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A B S T R A C T

Objective: Patients with or without cancers who undergo major gastrointestinal surgery experience malnutri-
tion owing to their catabolic status during the postoperative period. In this study, we evaluated the effect of
the clinical application of protein-enhanced diet using mealworms in patients who underwent hepato-pan-
creato-biliary surgeries.
Methods: This study was designed as a prospective, two-armed, and double-blinded phase III study. The tar-
get number of enrolled patients was 216, and the patients were randomized on a 1:1 basis, either to the trial
group (consuming mealworms) or to the control group (consuming grain powder). The primary endpoint
was to examine the changes in body composition, including phase angle. For secondary outcomes, the activi-
ties of immune cells were evaluated using the patients’ blood samples.
Results: No difference in the demographic characteristics of patients was observed. The ratio of the actual
protein intake to the recommended daily intake in the trial group was significantly higher than that in the
control group (110.03% vs. 98.80%, P = 0.023). In the data on body composition measured by InBody S-10
(Biospace, Seoul, South Korea), the ratios in body cell mass, fat free mass, muscle mass, and phase angle at
the study endpoint compared with those at admission showed no statistically significant difference between
the two groups. Immune cell analyses suggested that cytotoxic T cells in the trial group had higher activity
than in the study group (1.192 vs. 0.974, P = 0.028).
Conclusions: In this study, protein-enhanced diet using mealworms clinically improved the activity of
immune cells. However, it did not significantly improve the patients’ nutritional status after they experi-
enced hepato-pancreato-biliary surgeries.
© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Sarcopenia is well-recognized as a multifactorial syndrome
characterized by ongoing losses of skeletal muscle mass and
strength [1,2] that leads to progressive functional disability in
patients with cancer. In previous studies, up to 50% of patients
with advanced cancers had sarcopenia [3,4], which was associated
with their poor survival after surgery for various diseases, includ-
ing cancers [5�9].

Nutritional intervention has been expected to guarantee an
improvement of sarcopenia by demonstrating a positive effect on
protein anabolism. Prior researches have shown that additional
dietary protein can lead to significant increase of muscle synthesis
in older adults [10,11]. Recent randomized controlled trials
showed a significant improvement in muscle mass and strength in
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Fig. 1. Flowchart of the trial.
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older adults with sarcopenia through administration of combined
oral supplementation of protein and vitamins [12�14]. Also from
systematic reviews or meta-analyses, protein or amino acid sup-
plementation seems to be beneficial for patients with sarcopenia
[15�17]. However, a wide variety of optimal doses, duration of
intervention, and characteristics of patient populations weaken
the validity of additional protein intake [18].

Patients with or without cancers undergoingmajor gastrointesti-
nal surgeries experience malnutrition because of their catabolic sta-
tus in postoperative periods [19]. Therefore, nutritional
supplementation has been regarded as a step for enhanced recovery
protocols after surgery. Nitrogen balance is associated with both
energy and protein consumption, and avoidance of catabolic losses
after surgery may benefit patient outcomes [20]. Evidence from cer-
tain previous studies supported the use of oral nutritional protein
supplements in the immediate postoperative stage [19,21�23];
however, whether this is beneficial has not been fully elucidated.

To meet the rapidly growing world population’s increasing
demands for foods, edible insects have emerged as an alternative,
sustainable source of protein [24]. Approximately 2000 edible insect
species have so far been recorded worldwide [25]. It is worth noting
that mealworms—the Larva from of the mealworm beetles (Tenebrio
molitor L.)—are most commonly used as human food because they
are widely distributed and can be sustainably cultivated in various
environments worldwide [26]. Mealworms have high protein and
lipid contents and high levels of unsaturated fatty acids; however,
their role as a nutritional supplement remains unclear.

In this context, we evaluated the effect of the clinical applica-
tion of protein-enhanced diet using mealworms on the body com-
position and immune cell in patients who underwent hepato-
pancreato-biliary surgeries.

Materials and methods

This is a single-center, prospective, randomized, and double-blinded phase III
trial. The trial was approved by the institutional review board at Gangnam Sever-
ance Hospital, Yonsei University College of Medicine, South Korea (3�2017-0077).
All participants provided written informed consent. The trial design has been
reported previously [27] and registered at www.clinicaltrial.gov (NCT03201926).

