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Background & aims: The aim of this study was to evaluate the nutritional support management in me-
chanically ventilated coronavirus disease 2019 (COVID-19) patients and explore the association between
early caloric deficit and mortality, taking possible confounders (i.e. obesity) into consideration.
Methods: This was a prospective study carried out during the first pandemic wave in the intensive care
units (ICUs) of two referral University Hospitals in Lombardy, Italy.
Two hundred twenty-two consecutive mechanically ventilated COVID-19 patients were evaluated during
the ICU stay. In addition to major demographic and clinical data, we recorded information on the route
and amount of nutritional support provided on a daily basis.
Results: Among patients still in the ICUs and alive on day 4 (N ¼ 198), 129 (65.2%) and 72 (36.4%) reached
a satisfactory caloric and protein intake, respectively, mainly by enteral route.
In multivariable analysis, a satisfactory caloric intake on day 4 was associated with lower mortality
(HR ¼ 0.46 [95%CI, 0.42e0.50], P < 0.001). Mild obesity (body mass index [BMI] �30 and < 35 kg/m2) was
associated with higher mortality (HR ¼ 1.99 [95%CI, 1.07e3.68], P ¼ 0.029), while patients with
moderate-severe obesity (BMI�35 kg/m2) were less likely to be weaned from invasive mechanical
ventilation (HR ¼ 0.71 [95%CI, 0.62e0.82], P < 0.001).
Conclusions: This study confirmed the negative prognostic and clinical role of obesity in mechanically
ventilated COVID-19 patients and suggested that early caloric deficit may independently contribute to
worsen survival in this patients’ population. Therefore, any effort should be made to implement an
adequate timely nutritional support in all COVID-19 patients during the ICU stay.

© 2021 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

The novel coronavirus disease 2019 (COVID-19) pandemic has
significantly affected the healthcare systems around the world and
has caused a huge number of deaths [1].

Most patients have clinically mild symptoms and are likely to
recover. However, many infected individuals develop severe clinical
manifestations and a significant proportion becomes critically ill,
requiring advanced organ support in the Intensive Care Unit (ICU),
including medical nutritional therapy [2].
lism. All rights reserved.
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Approximately 90% of hospitalized patients has one or more
underlying conditions, particularly hypertension, chronic lung
disease, diabetes mellitus, cardiovascular disease, cancer, and
obesity [1].

Previous research showed that in ICU underfeeding related to
inability to deliver the required amount of nutrients is very com-
mon. Repetitive fasting periods, enteral tube complications and
gastrointestinal intolerance are the most frequently reported
problems [3].

In COVID-19 patients admitted to ICU, nutritional support can be
particularly challenging, as new ICU wards are progressively being
created in emergency circumstances, recruiting doctors and nurses
from other medical specialties. Moreover, tolerance to enteral
nutrition (EN) may be incomplete because of unstable hypoxemia,
hypercapnia or acidosis, gastric distention and/or impaired
emptying, erosive gastritis, diarrhea and other comorbidities, and
of the frequent use of prone positioning during mechanical venti-
lation [4]. Hence, different nutritional support strategies have to be
considered, like the use of supplemental parenteral nutrition (PN)
or specific high protein-high caloric, highly digestible enteral for-
mulas, which may not be easily available or manageable in every
hospital [4].

The energy deficit accumulated by long-staying ICU patients
during their first days of ICU stay may play an important role in ICU
and hospital outcomes, including mortality and acquired infections
[5]. However, the opportunity of reaching full caloric requirements
by artificial nutrition remains a matter of debate, in particular
among obese patients [6], as overzealous calories provision in the
early phase of critical illness may be harmful, too [5]. Furthermore,
obesity in COVID-19 patients seems associated with worse out-
comes, including higher risk of hospitalization, admission to ICU,
need of invasive mechanical ventilation (IMV) and mortality [7].

Aim of the present study was to evaluate the nutritional support
management in mechanically ventilated COVID-19 patients and to
explore the association between early caloric deficit and clinical
outcomes, taking into consideration possible confounders,
including obesity.

