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Background & aims:: Nutrition therapy for Intensive Care Unit (ICU) patients involves complex decision-
making, especially during the COVID-19 pandemic. We investigated the use of nutrition therapy in ICU
patients with and without COVID-19 infections.
Methods: Nutrition therapy was evaluated during a world-wide one-day prevalence study focused on
implementation of the ABCDEF bundle (A: regular pain assessment, B: both spontaneous awakening and
breathing trials, C: regular sedation assessment, D: regular delirium assessment, E: early mobility and
exercise, and F: family engagement and empowerment) during the COVID-19 pandemic. Basic ICU and
patient demographics including nutrition therapy delivery were collected on the survey day. Physical
activity for patients with and without COVID infections was categorized using the ICU mobility scale
(IMS). Multivariable regression analysis of nutrition was conducted using ICU parameters.
Results: The survey included 627 non-COVID and 602 COVID patients. A higher proportion of COVID-19
patients received energy �20 kcal/kg/day (55% vs. 45%; p ¼ 0.0007) and protein �1.2 g/kg/day (45% vs.
35%; p ¼ 0.0011) compared to non-COVID patients. Enteral nutrition was provided to most COVID pa-
tients even with prone positioning (91%). Despite nutrition therapy, IMS was extremely low in both
groups; median IMS was 1 in non-COVID patients and 0 in COVID patients. The rate of energy delivery
�20 kcal/kg/day was significantly higher in patients with COVID-19 infections in the subgroup of ICU
days �5 days and IMS �2. Having a dedicated ICU nutritionist/dietitian was significantly associated with
appropriate energy delivery in patients both with and without COVID-19 infections, but not with protein
delivery.
Conclusion: During the COVID-19 pandemic, patients with COVID-19 infections received higher energy
and protein delivery. Generally lowmobility levels highlight the need to optimize early mobilization with
nutrition therapy in all ICU patients.
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1. Introduction

Nutrition therapy is an important component of critical care for
the maintenance of patients’ life, immune system and body
composition [1,2]. To avoid overfeeding, target energy delivery is
currently recommended at about 70% of calculated energy expen-
ditures or 20 kcal/kg/day in the early acute phase (Day 1e2), while
adequate energy at about 30 kcal/kg/day or more, should be pro-
vided for recovery after the acute phase [1,2]. The importance of
protein dose has also been evaluated. More than 1.2 g/kg/day [1] or
1.3 g/kg/day protein [2] should be provided according to available
guidelines. Focusing on protein delivery as part of nutrition therapy,
it is needed more in the recovery phase to prevent post-intensive
care syndrome (PICS) and intensive care unit (ICU) acquired
weakness (ICU-AW) [3e5]. However, previous observational
studies including worldwide surveys [6,7] showed that nutrition
targets, especially for protein, were often never achieved andwith a
number of barriers limiting adequate nutrition therapy [8,9]. Some
approaches related to ICU administrative structures, such as dieti-
tian participation [10] or nutrition protocols [11], may contribute to
achieving nutrition targets.

The recent COVID-19 pandemic has contributed to more
complexity surrounding ICU nutrition practices. PICS and ICU-AW
after ARDS has been reported to persist for a long time [12], and
PICS after severe COVID-19 infections has also been reported
[13,14]. Statements from professional societies have urged provi-
sion of nutrition therapy similar to routine ICU guidelines to
manage patients with COVID-19 [15,16]. There were many sug-
gestions to provide enhanced nutritional support especially to
elderly or malnourished patients receiving COVID-19 treatment
[17,18]. Since the COVID-19 pandemic affects ICU care of patients
with and without COVID-19 infections [19], nutrition practices may
be negatively impacted for all patients due to intensified focus on
resuscitation and stabilization. Coupled with challenges of early
mobilization and exercise during the pandemic [20], there is an
urgent need to optimize both nutrition and provision of early
mobility to optimize outcomes for all ICU patients. Along with
hyper-catabolism in patients with COVID-19 or acute respiratory
distress syndrome, an imbalance between nutrition provided and
physical activity could be potentially harmful. There have been no
large-scale studies of nutrition therapy during the COVID-19
pandemic to the best of our knowledge [21e23].

