnosis of malnutrition and
is based on strong consensus among a worldwide network of
experts [9]. The GLIM criteria demonstrated excellent concurrent
validity in specific populations, such as geriatric [14], cancer [15],
and hemodialysis [16]. The prevalence of malnutrition in healthy
older adults is generally somewhat lower (13 e 23%), depending
on the used measurements and procedure [17]. As reduced food
intake is one of the criteria for GLIM-based malnutrition, we also
looked at differences in dietary intake between patients with
malnutrition and normal nutritional status. We observed that
protein intake and whole grain intake were lower in patients with
malnutrition.

Expert consensus recommends a protein intake of 1.2 g/kg/day
for older patients as patient planned for TAVI. Based on our ob-
servations a vast majority (84%) does not meet the suggested intake
of 1.2 g/kg/day. Therefore most patients should be advised to in-
crease their protein intake. Especially, patients that are malnour-
ished, as they had lower protein intake than patients with a normal
nutritional status, specifically during lunch. Only during dinner,
which is the primary warm meal for most Dutch older adults,
protein intake was sufficient in both groups. To subsequently in-
crease diet quality, protein intake is preferably increased with the
intake of dairy and nuts. In addition, consumption of whole grains
is of importance, as patients with malnutrition had a lower
adherence to the guideline of minimally 90 g of whole grains per
day. Especially, since whole grains often contain more protein than
refined grains. Furthermore, most patients should consume more
fruits and vegetables since these guidelines had low adherence in
both the malnourished and normal nutritional status group.

We observed diabetes mellitus as an independent predictor of
malnutrition in patients planned for TAVI. Previous research in
healthy older adults [18] and hemodialysis patients [19] already
showed that diabetes mellitus is related to a poor nutritional status.
Explanation may be an increased burden of disease in patients with
diabetes mellitus, which leads to more hospitalizations and sub-
sequent muscle loss, which is one of the phenotypic criteria for
GLIM-based malnutrition [20,21]. Furthermore, diabetes mellitus is
linked to a higher inflammation, which is one of the etiologic
criteria of GLIM-based malnutrition [22]. For TAVI patients diabetes
mellitus is a new risk predictor for malnutrition, suggesting that all
diabetic TAVI patients require nutrition counseling before the
procedure.
484
In general, TAVI patients are not routinely screened for malnu-
trition and referred to a dietician. This is in contrast to the strong
evidence in other patient groups that nutritional support, espe-
cially in combinationwith an exercise program, can positively affect
the nutritional status and clinical outcomes of patients [23]. Future
research should focus at developing nutritional and exercise pro-
grams for specifically frail patients such as the TAVI patient.

This study has several limitations. A limitation is the mono-
center design with a small sample size, which caused wide confi-
dence intervals inmultivariate analysis to identify independent risk
factors for malnutrition. With current new insight in dietary intake
future studies on this causal relation are warranted. In addition,
dietary records could be affected by recall bias or changes in intake
during the recording period. However, for the older population, the
dietary record is a suitable tool [24]. In addition, home visits to
validate the dietary record were an important strength to address
possible recall bias [25].

In conclusion, we observed that a substantial part of the TAVI
patients have malnutrition based on the GLIM criteria (up to 32%).
Differences in food intake were seen in protein intake and whole
grain intake, which were both lower in patients with malnutrition.
In addition, we observed diabetes as an independent predictor of
malnutrition. Routine screening for malnutrition and poor dietary
intake are warranted and early referral to a dietician should be
considered.
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