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KEYWORDS Abstract Background and aim: Among elderly patients undergoing cardiac surgery, malnutri-
Cardiac surgery; tion is very common and related to muscle wasting known as sarcopenia. Cardiac surgery causes
Dietary intake; a further decline of nutritional status due to reduced dietary intake (DI); however, the impact of
Functional capacity; postoperative DI on functional recovery is unclear.

Nutritional status: Methods and results: We enrolled 250 consecutive patients undergoing cardiac surgery. Daily DI
Sarcopenia was measured between postoperative days 3 and 7. Patients were categorized as having suffi-

cient or insufficient DI based on whether their DI met or was less than estimated total energy
requirements. Functional capacity was measured using the 6-minute walking distance
(6MWD) preoperatively and at discharge. Mean postoperative DI was 22.4 + 3.0 kcal/kg/day,
and postoperative DI was insufficient in 92 patients (36.8%). The prevalence of sarcopenia was
not different by postoperative DI. Although there was no significant difference in preoperative
6MWD results (P = 0.65), the sufficient DI group had longer 6MWD at discharge than the insuf-
ficient DI group (P = 0.04). In multivariate regression analysis, preoperative poor nutritional sta-
tus (B = —0.29), duration of surgery (B = —0.18), and postoperative DI (B = 0.40) remained
statistically significant predictors for improvement of 6MWD (P < 0.0001, adjusted R? = 0.41).
Conclusions: Postoperative DI was independently associated with functional recovery, but preop-
erative sarcopenia was not. Regardless of preoperative nutritional status or the presence of sar-
copenia, aggressive nutritional intervention in the early stage after surgery helps support
functional recovery.

© 2018 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico Il University. Published by Elsevier B.V. All rights reserved.

* Corresponding author. Kobe University Graduate School of Health Sciences, 7-10-2, Tomogaoka, Suma-ku, Kobe, Hyogo, 654-0142, Japan.
E-mail address: izawapk@harbor.kobe-u.ac.jp (K.P. Izawa).

https://doi.org/10.1016/j.numecd.2018.10.004
0939-4753/© 2018 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition, and the Department of Clinical
Medicine and Surgery, Federico II University. Published by Elsevier B.V. All rights reserved.


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:izawapk@harbor.kobe-u.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.numecd.2018.10.004&domain=pdf
https://doi.org/10.1016/j.numecd.2018.10.004
https://doi.org/10.1016/j.numecd.2018.10.004
https://doi.org/10.1016/j.numecd.2018.10.004
www.sciencedirect.com/science/journal/09394753
http://www.elsevier.com/locate/nmcd

Impact of dietary intake in cardiac surgery

91

Introduction

As a result of increasing life expectancy and the higher
incidence of cardiovascular diseases associated with aging,
the demand for cardiac surgery in the elderly is growing
[1]. Malnutrition is commonly seen in the elderly with
heart failure and is associated with greater mortality; thus,
it is a problem that requires a solution [2—4].

Poor nutritional status can also be related to the cata-
bolic state and muscle wasting known as “sarcopenia” and
is reported to be a predictor of long-term survival after
cardiothoracic surgery [5,6]. We previously reported that
poor preoperative nutritional status is associated with
muscle wasting and is a predictor of the retardation of
functional recovery after cardiac surgery [7].

Cardiac surgery can cause a further decline in nutri-
tional status due to postoperative catabolic reaction and a
decrease in dietary intake (DI) [8]. Previous studies re-
ported that approximately 0.90 g/dL of serum albumin was
lost in the perioperative period [9,10]. Although it remains
unclear whether this significant decline in albumin is due
to poor nutritional status or the catabolic reactions from
surgery, postoperative DI is thought to be reduced due to
loss of appetite or lack of taste. A previous study found that
58% of patients after cardiac surgery reported loss of
appetite in the hospital and complained about dysgeusia
possibly induced by anesthesia or mechanical ventilation
[11]. Nevertheless, only a few clinical studies have focused
on DI after cardiac surgery. Ingadottir et al. [12] showed
that postoperative DI met only 74.4% of their patients’
estimated energy requirements at day 5 after cardiotho-
racic surgery. Furthermore, decreased DI after surgery has
been reported to lead to chronic malnutrition and
increased mortality [13].