We recently conducted a worldwide one-day prevalence study
of ICU care including nutrition therapy. In this analysis, we specif-
ically investigate nutrition therapy for patients with/without
COVID-19 infections and examine whether nutrition practices
changed during the COVID-19 pandemic. We simultaneously
analyzed patient physical activity on that day. We also evaluated
what ICU administrative structures significantly influenced nutri-
tion therapy, to consider ways of overcoming some of the barriers
limiting adequate nutrition support.

2. Materials and Methods

This was an international one-day point prevalence study con-
ducted on 27th January, 2021, with approval by the ethics committee
of the Saiseikai Utsunomiya Hospital (2020e69) and pre-
registration in UMIN (UMIN000040405). The study outline is
described in detail in the previous report. Briefly, participants were
recruited by sending an invitation letter to the members of Indian
Society of Critical Care Medicine, the Korean Society of Critical Care
Medicine, and other local or national networks in collaboration
with regional/national coordinators. According to the Ethical
Guidelines for Medical and Health Research Involving Human
Subjects in Japan, ethical approval at each participating institution
2

was waived because of the anonymous nature of this study which
did not collect specific data that could identify ICUs or individual
patients. This ethical policy was explained to all clinicians, and ICUs
participated only if they agreed after referring to the ethics policies
in their regions and countries. If participation presented difficulty
on the ethical policy, clinicians could decide to participate after
obtaining ethical approval. Participants who agreed with study
policies could register their ICU and there were no exclusion
criteria.

All registration and questionnaires were conducted using Goo-
gle Forms (Google. LLC. California. US.). Using the registration URL,
the name of one representative for each participating ICU, the name
of the hospital, and the location were collected. Basic hospital and
ICU information were collected on line, including type of hospital,
type of ICU, total number of ICU beds and beds dedicated to patients
with COVID-19, nurse-to-patient ratio, presence of a nutritionist/
dietitian dedicated to the ICU and the existence/absence of written
protocols for nutrition therapy, provided by the registered repre-
sentatives. Each representative who completed this questionnaire
received a different Facility Registration Number. On the survey
date, 27 January 2021, the URL for the survey was sent to the
registered representatives. Only representatives who had their
specific Facility Registration Number could continue to complete
the survey.

The implementation rate for elements of the ABCDEF bundle (A:
regular pain assessment, B: both spontaneous awakening and
breathing trials, C: regular sedation assessment, D: regular delirium
assessment, E: early mobility and exercise, and F: family engage-
ment and empowerment) was collected for patients with COVID-19
infections (COVID) and patients without COVID-19 infections (non-
COVID), with age, gender, body mass index (BMI), ICU length of stay
at the time of the survey, use of medical devices, continuous use of
neuromuscular blockade, vasoactive agents, analgesia and sedation
agents, prone positioning and its duration, ICU mobility scale (IMS)
[24] on the survey date, and nutrition therapy on that day. The
route of nutrition therapy used within the preceding 24 h was
collected, including enteral nutrition (EN), oral or parenteral routes.
Total energy and protein provided in the 24 h until the morning on
the survey date were evaluated and categorized; energy delivery;
x < 10, 10 � x < 20, 20 � x < 30 or 30 � x kcal/kg/day and protein
delivery; <1.2 g/kg/day or �1.2 g/kg/day. In the case of oral nutri-
tion, total estimated energy and protein is calculated, based on the
actual amount of intake. The representatives completed one
questionnaire for each patient, except for patients who were
terminally ill and receiving palliative care. Data obtained from the
survey were linked to the data of the hospital and ICU based on the
Facility Registration Number.

After categorizing patients into COVID and non-COVID groups,
we evaluated the delivery of nutrition categorizing by ICU day and
analyzed it according to IMS. Subgroup analyses of patients un-
dergoing mechanical ventilation, with a BMI �25 [25], and under-
going prone positioning (hours/day) among patients with COVID-
19 infections were conducted. Finally, we conducted multivari-
able regression analysis for the nutrition achievement; energy de-
livery �20 kcal/kg/day and protein delivery �1.2 g/kg/day, with the
ICU administrative structures evaluated in this study and possibly
related to nutrition therapy.