Eligibility assessment and randomization

All patients who are older than 18 y of age and scheduled for surgery with
pancreatobiliary or liver disease were assessed for eligibility. Among eligible
patients, we excluded those who had had palliative surgery or a previous history
of conditions affecting their nutritional status (e.g., short bowel syndrome, post-
gastrectomy syndrome).

A total of 216 patients were enrolled in this study and were randomly assigned
to the trial group or to the control group on a 1:1 basis (Fig. 1). The stratification fac-
tors were sex, age, body mass index at admission, and intended surgical procedures
including pancreaticoduodenectomy (PD), pancreatectomy, or liver resection.

Intervention

The surgical team was composed of three surgeons with experience of more
than 300 hepato-pancreato-biliary surgeries, respectively. All patients underwent
open or laparoscopy-assisted operations under general anesthesia.

The dietary intervention was conducted during the patients’ hospital stay and
for an additional period of 2 mo after the operation. Patients in the trial group
were provided with a mealworm-based diet; 10 g of mealworm powder was pro-
vided in every meal; therefore, a total of 30 g of mealworm powder per day was
offered. The mealworm powder comprised 3 g of carbohydrates, 14.4 g of protein,
and 11 g of fat; each 30 g of mealworm powder provided 163 kcal of energy.
Meanwhile, those in the control group were supplemented with 30 g of grain pow-
der per day comprising 23 g of carbohydrates, 2.9 g of protein, and 0.5 g of fat.
Every 30 g of grain powder provided 106 kcal of energy.

The patients who underwent PD received enteral feeding (Newcare 300 RTH,
Daesang, Korea) at postoperative day 2 after surgery via nasojejunal tube place-
ment during operation. On postoperative day 5, abdominal and pelvic computed
tomography was performed, and if there were no complications including
postoperative leakage of PD site, then the patients were permitted to start an oral
diet. Other patients who underwent pancreatectomy only or liver resection started
oral diet on postoperative day 2. The diet was gradually built up over time in both
groups, as described in the previous protocol [27]. After discharge, the patients vis-
ited outpatient clinic every 2 wk until 2 mo after the operation. Nutritional inter-
vention was provided orally after discharge from the hospital.

Outcome measurements

The patient data including sex, age, body weight, body mass index, and
patient-generated subjective global assessment were collected. During postdi-
scharge intervention, daily intake of total calories and protein was assessed by a
diary entry. Recommended daily intake of total calories and protein was estimated
by established guideline [28]. The primary endpoint was to evaluate the changes
in body composition, including phase angle, measured by Inbody S-10 (Biospace,
Seoul, South Korea). Secondary endpoints included changes in immune cell activ-
ity, confirmed by fluorescence-activated cell sorting (FACS) of the patients’ blood
samples.

Sample size calculation and statistical analysis

The target sample size was 216 patients, providing a power of 80% at the 5%
(2-sided) level of significance to detect an increase in body cell mass from 6% in
the trial group compared with the control group. In this study, the target sample
size was based on the increase in body cell mass reported in previous studies [29].

All analyses were conducted on the per-protocol population. The patients who
withdrew consent or took powder less than 50% of expected doses in both groups
were regarded as “drop-out” patients. The patients who were lost to follow-up or
had missing data at the study endpoint were considered “follow-up loss” patients.
A total of 120 patients were finally included for statistical analyses.

All statistical analyses were performed using SPSS software, version 21.0 (SPSS
Inc., Chicago, IL, USA). Categorical variables were analyzed by x2 tests or Fisher’s
exact tests, while continuous variables were analyzed by Student’s t tests. P < 0.05
was considered statistically significant.
Results

Two groups showed no significant differences in baseline char-
acteristics, including body cell mass index, body weight, patient-
generated subjective global assessment scoring, and the ratio of
surgical procedures (Table 1).