To our knowledge, no clinical studies have investigated
the impact of DI on functional recovery as a predictor of
adverse cardiac events after cardiac surgery. Functional
recovery is a matter of extreme importance because
functional capacity at discharge after cardiac surgery is
reported to predict adverse cardiac events over the next
one year [14].

We therefore hypothesized that both preoperative
muscle wasting of sarcopenia and postoperative DI would
be predictors of functional recovery after cardiac surgery.
Thus, the purpose of the present study was to investigate
the effect of preoperative sarcopenia or postoperative DI
on functional recovery in cardiac surgery patients.

Methods
Study population

Between July 2015 to January 2017, we screened 278
consecutive patients admitted to Kobe University Hospital.
We enrolled a cohort of inpatients in whom cardiopul-
monary bypass was used in procedures such as valve
replacement or repair or coronary artery bypass grafting
(CABG) with concomitant valve replacement or repair.
Exclusion criteria included patients whose functional

capacity was not measured due to neurological or ortho-
pedic disease; those with severe dementia, and those in
whom postoperative DI could not be assessed or oral
intake could not be initiated within 3 days after surgery
due to postoperative complications prohibiting dietary
intake such as prolonged ventilation, stroke, or septic
shock. All patients began postoperative rehabilitation
starting the day after the surgery in accordance with the
Japanese Circulation Society guidelines for rehabilitation in
patients with cardiovascular disease [15]. We examined
the initiation of postoperative mobilization exercises
consisting of getting out of bed (sitting on the edge of the
bed), standing at bedside, walking around the bed, and
100-m walk as early postoperative rehabilitation. After
that, we prescribed a physical training program that
included a personalized aerobic exercise program and
resistance exercises. Aerobic exercise involved a half hour
monitored cycle ergometer or treadmill walking training
at the intensity of 11-13 on Borg scale. Muscle and
endurance exercises consisted of sit-to-stand and heel
lifting exercises with increasing number of repetitions.
Physical training was initiated in a hospital setting and
supervised by a physiotherapist. The present study com-
plied with the principles of the Declaration of Helsinki
regarding investigations in human subjects and was
approved by the Kobe University Institutional Review
Board. Written informed consent was obtained from each
patient before their cardiac surgery.

Clinical characteristics of the patients

Baseline characteristics evaluated included age, sex, body
mass index (BMI), left ventricular ejection fraction, esti-
mated glomerular filtration rate, the level of brain natri-
uretic peptide, hemoglobin, serum albumin, and C-
reactive protein (CRP), comorbidities, medications, and
operative risk scores such as the European System for
Cardiac Operative Risk Evaluation (EuroSCORE) II [16].
Laboratory data were evaluated within 1 week before
cardiac surgery and just before discharge. Operative
clinical variables recorded included the type of cardiac
surgery and the duration of surgery, cardiopulmonary
bypass time, and aortic cross-clamp time in minutes.
Postoperative clinical variables recorded included hospi-
tal mortality, length of the intensive care unit (ICU) stay,
length of hospital stay, and postoperative complications
associated with surgery.