2.1. Statistical analysis

Continuous variables are expressed as the mean ± standard
deviation and are compared using Student's t-test or one-way
analysis of variance when the null hypothesis is not rejected by
the ShapiroeWilk test. Continuous variables are expressed as the
median (interquartile range) and are compared using the
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ManneWhitney U test or KruskaleWallis test when the null hy-
pothesis is rejected by the ShapiroeWilk test. For categorical vari-
ables, the proportions of patients in each category were calculated.
Then the groups were compared using chi-squared tests. Catego-
rizing patients into COVID and non-COVID groups, multivariable
logistic regression analysis for the energy delivery �20 kcal/kg/day
and protein delivery �1.2 g/kg/day was performed including ICU
administrative structural factors. To check multicollinearity be-
tween independent variables, the variance inflation factor was
calculated before performing multivariate logistic regression.
Multicollinearity was regarded as present when the variance
inflation factor was >10. All statistical analyses were conducted
using software (JMP 14; SAS Institute Inc.).

3. Results

A total of 1229 patients (627 non-COVID and 602 COVID) were
registered and analyzed from 135 worldwide ICUs. Hospital infor-
mation and ICU administrative structures for participating in-
stitutions are shown in Table .1. Most patients were accrued from
Asia (52.6%) and Africa (28.4%), followed by Europe (15.3%). The
type of hospitals and ICUs, and nurse-to-patient ratios differed
somewhat between the non-COVID and COVID groups (Table 1).
The rates of nutritionists/dietitians dedicated to the ICU and exis-
tence of written protocols for nutrition therapy were 35.0% and
50.8%, respectively, with no significant differences between the
non-COVID and COVID groups.

Patient baseline and treatments are shown in Table 2. Variable
distributions in age, gender (male), and BMI were seen between
two groups. The ICU length of stay was significantly longer in the
COVID group (5 vs 9 days, p < 0.001). Continuous neuromuscular
blockade and analgesia/sedation agents were more frequently
given to the COVID group. A higher introduction rate and longer
duration of prone positioning was seen in the COVID group
Table 1
Study patients: Hospital and ICU information.

n non

Continent, n (%)
Asia 361
Africa 193
Europe 35 (
South-America 16 (
Others 22 (

Type of hospital, n (%)
University hospital 290
University affiliated hospital 123
Community hospital 164
Others 50 (

Type of ICU, n (%)
Medical-Surgical mixed ICU 479
Medical ICU 51 (
Surgical ICU including cardiac surgery 64 (
Pediatric ICU 14 (
other types of ICU 19 (

Tele ICU, n (%) 17 (
Total number of ICU beds 14 (
ICU beds for COVID-19 4 (2
Nurse-to-patient ratio
1:1 172
1:2 396
1:4 45 (
�4 14 (
Nutritionist/dietitian dedicated to the ICU, n (%) 217
Written protocol for nutrition therapy, n (%) 305
Multidisciplinary rounds more than once a week, n (%) 234

ICU, intensive care unit; COVID, coronavirus disease. * infers a significant difference wit

3

(Table 2). These differences were similarly found in patients un-
dergoing mechanical ventilation.

Nutrition support for all ICU patients is shown in Table 3. Enteral
nutrition (EN) was used more often in the COVID group regardless
of the presence of mechanical ventilation, while PN was less
frequent. The rate of energy delivery �20 kcal/kg/day and the
protein delivery �1.2 g/kg/day was significantly higher in the
COVID group (44.8 vs 54.5%, p¼ 0.0007 and 35.4 vs 45%, p¼ 0.0011,
respectively) with the same low level of activity in both groups as
described by the IMS. Similar tendencies and significant differences
between the non-COVID and COVID groups were observed in the
subgroup with a BMI �25 kg/m2 (Supplementary Table 1). IMS was
lower in these populations, and was significantly lower in the
COVID group (0 (0, 2) vs 0 (0, 1), p ¼ 0.029). Given the duration of
prone positioning in the COVID group (Supplementary Table 2), EN
was predominantly used for patients without prone positioning or
12e24eh prone positioning, while the oral route was used for
patients with 0-12-h of prone positioning. Over 90% of patients
received nutrition therapy as EN or orally regardless of the dura-
tion. Energy and protein delivery were similar levels regardless of
the duration of the prone positioning.