2. Methods

2.1. Study population

This was a sub-study of a prospective observational study on
consecutive mechanically ventilated COVID-19 patients (positive
result on real-time reverse-transcriptaseepolymerase-chain-reac-
tion assay of nasopharyngeal swab) admitted to the ICUs of two
Italian referral hospitals in the outbreak region of Lombardy
(MarcheMay 2020) and in whom nutritional aspects were
collected. The study and the sub-study were approved by the local
Institutional Ethics Committees and aimed to: 1) describe the
nutritional support of this patient population; 2) evaluate the
impact of early caloric deficit on mortality and IMV-free survival.
Only patients requiring extracorporeal membrane oxygenation
were excluded.

2.2. Assessments

Weight was obtained by weighing beds when available, identity
cards, history or information obtained from the families. Height
was obtained by identity cards or information obtained from the
families. In addition to major demographic and clinical data (main
comorbidities, sequential organ failure assessment [SOFA] score,
Simplified Acute Physiology Score [SAPS] II, protonation, time to
admission to ICU, duration of ICU stay), we obtained information on
the route (enteral and parenteral) and amount of nutritional
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support (protein and calories) provided on a daily basis from the
electronic medical records. Specifically, nutritional support was
progressively implemented to reach 80e100% of estimated re-
quirements between day 4 and day 7. As indirect calorimetry was
not available, energy and protein targets (25 kcal/kg/day and 1.3 g/
kg/day, respectively) were calculated according to real or adjusted
body weight (for obese patients) in agreement with the recent
European guidelines [8]. Energy delivered intravenously via
glucose solutions and propofol were taken into account. Early
caloric and protein deficit was defined by the incapacity to reach
80% of estimated caloric and protein requirement on day 4.

2.3. Study outcomes

Mortality in ICU and IMV-free survival were the endpoints of
interest.

2.4. Statistical analysis

We used the Stata software (release 16.1, StataCorp, College
Station, TX, USA) for all computations. We considered a 2-sided p-
value<0.05 as statistically significant. We described continuous
data with the mean and standard deviation (SD) or the median and
the inter-quartile range (IQR) when appropriate and categorical
data as counts and percent. We fitted multivariable Cox models for
death and weaning from IMV including caloric intake on day 4, BMI
and a series of predefined confounders (Table 1). The satisfactory
caloric intake on day 4wasmodelled as time-dependent.We report
hazard ratios (HR) and 95% confidence intervals (95%CI). We
computed the Harrell's c statistic for discrimination. We plotted the
model derived cumulative survival or cumulative hazard for the
mortality and weaning from IMV, respectively. For all models, we
computed Huber-White robust standard error to account for clus-
tering within Center. We tested the interaction of BMI categories
and caloric intake. No formal sample size was performed for the
sub-study; we planned to enroll about 200 patients to observe
around 100 deaths [1] to satisfy the predictors to events of 1:10
pragmatic rule for inclusion in a multivariable model.

3. Results

Two hundred twenty-two patients were included. EN was pro-
vided to 209 patients, while exclusive PN and supplemental PN
were administered to 4 and 33 patients, respectively. In 9 patients it
was not possible to provide any nutritional support. Among pa-
tients still in the ICU and alive on day 4 (N ¼ 198), 129 (65.2%) and
72 (36.4%) reached a satisfactory caloric and protein intake,
respectively. Among 174 patients alive on day 7, 134 (77.0%) and 81
(46.6%) were receiving an acceptable caloric and protein support,
respectively. Only 7 (3.5%) patients underwent overfeeding with a
caloric intake >35 kcal/kg on day 4. After a median ICU stay of 14
days [IQR, 8e25], 72 (32.4%) patients died (12 and 20 in the first 4
and 7 days, respectively). Median duration of IMVwas 13 days [IQR,
7e24].

Sixty-five (29.3%) patients were proned: their caloric intake did
not significantly differ as compared to that of non-proned patients.