Assessment of baseline nutritional status and
postoperative dietary intake

Nutritional status at baseline was assessed using the Mini
Nutritional Assessment Short-Form (MNA-SF). The reli-
ability and validity of the MNA-SF have already been
proven for the detection of malnutrition [17]. Post-
operative daily DI was measured from postoperative day
3 to day7. Assessment of DI was conducted using the vi-
sual estimation method as described elsewhere [18] by a
trained nurse worked independently of this study. DI was
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assessed on a scale of 0—10 for each component of the
meal (e.g., soup, vegetables, rice). All meals were con-
verted to energy and protein intake based on the food
composition of each meal. Some patients were managed
using peripheral parenteral nutrition for fluid manage-
ment and electrolyte balance after surgery, and their
energy intake was calculated from their medical records.
We assessed daily DI of both energy and proteins. Indi-
vidual basal energy expenditure (BEE) was calculated
using the Harris-Benedict formula [19]. In the calculation,
we used the ideal body weight for patients with a
BMI > 25.0 kg/m? because the BEE of these patients was
overestimated by the weight-based Harris-Benedict for-
mula [20].

Assessment of sarcopenia and functional capacity

Sarcopenia was defined as low muscle mass plus low
muscle strength and/or low physical performance ac-
cording to the definition of the Asian Working Group for
Sarcopenia [21]. Muscle mass was estimated by dividing
the cross-sectional areas of the left and right psoas
muscles at the level of the transverse process of L3 from
plain CT imaging by the height squared. A CT scan was
routinely performed for all patients on admission during
the inpatient period and at least within one week before
surgery. Low muscle mass was defined as a value of less
than 6.36 cm?/m? for men and 4.40 cm?/m? for women
according to a previous study [22]. The low muscle
strength and low physical performance were defined as
handgrip strength of <26 kg for men and <18 kg for
women and a usual gait speed of <0.8 m/s, respectively.
We used the 6-minute walking distance test (6MWD), a
submaximal exercise test, to assess functional capacity.
The 6MWD was performed according to the American
Thoracic Society guidelines [23] in a 30-m-long straight
corridor under the guidance of a physiotherapist. For this
test, participants were instructed to walk at a self-
selected pace with the aim of covering as much distance
as possible in 6 min. We assessed 6MWD before surgery
and just before discharge after surgery. Absolute func-
tional gain (discharge 6MWD score — preoperative
6MWD score) was calculated to evaluate the change in
perioperative functional capacity.

Statistical analysis

We conducted statistical analyses after confirming that
the data were normally distributed using the
Shapiro—Wilk test. Patients were stratified into two
groups according to postoperative DI. Patients whose DI
met energy requirements (DI/BEE > 1) were categorized
into the sufficient DI group, and those whose DI did not
meet the energy requirements (DI/BEE * 1) were catego-
rized into the insufficient DI group. We compared clinical
characteristics between the two groups using an inde-
pendent t-test or chi-square test. Two-way repeated
measures analysis of variance was used to compare the
effects of DI (sufficient DI group vs. insufficient DI group)

on functional recovery between before and after surgery.
The within-subject factor was time (time effect), and the
between-subject factor was group (group effect). A mul-
tiple regression analysis was used to examine the asso-
ciation between the change of functional recovery and
each clinical characteristic. In this analysis, the change of
functional capacity was used as the dependent variable,
whereas the independent variables included post-
operative DI and other clinical characteristics. Con-
founding factors were selected as those that were
significantly different between the two groups at P < 0.10
in bivariate analyses. A P value of <0.05 was considered to
show statistical significance. Statistical analyses were
carried out with JMP11.0] software (SAS Institute Japan,
Tokyo, Japan).

Results

Of the 278 patients, 28 were excluded from the study
based on the exclusion criteria. Among these 28 excluded
patients, DI could not be assessed completely due to
postoperative complications in 19, 2 had neurological
disease, 3 had orthopedic issues, 3 had severe dementia,
and 1 died in the hospital. Thus, 250 patients with a mean
age of 67.5 & 13.1 years were the subjects of the present
study. We divided these patients into the sufficient DI
group (DI/BEE > 1; n = 158, 63.2%) and insufficient DI
group (DI/BEE * 1; n = 92, 36.8%). Baseline characteristics
stratified by postoperative DI are shown in Table 1. Patients
in the insufficient DI group were significantly younger
than those in the sufficient DI group (P = 0.0085). How-
ever, preoperative MNA-SF score, prevalence of sarcopenia,
and other preoperative clinical laboratory data or comor-
bidities were not significantly different between the two
groups. Among the perioperative factors, duration of sur-
gery, CPB and aortic cross-clamp time were significantly
longer in the insufficient DI group than in the sufficient DI
group (P < 0.05 for each).