Considering the percentage of patients who were given
adequate energy with the ICU length of stay and physical activity
level, the rate of energy delivery �20 kcal/kg/day in contrast with
ICU days and IMS is shown in Fig. 1. As the COVID bars were tended
to be high in the left (earlier ICU days) and front (lower IMS) side,
the energy was delivered more in patients for whom the physical
activity was low in the acute phase (Fig. 1A, B). A similar trend was
also seen when it was limited to those who were mechanically
ventilated (Fig. 1C, D). Accordingly, in the subgroup of ICU days � 5
days and IMS �2, the rate of energy delivery �20 kcal/kg/day was
32.9% in non-COVID group and 48.1% in COVID group, with a sig-
nificant difference (p ¼ 0.0037). Detailed energy provision is
described in Supplementary Table 3.
-COVID 627 COVID 602 p value

<0.0001*
(57.6) 286 (47.5)
(30.8) 156 (25.9)
5.6) 153 (25.4)
2.6) 6 (1)
3.5) 1 (0.2)

(46.3) 231 (38.4) 0.0099*
(19.6) 121 (20.1)
(26.2) 206 (34.2)
8.0) 44 (7.3)

(76.4) 394 (65.5) <0.0001*
8.1) 153 (25.4)
10.2) 24 (4.0)
2.2) 12 (2.0)
3.0) 19 (3.2)
2.7) 35 (5.8) 0.0064*
10, 25) 13 (8, 27) 0.0246*
,8) 4 (4, 18) <0.0001*

<0.0001*
(27.4) 254 (42.2)
(63.2) 296 (49.2)
7.2) 36 (6.0)
2.1) 16 (2.7)
(34.6) 213 (35.4) 0.78
(48.6) 319 (53.0) 0.13
(37.3) 188 (31.2) 0.029*

h p <0.05.



Table 2
Patient characteristics and basic treatment.

n Overall Mechanically ventilated

non-COVID 627 COVID 602 p value non-COVID 339 COVID 458 p value

Age (years), n(%) <0.0001* <0.0001*
x <20 54 (8.6) 4 (0.7) 30 (8.9) 1 (0.2)
20� x <30 28 (4.5) 8 (1.3) 13 (3.8) 6 (1.3)
30� x <40 51 (8.1) 30 (5.0) 26 (7.7) 23 (5.0)
40� x <50 57 (9.1) 65 (10.8) 28 (8.3) 47 (10.3)
50� x <60 90 (14.4) 132 (21.9) 50 (14.8) 105 (22.9)
60� x <70 120 (19.1) 193 (32.1) 77 (22.7) 152 (33.2)
70� x <80 136 (21.7) 146 (24.3) 64 (18.9) 109 (23.8)
x �80 91 (14.5) 24 (4.0) 51 (15.0) 15 (3.3)

Male, n (%) 391 (62.4) 425 (70.6) 0.0022* 209 (61.7) 329 (71.8) 0.0025*
BMI (kg/m2), n(%) <0.0001* <0.0001*
x <18.5 84 (13.4) 10 (1.7) 49 (14.5) 4 (0.9)
18.5� x <25 310 (49.4) 150 (24.9) 147 (43.4) 104 (22.7)
25� x <30 155 (24.7) 218 (36.2) 99 (29.2) 168 (36.7)
30� x <35 54 (8.6) 140 (23.3) 27 (8.0) 114 (24.9)
x �35 24 (3.8) 84 (14.0) 17 (5.0) 68 (14.9)