In multivariable analysis, reaching a satisfactory caloric intake
on day 4 was associated with lower ICU mortality (HR 0.46 [95%CI
0.42e0.50], Table 1 and Fig. 1A) but no association was found with
earlier weaning from IMV (HR ¼ 0.97 [95%CI, 0.70e1.36], P ¼ 0.88).
Mild obesity (body mass index [BMI] �30 and < 35 kg/m2 vs. <30)
was associated with higher ICU mortality (Table 1), while patients
with moderate-severe obesity (BMI�35 kg/m2 vs. <30) were less
likely to be weaned from invasive mechanical ventilation
(HR ¼ 0.71 [95%CI, 0.62e0.82], P < 0.001; Fig. 1B). Caloric and



Table 1
Clinical, demographic characteristics of the population and predictors of outcome (multivariable Cox proportional hazard model).

Feature Overall population (N ¼ 222) Mortality
Harrell'c 0.75, (95%CI 0.69-0.81)

IMV weaning-free survival
Harrell's c 0.70 (95%CI 0.70-0.71)

HR [95%CI] P value HR [95%CI] P value

Female, N (%) 49 (22.1) 0.51 (0.45e0.54) <0.001 1.37 (1.31e1.45) <0.001
Age (years), Mean (SD) 58.6 (11.2)
�60 years, N (%) 109 (49.1) 3.01 (1.26e7.17) 0.013 0.75 (0.45e1.27) 0.28

Body mass index (kg/m2), Mean (SD) 28.9 (5.5) 0.21 0.93
<30 kg/m2, N (%) 154 (69.4) 1.00 1.00
30e34.9 kg/m2, N (%) 41 (18.5) 1.99 (1.07e3.68) 0.029 1.01 (0.88e1.16) 0.88
�35 kg/m2, N (%) 27 (12.1) 2.47 (0.59e10.28) 0.21 0.71 (0.62e0.82) <0.001

Time to admission to ICU (days), Median (IQR) 4 (1e7)
�4 days, N (%) 96 (43.2) 1.29 (0.86e1.93) 0.21 0.94 (0.85e1.03) 0.19

COPD, N (%) 5 (2.3) 3.08 (0.77e12.38) 0.11 1.10 (0.33e3.65) 0.88
Diabetes, N (%) 30 (13.5) 1.87 (1.25e2.79) 0.002 1.20 (0.44e3.29) 0.72
Hypertension, N (%) 97 (43.7) e e e e

Ischemic heart disease, N (%) 27 (12.2) e e e e

Cancer, N (%) 18 (8.1) e e e e

Chronic kidney disease, N (%) 4 (1.8) e e e e

SOFA score, Mean (SD) 7.9 (2.4)
�8, N (%) 74 (33.3) 1.58 (1.42e1.75) <0.001 0.67 (0.62e0.72) <0.001

SAPS-II score, Mean (SD) 40.1 (13.1) e e e e

�41, N (%) 104 (46.9)
PaO2/FiO2, Median (IQR) 114 (83e156) e e e e

Pronation, N (%) 65 (29.3) 1.55 (0.88e2.75) 0.13 0.53 (0.40e0.70) <0.001
Lymphocytes (x10^3/ul), Median (IQR) 0.60 (0.43e0.97) e e e e

Lactate dehydrogenase (U/L), Median (IQR) 414 (307e587) e e e e

C-reactive protein (mg/dL), Mean (SD) 15.5 (10.4) e e e e

Albumin (g/dL), Mean (SD) 2.67 (053) e e e e

D-Dimer (ug/L), Median (IQR) 1779 (955e7480) e e e e

hs-Troponine I (ng/L), Median (IQR) 31 (10e77) e e e e

Calorie intake � 80% on day 4, N (%)a 129 (65.2) 0.46 (0.42e0.50) <0.001 0.97 (0.70e1.36) 0.88
Protein intake � 80% on day 4, N (%)a 72 (36.4) e e e e

Abbreviations: IMV, invasive mechanical ventilation; ICU, intensive care unit, COPD, chronic obstructive pulmonary disease; SOFA, sequential organ failure assessment; SAPS-
II, Simplified Acute Physiology Score-II; HR (95%CI), hazard ratio and 95% confidence interval; SD, standard deviation; IQR, interquartile range (25th-75th percentile).

a Percentage calculated on those still alive in ICU on day 4 (N ¼ 198).
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protein intake did not differ among different BMI categories and in
diabetes patients.