The mean DI and protein intake of all patients were
22.4 4 9.3 kcal/kg and 0.9 4+ 0.4 g/kg, respectively (Table 2).
Both were significantly lower in the insufficient DI group
versus the sufficient DI group (DI: 148 + 52 wvs.
26.8 + 8.2 kcal/kg/day; protein intake: 0.6 + 0.2 vs.
1.0 + 0.2 g/kg/day; P < 0.0001 for each). The timing of
initiating DI after surgery was not statistically different
between the two groups. (P = 0.31).

Table 3 shows a comparison of the 6MWD and nutri-
tional status before and after surgery. There was no sig-
nificant difference in the preoperative 6MWD between the
two groups (P = 0.65), whereas the sufficient DI group
achieved a significantly longer 6MWD than the insufficient
DI group at discharge (P = 0.04). The 6MWD showed a
significant interaction (F = 15.8: P < 0.0001) and main
effects of time between the two groups (P < 0.05). There
was no significant interaction on CRP level and serum
hemoglobin level; however, there were significant main
effects of time (P < 0.05 for each). The CRP levels signifi-
cantly increased after surgery, although serum hemoglo-
bin significantly decreased in both groups. With regard to
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Table 1 Baseline characteristics of the patients according to postoperative DI/BEE groups.
Characteristic Total Sufficient DI Insufficient DI t or %2 value P value
Number, n (%) 250 158 (63.2) 92 (36.8)
Age, years 67.5 + 13.1 69.4 +11.7 64.3 + 14.8 2.66 0.009
Female, n (%) 112 (44.8) 63 (39.9) 49 (53.3) 3.36** 0.067
Body mass index, kg/m? 232 +39 232 +38 233 +43 —0.04 0.96
Comorbidities, n (%)
Atrial fibrillation 56 (22.4) 35 (22.1) 21 (22.8) 0.02 0.886
Hypertension 114 (45.6) 72 (45.6) 42 (45.7) 0.00** 0.951
Dyslipidemia 61 (24.4) 35(22.2) 26 (28.3) 0.99** 0.319
Diabetes mellitus 56 (22.4) 35 (22.2) 21 (22.8) 0.02** 0.886
Euroscore II 6.3 + 2.8 6.5+ 25 56 +24 1.80 0.075
Ejection fraction, % 61.6 +11.3 61.6 + 12.0 61.5 + 10.0 0.07 0.947
Laboratory data
BNP, pg/mL 2219 + 327.7 220.5 +318.0 2244 + 3453 1.21 0.229
eGFR, mL/min/1.73 m? 58.7 + 204 58.9 + 18.8 584 + 23.1 0.18 0.859
Hemoglobin, g/dL 12.8 +1.83 12.8 +1.83 12.8 + 1.84 0.07 0.947
Albumin, g/dL 3.98 + 048 3.96 + 045 4.02 + 0.53 —0.86 0.388
CRP, mg/dL 0.35 + 0.90 0.39 + 0.98 0.28 + 0.77 0.82 0413
Medication, n (%)
B-blocker 117 (46.8) 79 (50.0) 38 (41.3) 1.25** 0.263
ACE-I/ARB 136 (54.4) 89 (56.3) 47 (51.0) 1.78** 0.182
CCB 67 (26.8) 44 (27.8) 23 (25.0) 0.10** 0.752
Diuretics 75 (25.0) 46 (29.1) 29 (31.5) 0.11** 0.735
Types of surgery, n (%)
Aortic valve 74 (29.6) 48 (30.4) 26 (28.3) 0.37** 0.95
Mitral valve 97 (38.8) 61 (38.6) 36 (39.1) - —
Mitral & Aortic valve 29 (11.6) 17 (10.8) 12 (13.0) — —
Valve + CABG 50 (20.0) 32(20.3) 18 (19.6) — —
Duration of surgery, min 354.3 + 1383 323.6 + 89.6 382.0 +£ 138.0 —3.60 0.0004
Duration of CPB, min 173.6 + 62.0 167.0 + 59.4 184.9 + 65.0 -1.95 0.026
Aortic cross-clamp time, min 110.0 = 52.7 104.7 £ 469 118.8 + 60.3 -1.76 0.039
Sarcopenia, n (%) 68 (27.2) 36 (22.8) 32 (34.8) 1.51** 0.093
MNA-SF, n (%)
Well nourished 154 (61.6) 101 (63.9) 53 (57.6) 1.61** 0.448
At risk 76 (30.4) 43 (27.2) 33 (35.9) — —
Malnutrition 20 (8.0) 14 (8.9) 6 (6.5) - -