ICU length of stay (days) 5 (2, 10) 9 (4.5, 16) <0.0001* 6 (2, 12) 9 (5, 16) <0.0001*
Use of support devices, n(%)
Extracorporeal membrane oxygenation 18 (2.9) 30 (5.0) 0.055 12 (3.5) 24 (5.2) 0.25
Renal replacement therapy 66 (10.59) 56 (9.3) 0.47 41 (12.1) 54 (11.8) 0.90
Left ventricular unloading device (ImpellaⓇ, IABP) 10 (1.6) 1 (0.2) 0.0041* 7 (2.1) 1 (0.2) 0.0076*

Continuous use of neuromuscular blockage, n(%) 19 (3.0) 159 (26.4) <0.0001* 15 (4.4) 159 (34.7) <0.0001*
Continuous use of vasoactive drugs, n(%) 208 (33.2) 186 (30.9) 0.39 155 (45.7) 180 (39.3) 0.070
Continuous use of analgesia and sedation agents, n(%) 329 (52.5) 394 (65.5) <0.0001* 242 (71.4) 370 (80.8) 0.0020
Prone positioning (hours), n(%) <0.0001* <0.0001*
0 (not done) 191 (30.5) 333 (55.3) 143 (42.2) 266 (58.1)
0� x <6 11 (1.8) 58 (9.6) 6 (1.8) 42 (9.2)
6� x <12 2 (0.3) 38 (6.3) 2 (0.6) 25 (5.5)
12� x <18 4 (0.6) 57 (9.5) 4 (1.2) 51 (11.1)
18� x �24 0 (0) 56 (9.3) 0 (0) 53 (17.3)
Not a candidate (no respiratory failure) 419 (66.8) 60 (10.0) 184 (54.3) 21 (4.6)

COVID, coronavirus disease; BMI, body mass index; IABP, intra-aortic balloon pump. * infers a significant difference with p <0.05.

Table 3
Nutrition Therapy and physical activity.

n Overall Mechanically ventilated

non-COVID 627 COVID 602 p value non-COVID 339 COVID 458 p value

Route of Nutrition therapy, n (%)
Enteral (not oral) 313 (49.9) 416 (69.1) <0.0001* 228 (67.3) 374 (81.7) <0.0001*
Oral 155 (24.7) 165 (27.4) 0.28 28 (8.3) 63 (13.8) 0.014*
Parenteral 121 (19.3) 37 (6.2) <0.0001* 71 (20.9) 31 (6.8) <0.0001*

Total energy delivery (kcal/kg/day), n (%) <0.0001* <0.0001*
x <10 155 (24.7) 53 (4.3) 86 (25.4) 44 (9.6)
10� x <20 191 (30.5) 221 (36.7) 105 (31.0) 173 (37.8)
20� x <30 220 (35.1) 286 (47.5) 118 (34.8) 206 (45.0)
x �30 61 (9.7) 42 (7.0) 30 (8.9) 35 (7.6)

Protein delivery ≥1.2 g/kg/day, n (%) 216 (35.4) 232 (45.0) 0.0011* 121 (36.0) 179 (47.0) 0.0029*
IMS on the survey day 1 (0, 2) 0 (0, 3) 0.067 0 (0, 1) 0 (0, 1) 0.82

COVID, coronavirus disease; IMS, intensive care unit mobility scale. * infers a significant difference with p <0.05.
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ICU administrative structures which influenced the achieve-
ment of energy delivery �20 kcal/kg/day and protein delivery
�1.2 g/kg/day were evaluated withmultivariable logistic regression
analysis (Table 4). The associated independent factors were variable
and not consistent between the non-COVID and COVID groups. The
presence of a nutritionist/dietitian dedicated to the ICU was a sig-
nificant independent factor associated with achieving energy de-
livery �20 kcal/kg/day in both groups. After excluding patients
admitted for <3 days, the odds of >20 kcal/kg/day achievement was
higher in both groups with a dedicated dietitian (2.13 (95% Confi-
dence Interval: 1.22 to 3.75, p ¼ 0.0081) in non-COVID and 2.98
(95% Confidence Interval: 1.47e6.04, p ¼ 0.0024) in COVID. The
presence of a nutritionist/dietitian was not significantly associated
with protein delivery even for patients on ICU days 1 and 2
were excluded. Written protocols for nutrition therapy and
4

multidisciplinary rounds were not independently associated with
the achieving energy and protein delivery goals.

