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Objectives: Our primary objective was to explore the effect of a eucaloric ketogenic diet (EKD) on mortality,
admission to the intensive care unit, and need for non-invasive ventilation in hospitalized patients with
COronaVIrus Disease 19 (COVID-19), in comparison to a eucaloric standard diet. Secondary objectives were
verification of the safety and feasibility of the diet and its effects on inflammatory parameters, particularly
interleukin-6.
Methods: The study is a retrospective analysis of 34 patients fed with an EKD in comparison to 68 patients fed
with a eucaloric standard diet, selected and matched using propensity scores 1:2 to avoid the confounding
effect of interfering variables. Our hypothesis was that an EKD would reduce mortality, admission to the
intensive care unit, and need for non-invasive ventilation in patients with COVID-19.
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Results: The preliminary multivariate analysis showed a statistically significant difference in survival
(P = 0.046) and need for the intensive care unit (P = 0.049) for the EKD compared with a eucaloric standard
diet. Even considering the EKD start day as a time-dependent variable, the results maintain a positive trend
for application of the diet, and it is not possible to reject the null hypothesis (P < 0.05). Interleukin-6 concen-
trations between t0 and t7 (7 d after the beginning of the diet) in the ketogenic nutrition group show a trend
that is almost significant (P = 0.062). The EKD was safe and no adverse events were observed.
Conclusions: These results show a possible therapeutic role of an EKD in the clinical management of COVID-
19. Currently, a prospective controlled randomized trial is running to confirm these preliminary data.
© 2021 The Authors. 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/)
Aerobic glycolysis
SARS-CoV-2
Introduction

COVID-19 is a pandemic disease caused by the SARS-CoV-2
virus, characterized by respiratory and gastrointestinal symptoms
[1] and an all-cause in-hospital mortality rate of 43.6% (120/275),
according to recent published experience [2], between February 25
and March 25, 2020.

In a subgroup of patients, a cytokine storm syndrome (CSS)
characterized by fulminant and fatal hypercytokinemia associ-
ated with multiorgan failure seems to be one of the most
important precipitating factors of the disease [3]. Moreover,
several risk factors, such as age, obesity, and multiorgan
comorbidity, have been associated with severe infection and
worse outcomes [4�6].

Currently, there is no proven drug for the treatment of COVID-
19 CSS. From the beginning of the pandemic, approaches aimed at
the control of hyperinflammation due to CSS have been antiinflam-
matory therapies such as corticosteroids, interleukin-6 inhibitors,
anti-granulocyte-macrophage colony stimulating factor, and pro-
grammed cell death protein 1. Recently, BB1 checkpoint inhibitors,
hydroxychloroquine, cytokine adsorption devices, and intravenous
immunoglobulin [7�9] have been proposed. According to the
World Health Organization, systemic steroids are the only proven
therapy in critical and severe COVID-19 [10], so any possible alter-
native treatment should be investigated. Recently, we proposed an
immunometabolic hypothesis identifying a treatment capable of
reducing the state of hyperinflammation associated with SARS-
CoV-2 infection [11].

There is increasing evidence that macrophages, including resi-
dent alveolar macrophages and macrophages recruited from blood,
have a crucial role in the pathogenesis of acute respiratory distress
syndrome (ARDS) [12]. In a healthy state, alveolar macrophages
located in the interface between air and cellular tissue are the
prevalent population in the alveolus. The M2 phenotype is the
main form of these cells, with immunosuppressive functions and
optimally fueled by free fatty acids. During an injury, as the exuda-
tive phase of ARDS, peripheral blood monocytes are recruited into
the alveolar lumen, then turn into macrophages with M1 pheno-
type, and finally release various potent proinflammatory mediators
(macrophage inflammatory protein-2 and interleukin-8) which
attract neutrophils into the alveolar space and are responsible for
the tissue damage that happens in ARDS.

Together with neutrophils, pulmonary activated platelets play a
crucial thrombo-inflammatory role by forming platelet�neutrophil
complexes and monocyte�platelet aggregates, causing the devel-
opment of a procoagulant and proinflammatory environment [13].
During M1 phenotype activation, there is a metabolic shift from
oxidative phosphorylation to aerobic glycolysis (the Warburg
effect), with a consequent increase in lactate production [14],
which leads to a decrease in type I interferon, a well-known
defense mechanism against viruses [15].
Materials and methods

Participants

This study is a retrospective analysis of people with SARS-CoV-2 disease
who were admitted to IRCCS San Martino Hospital between February and July
2020, with a peak in hospital admission in March 2020, and who underwent
a ketogenic diet. In this regard, in the Infectious Disease Unit a ketogenic diet
entered the routine protocol of the ward in the absence of indications or con-
traindications for a specific diet in COVID-19, according to its inflammatory
role.

All participants signed consent for the use of personal treatment data and
informed consent to undergo any type of therapy during their hospitalization.
They were also informed that a ketogenic diet was part of the routine protocol of
the ward, in the absence of contraindications, and had the possibility of accepting
or refusing immediately or later, in case of poor palatability or taste. The pharma-
cologic protocol was not conditioned by the choice of diet.