DI, dietary intake; BEE, basal energy expenditure; BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; CRP, C-reactive
protein; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CCB, calcium channel blocker; CABG, coronary

artery bypasses grafting; CPB, cardiopulmonary bypass; MNA-SF, Mini Nutritional Assessment-Short Form.
Data are expressed as mean =+ standard deviation or number (percentage).

**+2 value.

BMI and serum albumin, both were significantly decreased
after surgery (p < 0.05 for each). In addition, postoperative
serum albumin levels in the sufficient DI group were
significantly higher than those in the insufficient DI group
(P = 0.039). There were also significant terms by group
interactions for BMI and serum albumin, respectively
(P < 0.05 for each).

The results of multiple regression analyses for predict-
ing improvement of 6MWD are shown in Table 4. After
adjusting for all confounding factors, preoperative
malnutrition as defined by the MNA-SF score (B = —0.29),
duration of surgery (B = -0.18), and postoperative DI
(B = 0.40) remained statistically significant predictors for
improvement of BMWD (P < 0.0001, adjusted R* = 0.41).

Table 2 Clinical course of the patients according to postoperative DI/BEE groups.

Total Sufficient DI Insufficient DI t value P value
Number, n (%) 250 158 (63.2) 92 (36.8)
Length of ICU stay, days 24 +3.0 28+ 1.0 22+13 -2.70 0.007
Length of hospital stay, days 215 +15.7 18.1 £ 9.9 274 + 213 4.89 <0.001
Timing of initiating DI, days 1.4 + 0.5 1.4 £ 0.5 1.4 + 0.7 1.15 0.310
BEE, kcal/day 1241.3 £+ 221.0 1223.0 & 198.3 1272.6 & 253.6 -1.53 0.128
DI, kcal/day 1275.0 & 405.1 1514.7 + 212.0 864.6 + 318.0 27.00 <0.0001
DI, kcal/kg/day 224 +£93 26.8 + 8.2 14.8 £ 5.2 11.30 <0.0001
Protein intake, g/kg/day 09+ 04 1.0 £ 0.2 0.6 +£ 0.2 5.80 <0.0001

DI, dietary intake; BEE, basal energy expenditure; ICU, intensive care unit.

Data are expressed as mean + standard deviation.
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Table 3 Comparisons of changes in 6MWD and nutritional status.
Variables Sufficient DI Insufficient DI P value?® Interaction
F value P value®
6MWD (m)
Pre 414.97 + 111.23 422.79 + 108.48 0.65 15.82 <0.0001
Post 369.72 + 113.85* 335.13 + 96.52* 0.04 — —
BMI (kg/m?)
Pre 2322 +3.77 23.25 +4.22 0.97 6.21 0.01
Post 22.29 + 3.14* 21.76 + 4.01* 0.31 — —
CRP (mg/dL)
Pre 0.39 + 0.98 0.28 + 0.77 0.41 0.04 0.84
Post 2.49 + 3.08* 2.51 + 2.42* 0.97 - —
Hemoglobin (g/dL)
Pre 12.77 + 1.83 12.75 + 1.84 0.95 1.39 0.24
Post 10.34 + 1.11* 10.00 + 0.99* 0.03 — —
Albumin (g/dL)
Pre 3.96 + 0.45 4.02 + 0.53 0.39 5.56 0.02
Post 3.12 + 0.35* 3.01 + 0.38* 0.04 - —