4. Discussion

In this worldwide one-day point prevalence study which char-
acterized ICU care for more than 1000 ICU patients with and
without COVID-19 infections, the provision of nutrition therapy,
including both achievements of energy �20 kcal/kg/day and pro-
tein >1.2 g/kg/day, was higher in patients with COVID-19 infections.
However, nutrition was provided with very low physical activity in
the early acute phase in the patients with COVID-19 infections. The
presence of a nutritionist/dietitian dedicated to the ICU was asso-
ciated with improved energy delivery both in patients with COVID
and those without COVID, but not protein delivery.



Fig. 1. Rate of energy delivery ≥20 kcal/kg/day according to intensive care unit (ICU) days and ICU Mobility scale. The rate of energy delivery �20 kcal/kg/day contrasting to ICU
days and IMS is shown. The bars in front side represent the nutrition therapy in whom physical activity was low. The patients with COVID-19 infections received adequate energy
delivery more frequently with lower physical activity in early acute phase than those without COVID-19 infections, both in overall and in mechanically ventilated. A: energy delivery
in the non-COVID group, B: energy delivery in the COVID group, C: energy delivery in mechanically ventilated non-COVID, D: energy delivery in mechanically ventilated COVID. ICU,
intensive care units; IMS, ICU mobility scale; COVID, coronavirus disease.
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This is the most recent investigation of critical care nutrition,
and to the best of our knowledge represents the largest such study
during the COVID-19 pandemic era. Although nutrition manage-
ment differs among countries and this study did not include the
United States of America or Australia, energy delivery goals tended
to be achieved using current critical care nutrition including pa-
tients with COVID-19 infections. This may be due to implementa-
tion of guidelines and nutrition recommendations for patients with
COVID-19 infections [1,2,15,16,18]. Protein delivery goals tended not
to be achieved both in patients with and without COVID-19 in-
fections. As reported in previous studies [6,8,9], there were a
number of barriers to achieve protein delivery targets and it re-
mains an important challenge in critical care.

Although it was reported that digestive complications occa-
sionally occur in patients with COVID-19 infections [26,27], EN
might be easier to use because patients who are severely ill with
COVID-19 infections suffered mainly from respiratory failure
comparing with other ICU-related diseases. In a small observational
study of patients severely ill with COVID-19 infections also showed
that energy goals were generally met [28,29]. Furthermore, this
study showed that EN could be given even to patients in the prone
position.

However, providing ICU care was affected in patients with
COVID-19 infections, and early mobilization was especially affected
despite it being a key part of the ABCDEF bundle [20]. Physical
activity was extremely low in patients who were severely ill with
5

COVID-19 infections in this study. Although energy�20 kcal/kg/day
was not overfeeding, a positive correlation between energy
expenditure and physical activity was reported in critically ill pa-
tients [30]. In general, physical activity and exercise should be
progressively increased with the provision of nutrition therapy
[22]. We should optimize early mobilization in all ICU patients
including those with COVID-19 infections.

As obesity definitely contributes to illness severity in COVID-19
infections [31,32], many patients with COVID-19 and higher BMI
were included in this study. These results showed a similar ten-
dency in obese patients, and furthermore, physical activity level
was even lower in obese patients with COVID-19. Active early ex-
ercise and rehabilitation would be difficult to introduce to such
patients [33]. As careful nutrition therapy has been recommended
for patients with COVID-19 infections and obesity [34], we should
pay attention to their physical activity simultaneously.

The presence of a nutritionist/dietitian dedicated to the ICU was
significantly associated with achieving energy delivery goals for
both the COVID and non-COVID groups. It has been reported that
active intervention by a nutritionist/dietitian would be meaningful
for patients in the ICU [35], and they might contribute directly to
patients’ nutrition care or to influence nutrition therapy provided
by critical care teams. Their importance has been also reported in
less severely ill patients and for prevention of COVID-19 [36,37].
Specialists for nutrition therapy might be needed for active critical
care nutrition support. Other ICU administrative structures,



Table 4
Multivariable Logistic Regression Analysis for energy delivery �20 kcal/kg/day and protein delivery �1.2 g/kg/day.