There was no interaction between BMI categories and caloric
intake, neither for survival (P ¼ 0.38) nor for weaning from IMV
(P ¼ 0.93).

4. Discussion

To the best of our knowledge, this is the first prospective study
describing the nutritional support management in mechanically
ventilated COVID-19 patients and the association between early
caloric deficit and clinical outcomes.

At multivariable analysis, in addition to SOFA score and gender,
caloric deficit on day 4 emerged as an independent predictor of ICU
mortality together with obesity and diabetes. This observation is
relevant, as these two comorbidities could influence the physicians’
approach towards nutritional support, suggesting the need for a
reduced provision of calories and/or glucose, which was not the
case in our study. To note, the effect of low caloric intake on
weaning from mechanical ventilation and ICU mortality did not
differ among different BMI categories in our population. Although
the observational nature of the study and the absence of a large
sample size do not allow any conclusive statement and the absence
of indirect calorimetry assessment may impair the data accuracy,
we believe that our results could be useful in underlying the
importance of adequate and timely nutritional support in all criti-
cally ill COVID-19 patients, even in case of obesity and/or diabetes.

Our findings are consistent with previous studies showing that
the energy deficit accumulated by long-staying ICU patients during
the first days since admission is associatedwith increasedmortality
[5]. Overall, nutritional support was administered according to
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guidelines and recent recommendations [2,5], as deducible from
the wide and prevalent use of EN and the very low percentage of
patients with overfeeding. Nevertheless, almost one third and two
thirds of patients did not receive enough calories and proteins on
day 4, respectively. In respect to this, as reported in other studies
[8], we cannot exclude that inadequate protein intake also
contributed to worsen prognosis, although a separate model of
analysis including only protein intake, considered due to collin-
earity with caloric intake, did not show any effect. However, these
data are not surprising, as both overfeeding and underfeeding in
the ICUs are still a common and unresolved problem [3,8]. Of note,
prone positioning did not appear to be a limiting factor for nutri-
tional support.

Finally, the results regarding obesity were not unexpected, as
worse prognosis has been already consistently shown by other
studies with large samples [7]. Interestingly, although less than one
third of the sample was obese, we also detected an association
between severe obesity and IMV duration, which further un-
derlines the detrimental consequences of this clinical condition.
Providing adequate artificial nutritional support without harming
obese and diabetic patients is still a challenging issue and our re-
sults further indicate its clinical relevance. Interestingly, in our two
referral centers where the awareness of nutritional support is high,
the 32% ICUmortality was lower than the 48% reported by previous
literature [1]. Further comparative studies are certainly warranted.

As major limitation, we recognize the use of predictive equation
in the estimation of energy needs. ESPEN guidelines [5] suggest that,
if predictive equations are used, hypocaloric nutrition (<70% esti-
mated needs) should be preferred over isocaloric nutrition. This may
appear in contradiction with our results. However, the TICACOS
study [9] has recently shown that, compared to indirect calorimetry,
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the use of predictive equations and a calorie target similar to our
study (20e25 kcal/kg) was associated more negative energy balance
in IMV patients. On the other hand, with the LEEP-COVID study [10],
it has been highlighted that a progressive hypermetabolism
throughout the ICU stay does exist in intubated COVID-19 patients.
Overall, these findings further highlight the peculiarities of this pa-
tient population and the need of more accurate assessments of en-
ergy requirements in guiding nutrition delivery.
5. Conclusions

This observational study confirmed the negative prognostic and
clinical role of obesity in mechanically ventilated COVID-19 pa-
tients and suggested that early caloric deficit may independently
contribute to worsen survival in these patients, suggesting that any
effort should be made to implement timely and adequate nutri-
tional support during their ICU stay.
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