6MWD, six-minute walking distance; DI, dietary intake; BMI, body mass index; CRP, C-reactive protein.
*P < 0.05 Significance level for the hypothesis of time effect (pre vs. post in the same group).
? Significance level for the hypothesis of no group effect (sufficient DI vs. insufficient DI).

b Significance level for the hypothesis of no time x group effect.

Table 4 Multivariate regression analysis for predicting improve-
ment of 6MWD.

Improvement of 6MWD
(R?> = 041, P < 0.0001)
B p value
Age —0.02 0.97
Sex, (ref. Female) 0.03 0.68
BMI 0.16 0.06
Sarcopenia —0.08 0.63
DI 0.40 <0.001
MNA-SF, (ref. Well nourished)
At risk —-0.11 0.18
Malnutrition -0.29 0.031
Duration of surgery —0.18 0.04

6MWD, six-minute walking distance; BMI: body mass index; DI:
dietary intake; MNA-SF: Mini Nutritional Assessment-Short Form.

Discussion

To the best of our knowledge, this is the first study to show
a relationship between DI and functional recovery in pa-
tients after cardiac surgery. We showed that postoperative
DI was independently associated with functional recovery
after adjustment for confounding variables. However,
there was no significant relationship between preoperative
sarcopenia and improvement in the 6MWD.

In this study, the mean DI for the 5 days from post-
operative day 3—7 after surgery was 1241.3 + 221.0 kcal/
day, with 36.8% of the patients not meeting their energy
requirements. Among the studies on DI after cardiac sur-
gery, Vilhjalmsdottir et al. [24] reported that 80% of pa-
tients were not able to meet the required energy level on
the fifth day after surgery. Ingadottir et al. [12] found that
DI for the first 3—5 days after cardiac surgery was
1452 + 389 kcal/day, which was higher than that of our
study. This could be explained by the difference in race or

body size (average BMI was 23.0 kg/m? in the present
study versus 27.0 kg/m? in the previous study).

Another study found female sex and low BMI to be risk
factors for reduced DI [25]. Consistent with these findings,
the DI in the women in the present study tended to
decrease in comparison to that of the men, although the
difference was not statistically significant. In contrast,
preoperative BMI did not appear to have an effect on
postoperative DI. Generally, DI and protein intake correlate
with whole body muscle mass, and DI plays a particularly
important role in protein metabolism and muscle wasting
[26]. Although loss of appetite called anorexia is accepted
as the main driver for lower dietary intakes, anorexia is a
multifactorial process and its etiology was not fully un-
derstood. However, cardiac surgery can induce severe
nausea or failure of salivary secretion and taste abnor-
malities due to intubation, anesthesia and inflammation.
Furthermore, loss of appetite can also be related to
gastrointestinal dysfunction and postoperative pain.
Management of these related symptoms should be
included to achieve an optimal nutritional intake and early
detection of decreasing dietary intake and treatment is
desirable. In any cases, the dietary intake is a modified
factor; adequate intervention and tailor-made treatment
improves dietary intake and enhance functional recovery.
However, our results showed that preoperative nutritional
status and sarcopenia were unrelated to postoperative DI.
It is conceivable that after highly invasive surgery, surgical
stress and inflammation more strongly affect DI than
preoperative chronic malnutrition or muscle wasting. Our
results may pave the way for further studies that elucidate
the factor(s) having the most impact on postoperative DI.