Energy delivery �20 kcal/kg/day Protein delivery �1.2 g/kg/day

non-COVID COVID non-COVID COVID

odds ratio (95% CI) p value odds ratio (95% CI) p value odds ratio (95% CI) p value odds ratio (95% CI) p value

Continent
Asia (reference) (reference) (reference) (reference)
Africa 6.60 (3.75e11.6) <0.0001 0.46 (0.22e0.95) 0.035* 6.84 (3.77e112.4) <0.0001* 0.75 (0.38e1.49) 0.41
Europe 2.29 (0.86e6.07) 0.096 0.56 (0.27e1.14) 0.11 1.28 (0.49e3.36) 0.61 0.19 (0.094e0.40) <0.0001*
South-America 3.68 (0.81e16.6) 0.091 1.58 (0.11e21.4) 0.61 1.31 (0.26e6.61) 0.75 0.75 (0.098e5.69) 0.78
Others 11.8 (3.36e41.8) 0.0001* 0 1 17.2 (4.79e61.4) <0.0001* 0 1

Total hospital beds
x <200 (reference) (reference) (reference) (reference)
200� x <400 0.54 (0.19e1.51) 0.39 0.35 (0.12e1.03) 0.056 0.68 (0.23e2.01) 0.48 1.06 (0.37e1.39) 0.27
400� x <600 0.40 (0.17e0.94) 0.035* 0.85 (0.31e2.31) 0.75 0.42 (0.18e1.01) 0.94 2.88 (1.10e7.56) 0.031*
600� x <800 0.62 (0.29e1.31) 0.21 1.79 (0.63e5.13) 0.28 0.54 (0.26e1.14) 0.11 1.10 (0.40e3.04) 0.85
x �800 0.72 (0.33e1.53) 0.39 1.00 (0.33e3.00) 0.99 0.70 (0.33e1.52) 0.37 1.59 (0.56e4.55) 0.38

Type of hospital
University hospital 1.07 (0.59e1.93) 0.83 1.56 (0.83e2.97) 0.17 0.38 (0.70e2.70) 0.35 1.43 (0.74e2.75) 0.28
University affiliated hospital 0.90 (0.42e1.93) 0.79 1.18 (0.59e2.36) 0.64 3.54 (1.61e7.80) 0.0017* 1.29 (0.6302.63) 0.49
Community hospital (reference) (reference) (reference) (reference)
Others 0.54 (0.21e1.41) 0.21 3.88 (1.26e11.9) 0.018* 2.61 (0.95e7.19) 0.064 7.48 (2.56e21.8) 0.0002*

Type of ICU
Medical-Surgical mixed ICU (reference) (reference) (reference) (reference)
Medical ICU 1.08 (0.49e2.37) 0.85 2.91 (1.42e5.96) 0.0035* 0.27 (0.12e0.65) 0.0031* 1.19 (0.58e2.41) 0.64
Surgical ICU including cardiac surgery 0.54 (0.25e1.18) 0.12 0.52 (0.18e1.51) 0.23 0.37 (0.16e0.83) 0.016* 0.84 (0.30e2.34) 0.74
Pediatric ICU 0.11 (0.02e0.52) 0,0053* 2.76 (0.38e20.0) 0.31 0.89 (0.11e7.30) 0.91 1
Other types of ICU 0,44 (0.14e1.42) 0.17 1.02 (0.32e3.21) 0.98 0.17 (0.04e0.74) 0.017* 0.57 (0.19e1.72) 0.32