Nutritional outcomes and changes in body composition

The actual total calorie intakes in both groups were below the
recommended daily intake. However, the ratio of the actual pro-
tein intake to the recommended daily intake in the trial group was
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Table 1
Baseline characteristics and surgical procedures

Variables Control(n = 64) Trial(n = 56) P value

Sex
Men
Women

42 (65.6%)
22 (34.4%)

32 (57.1%)
24 (42.9%)

0.354

Age (y) 61.8 § 10.7 63.8 § 9.3 0.294
ASA score
<3
�3

53 (82.8%)
11 (17.2%)

45 (80.4%)
11 (19.6%)

0.455

Body mass index
At admission
At study endpoint

Mean § SD
23.7 § 2.9
23.0 § 2.8

Mean § SD
23.8 § 2.8
22.9 § 2.8

0.705
0.812

Body weight (kg)
At admission
At study endpoint

Mean § SD
63.2 § 10.9
61.6 § 10.8

Mean § SD
62.8 § 11.0
60.4 § 11.1

0.853
0.565

PG-SGA
At admission
At study endpoint

Mean § SD
5.4 § 4.0
3.2 § 2.9

Mean § SD
6.2 § 4.2
2.7 § 2.2

0.314
0.277

Surgical procedures
Pancreaticoduodenectomy
Pancreatectomy(total/distal)
Liver resection

24 (37.5%)
14 (21.9%)
26 (40.6%)

27 (48.2%)
13 (23.2%)
16 (28.6%)

0.355

ASA, American Society of Anaesthesiologists; PG-SGA, patient-generated subjective
global assessment; SD, standard deviation

Table 3
Comparison in activities of immune cells between the two groups

Variables (at study endpoint/at POD 1)* Control(n = 56) Trial(n = 45) P value

T cells 1.091 § 0.177 1.148 § 0.391 0.333
Cytotoxic T cells 0.974 § 0.322 1.192 § 0.639 0.028
Regulatory T cells 1.121 § 1.068 0.991 § 0.352 0.436
Th1 cells 1.916 § 1.738 1.773 § 1.442 0.651
Th2 cell 0.975 § 0.202 1.166 § 0.990 0.165
B cells 0.896 § 0.588 0.733 § 0.331 0.099
Natural killer cells 1.583 § 0.665 1.903 § 0.962 0.052

POD, postoperative day
*The ratio of the values at the study endpoint to those at POD 1
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significantly higher than that in the control group (110.03% vs.
98.80%, P = 0.023).

The body composition analysis revealed no significant differ-
ence in body cell mass, fat free mass, skeletal muscle mass, and
phase angle between two points of time, namely at the study end-
point and at the admission (Table 2).
Activities of immune cells

Observing immune cells at the study endpoints and at postop-
erative day 1, we found that the activity of cytotoxic T cells
increased in the trial group (control vs. trial = 0.974 vs. 1.192,
P = 0.028). The activity of natural killer cells also demonstrated an
increase in the trial group, but it was not statistically or signifi-
cantly different from the control group (control vs. trial = 1.583 vs.
1.903; P = 0.052). Regarding other immune cells, namely T cells, B
cells, and helper T cells, no significant differences were seen
between the two groups (Table 3).

In FACS analysis, both CD 56+ natural killer cells and CD8+ T
cells demonstrated enhancement in cell activities at the study end-
point in the trial group (Fig. 2). In the control group, no increase in
their activities was observed by the end of intervention.
Table 2
Comparison in nutritional outcomes between the two groups

Variables Control(n = 64) Trial(n = 56) P value

Total calorie intake/recommended
daily intake
at study endpoint (%)

(n = 40)
90.68 § 15.80

(n = 39)
91.65 § 17.84 0.784

Total protein intake/recommended
daily intake
at study endpoint (%)

(n = 40)
98.80 § 20.65

(n = 39)
110.03 § 25.60 0.023

Changes in body composition
(at study endpoint/at admission)*
Body cell mass 0.975 § 0.059 0.969 § 0.049 0.506
Fat free mass 0.983 § 0.057 0.975 § 0.048 0.423
Skeletal muscle mass 0.983 § 0.057 0.975 § 0.048 0.416
Phase angle 0.914 § 0.103 0.924 § 0.101 0.585

*The ratio of the values at the study endpoint to those at the admission
Discussion

This study aimed to evaluate whether mealworm protein used
as a dietary supplement for patients who underwent hepato-pan-
creato-biliary surgeries could help improve their nutritional status
and immune functions. Our study findings showed no significant
improvement in their nutritional status; nevertheless, the activities
of immune cells increased in the trial group compared with those
in the control group.

Most patients with major gastrointestinal surgeries experience
malnutrition in postoperative periods [19]; hence, nutritional sup-
port is regarded as one of the routine postoperative procedures. It is
noted that clinicians mainly focus on losses of skeletal muscle mass
because ongoing sarcopenia leads to progressive functional muscle
impairment and delays the recovery [3]. For this reason, certain pre-
vious studies suggested the optimal protein supplementation regi-
men for patients after major gastrointestinal surgeries. According to
a systematic review of seven clinical trials on humans, the oral post-
operative protein supplementation had no effect on mortality, but
reduced weight loss and improved nutritional status [19].