To our knowledge, there are no reports on the effect of
postoperative DI on functional capacity. Although DI and
protein intake before surgery are reported to predict
postoperative complications, there are no reports
mentioning postoperative DI. In our results, postoperative
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DI was independently associated with functional recovery.
The catabolism of protein is a key mechanism to explain
the perioperative change of functional capacity. Insuffi-
cient DI can result in prolongation of the catabolic reaction
and a further decline in nutritional status. In addition, it is
known that prolonged hypercatabolism leads to the
degradation of skeletal muscle, which imposes short- and
long-term burdens for functional recovery [27]. The
Guidelines on Clinical Nutrition from the European Society
for Clinical Nutrition and Metabolism (ESPEN) recommend
that during the anabolic recovery phase, the target energy
supply should be 25—30 kcal/kg/day [28]. In our results,
the mean DI in the insufficient DI group was just 14.8 kcal/
kg/day, which is far off the recommended value.

Other than DI, possible factors that induced catabolic
reactions were operative stress and preoperative malnu-
trition, which were found to be predictive factors for
improvement of the 6MWD in our multivariate analysis
(Table 4). It was reported that reducing operative stress in
elective surgery could minimize catabolism, support
anabolism throughout the surgical treatment, and facili-
tate early recovery [29]. It is our belief that the effects of
anesthesia and CPB lead to increase systemic inflammatory
response, accelerate catabolic state, and result in upregu-
lated muscle proteolysis and decreasing functional recov-
ery. In addition, it was reported that preoperative
malnutrition was associated with postoperative mortality
and major morbidity due to increased catabolism and
metabolic requirements [30]. However, in the present
study, the presence of preoperative sarcopenia did not
predict functional recovery. This suggests that pre- and
postoperative nutrition regulate functional recovery dur-
ing the perioperative period rather than existing muscle
wasting or a decline in physiological reserve. The previous
study showed that nutritional intervention in malnour-
ished hospitalized patients with heart failure reduces the
risk of death from any cause and the risk of readmission
for worsening of heart failure [31]. Especially, the admin-
istration of oral immune-enhancing nutritional supple-
ment for 5 days preoperatively improved preoperative
immune function, decreased interleukin 6 levels, and
reduced the incidence of postoperative infections [32].
Another study showed that oral amino acid supplemen-
tation, in conjunction with standard pharmacologic ther-
apy, appears to increase exercise capacity by improving
circulatory function, muscle oxygen consumption, and
aerobic production of energy in elderly outpatients with
heart failure [33]. Furthermore, a high proportion of
leucine is required for optimal stimulation of the rate of
muscle protein synthesis by essential amino acids in the
elderly [34]. Thus, we highly recommend a preoperative
immune-enhancing nutritional supplement or amino acid
supplementation for its great potential to improve the
postoperative prognosis and functional recovery.

There are several limitations in this study. First, we did
not assess reasons for loss of appetite or declining DI, such
as nausea, taste, food preference, pain control, and dys-
geusia. Second, we could not consider the intake of indi-
vidual snacks because we could not keep track of them

completely. Except in special cases, the dietary needs of
every patient were managed solely with food provided by
the hospital; nevertheless, it is possible that DI may not be
entirely accurate. Third, we did not assess postoperative
muscle wasting and the prevalence of sarcopenia. Finally,
the follow-up period in this study was only the duration of
the hospital stay. Thus, there remain unanswered ques-
tions related to the long-term effects of postoperative DI

Conclusion

This study investigated the effects of preoperative sarco-
penia and postoperative DI on postoperative functional
recovery after cardiac surgery. More than 30% of the sub-
jects did not meet total energy requirements for DI after
cardiac surgery. After adjustment for other confounding
factors, both preoperative nutritional status and post-
operative DI were independently associated with func-
tional recovery, but preoperative sarcopenia was not.
Regardless of age, sex, and the presence or absence of
sarcopenia, aggressive nutritional intervention before
surgery and/or during the early stage after surgery will
help to improve functional recovery. There is a need for
further studies to investigate the clinical effects of post-
operative DI on long-term outcomes and prognosis in the
future.
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