Tele-ICU 11.6 (1.28e105.4) 0.029* 1.42 (0.43e4.71) 0.57 1.24 (0.35e4.33) 0.74 1.42 (0.41e4.89) 0.58
Total of ICU beds 1.00 (0.97e1.02) 0.76 0.99 (0.98e1.01) 0.46 0.98 (0.05e1.02) 0.32 0.99 (0.98e1.01) 0.44
ICU beds for COVID-19 1.00 (0.96e1.05) 0.78 0.99 (0.98e1.01) 0.32 1.02 (0.97e1.06) 0.42 1.01 (0.99e1.02) 0.38
Nurse-to-patient ratio
1:1 0.62 (0.34e1.11) 0.11 0.62 (0.32e1.18) 0.15 0.87 (0.47e1.61) 0.67 0.96 (0.53e1.74) 0.89
1:2 (reference) (reference) (reference) (reference)
1:3 0.74 (0.30e1.82) 0.51 0.90 (0.36e2.24) 0.83 1.17 (0.44e3.13) 0.75 0.41 (0.16e1.04) 0.059
�4 0.45 (0.11e1.87) 0.27 3.78 (0.79e18.1) 0.096 0.24 (0.037e1.54) 0.13 1.66 (0.43e6.42) 0.061
Nutritionist/dietitian dedicated to the ICU 1.68 (1.07e2.66) 0.025* 3.21 (1.64e6.29) 0.0006* 1.19 (0.71e1.97) 0.51 1.26 (0.68e2.37) 0.46
Written protocol for nutrition therapy 1.27 (0.82e1.96) 0.29 0.53 (0.30e0.95) 0.032* 1.15 (0.71e1.86) 0.57 0.72 (0.41e1.27) 0.26
Multidisciplinary rounds
More than once a week 1.46 (0.81e2.63) 0.20 1.11 (0.61e2.03) 0.74 1.48 (0.78e2.80) 0.23 0.87 (0.48e1.59) 0.66
None or less above (reference) (reference) (reference) (reference)

COVID, coronavirus disease; ICU, intensive care units. * infers a significant difference with p <0.05.
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including written protocols and multidisciplinary rounds were not
significantly associated with providing nutrition therapy. Partici-
pation by a nutritionist/dietitian may contribute more to adequate
provision of nutrition therapy than protocols. If a nutritionist/die-
titian typically participates in multidisciplinary round team, their
contribution to nutrition therapy might be greater in the future.
However, protein delivery was not affected by the presence of a
dedicated ICU nutritionist/dietitian. Protein delivery is limited by
cost, the need for EN products with high protein/energy ratio and/
or amino acids used in PN [8,9]. Since nutrition therapy was sup-
plied via enteral route in many of the patients both with and
without COVID-19 infections, the lack of variety in high protein EN
products might be related to the variability of protein delivery
practice by nutritionists/dietitians despite achieving energy targets.
We may have to consider using specific EN products with high
protein or whey protein powder content [11]. There was an opinion
that PN should be considered because PN could reduce the contact
risk with patients who have COVID-19 infections [38].

This study has several limitations. First, the limited number of
patients and participating countries could cause selection bias and
limit the generalizability to other ICUs and countries. Some of the
hotspots in the COVID-19 pandemic are under-represented. Second,
the nature of a point prevalence study does not define a causal
relationship and reflects the overwhelming situation at partici-
pating sites. Third, we could collect only estimates of energy and
protein delivery which did not conflict with individual information,
6

not necessarily accurate energy and protein delivery. Fourth, we
could not collect nutrition assessment data, and were not able to
establish the diagnosis of malnutrition. Fifth, we did not investigate
the use of indirect calorimetry. Greater than 20 kcal/kg/day might
be appropriate (not overfeeding) even based on individual physical
activity if it was determined with indirect calorimetry monitoring.
In the COVID-19 pandemic era, however, indirect calorimetrymight
be less frequently used, especially in patients with COVID-19 in-
fections, to protect against infection. Finally, potential confounding
factors, such as conditions related to EN, ileus or abdominal surgery,
were not investigated. It was not possible to assess all of the con-
ditions in patients without COVID-19 infections, and further
research might lead to different results regarding the provision of
nutrition therapy in patients without COVID-19 infections.

5. Conclusions

During the Covid-19 pandemic, patients with COVID-19 in-
fections are receiving more adequate energy and protein delivery
than those without COVID-19 infections beginning in the acute
phase of illness. However, physical activity level was extremely low
which highlights the need to optimize early mobilization in all ICU
patients. The presence of a nutritionist/dietitian dedicated to the
ICU was associated with higher energy delivery to both patients
with and without COVID-19 infections, but not with protein
delivery.
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