Nevertheless, no recommendation on the optimal amount of
dietary protein supplementation is currently available. A previous
study demonstrated that muscle protein synthesis increased when
patients took a medical food containing 40 g of casein protein and
some other substances. However, no increase in muscle protein
synthesis was recorded among patients consuming 24 g of casein
protein alone [30]. In this study, we provided an additional 14.4 g
of protein per day using mealworms. However, we did not observe
any clinically significant improvement in the patients’ nutritional
status based on their body composition. In this current study, the
lack of direct improvement in the body composition, including
skeletal muscle mass, may result from insufficient additional pro-
tein supply. Another possible explanation for these findings is that,
as we could not control the patients’ diet after discharge from the
hospital, patients in the control group might have consumed a pro-
tein-enhanced diet by themselves after receiving an intensive edu-
cation from dietitians during their hospital stays.

This study has several limitations that need to be addressed. The
most important point to be considered is the high drop-out rates of
>25% in both groups. According to the recent systematic review by
Hubbard et al. [31], overall compliance to oral nutritional supple-
ments is more than 70% even if the trials were performed in a wide
variety of patient groups in hospital and community settings. One of
the reasons for having a high compliance rate is that the oral nutri-
tional supplements used in most trials were ready made and easy to
use. In this study, we used a powder for nutritional intervention in
both groups and instructed patients to mix the powder with liquids
such as water or milk. Therefore, the additional step of mixing the
powder with liquids may have caused discomfort to ill patients with
an average age of 60 y or older.



Fig. 2. Comparison of cell activities (A) CD 56+ natural killer cells, (B) CD8+ T cells) by using FACS analysis. FACS, fluorescence-activated cell sorting.
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Moreover, especially in patients with gastrointestinal cancer,
previous studies demonstrated the poor adherence of oral nutri-
tional supplements [32,33]. Qin et al. [32] reported the median
adherence of 50.0%, and 51.35% of participants consumed no more
than 50% of the recommended amount. The participants with poor
adherence to oral nutritional supplements mentioned that they
were confused about their daily target intake, or the taste did not
meet their personal preference. In this study, we instructed the
patients to take 10 g of powder in every meal with 100 to 150 cc
liquids, and this may have caused poor compliance owing to the
bulk of fluid and the patients’ low appetite.

Another shortcoming of this study is that the composition of
powder is not isocaloric between the two groups. For adjusting total
volume of powder, the caloric difference between the two groups
were developed (trial group vs. control group = 163 kcal vs. 106 kcal
per 30 g). However, as described in published protocol, the differ-
ence of total calories provided in the two groups was less than 150
kcal, which cannot be regarded to affect clinical outcomes.

Patients with PD have been known to have a higher risk of mal-
nutrition than those with other gastrointestinal surgeries. To avoid
bias from surgical procedures, we performed subgroup analyses
with the patients divided into three groups (PD, pancreatectomy,
liver resection). However, in the subgroup analyses, no significant
differences in body composition were seen between the trial and
control groups (data described in the supplementary file).

The strength of the current study is that the trial group showed
an enhancement in activities of cytotoxic T cells, which represent
the acquired immune system. According to a recent review, the
immune status of individuals affected by malnutrition and infec-
tious diseases improves after using specific amino acids as dietary
supplements; hence, their morbidity and mortality significantly
declined [34]. In contrast, short-term protein supplementation
could hardly promote immune functions. Strasser et al. [35] con-
ducted a randomized controlled trial to investigate the effect of the
protein-enhanced diet on immune activation and muscle function
in older patients during hip fracture recovery. They showed that a
higher protein intake had no impacts on immune biomarkers and
tryptophan metabolism. In our present study, we only suggested
increased activities of cytotoxic T cells, while other immune cell
activities experienced no improvement in both groups. To clarify
the roles of dietary protein in immune responses, integrative inter-
pretation should be considered, including patients’ protein metab-
olism and altered immune system.

In conclusion, protein-enhanced diet using mealworms clini-
cally improved the activity of immune cells. However, it did not
significantly improve the patients’ nutritional status undergoing
hepato-pancreato-biliary surgeries.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.nut.2021.111538.
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