The exclusion criteria for the eucaloric ketogenic diet (EKD) were type I diabe-
tes mellitus; insulin-dependent type II diabetes or type II diabetes in treatment
with sulfonylureas, repaglinide, glucagon-like peptide-1 analogs, sodium-glucose
cotransporter-2 inhibitors, or recent arteriosclerotic cardiovascular disease
(within 1 mo); food allergies to the diet components; any metabolic disorder that
could affect gluconeogenesis; clinical history of severe hypertriglyceridemia with
or without pancreatitis; and pregnancy or lactation.

Meanwhile, a randomized controlled trial with the purpose of studying the
EKD in a larger sample of individuals in the whole hospital, randomizing the nutri-
tional treatment, was submitted and approved in June by the ethics committee
(KETOCOV-1 Register number CER Liguria: 198/2020 - DB id 10517; ClinicalTrials.
gov identifier 04492228), and was begun at the end of September 2020 with the
recrudescence of the infection in Italy.

Considering the approval of the randomized controlled trial by the ethics com-
mittee, at the end of the first wave of the pandemic in July the data of patients
treated in the Infectious Disease Unit who followed the routine diet protocol with
the EKD for a minimum period of 2 wk were analyzed.

To avoid the confounding effect of interfering variables between the two diet
groups, a 1:2 propensity score-matching analysis was performed with patients
treated in other facilities and made available to a single management software, to
have adequate controls for a valid statistical analysis (see later).

Inclusion criteria for the data analysis were as follows: documented diagnosis of
COVID-19 defined by a positive reverse-transcription polymerase chain reaction assay
result of a respiratory sample, P/F ratio >100 (arterial oxygen concentration divided by
fraction of inspired oxygen) or mild tomoderate ARDS [16], and age older than 18 y.

The initial sample of 669 patients was reduced to 479 (297 men and 182
women) because 190 either had missing data (118) or did not meet the inclusion
criteria (72). After the propensity score-matching analysis, 34 EKD patients were
included in the study and compared with 68 standard-diet (SD) patients.

All participants were investigated for demographic data and the presence of
the following comorbidities: diabetes, hypertension, arteriosclerotic cardiovascu-
lar disease, heart failure, chronic pulmonary disease, solid and hematological neo-
plasia, ulcerative disease, moderate or severe liver disease, dementia, collagen
diseases, metastatic neoplasia, and hemiplegia.

The Charlson Comorbidity Index, which has been used as a measure of 1-y
mortality risk [12], was calculated for all participants. The laboratory data and P/F
ratio were taken into account on the day of hospital admission for the control
group (standard diet) and the day before administration of the ketogenic diet for
the EKD group. Laboratory data required by the ward doctor included routine
blood tests (blood cell count, azotemia, creatinine, aspartate aminotransferase,
creatinine phosphokinase, lactate dehydrogenase, albumin, triacylglycerols, inter-
leukin-6 [IL-6], polymerase chain reaction, ferritin, lipid profile, fibrinogen, blood
sugar, basal hemoglobin A1c, basal vitamin D), basal urine test, and complete urine
analysis.

The study was conducted in accordance with the Declaration of Helsinki.
Figure 1 reports a detailed scheme of the participants and the analysis steps.

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


Fig. 1. Plan of the study.
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Diet administration

Participants included in the analysis belonged to two different dietary groups:
the standard diet group, fed the eucaloric standard diet (ESD), and the ketogenic
diet group, fed the EKD. According to the Reference Intake of Nutrients and Energy
for Italian Population and the Italian guidelines for a healthy diet [17,18], the stan-
dard oral diet was based on the Mediterranean style [19] and characterized by 30
kcal/kg/d (ranging from 1800 to 2100 kcal), protein intake of 16�20%, lipid intake
of 26%�30%, and carbohydrate intake of 42%�50%.

The EKD ranged from 1800 to 2100 kcal and was characterized by very low carbo-
hydrates (<30 g, 5%�6% of total energy) to induce ketosis, with a polyunsaturated/
unsaturated/saturated fat ratio of 3:2:1. The protein content of the EKD was similar to
that of an average Mediterranean diet (17%�18% of total calories). The average protein
intake for the ESDwas 86.5§ 5.5 g, whereas for the EKD it was 89.4§ 2.5 g.

Endpoints and outcomes

The primary outcomes were 30-d mortality, intensive care unit (ICU) admis-
sion, and need for continuous positive airway pressure; they were also considered
together in a combined outcome. Secondary outcomes were the effects of the EKD
on biological and inflammatory parameters, particularly IL-6.

Statistical analysis

The statistical analysis was performed using IBM SPSS Statistics, version
25.0 (SPSS Inc., Chicago, IL, USA). Kolmogorov�Smirnov analysis was used to
test the normality of the variables. The results of continuous variables are
expressed as median and interquartile range. For categorical variables, contin-
gency tables were used to indicate the frequency and percentage in the popula-
tion. For the comparison of continuous variables between different groups of
participants, non-parametric Kruskal�Wallis or Mann�Whitney tests were
used when appropriate. Nominal variables were examined with Pearson’s x2

test, and Spearman’s rank correlation index was used for correlations with con-
tinuous variables.

To adjust for baseline differences that are intrinsic in non-randomized stud-
ies, EKD participants (n = 34) were matched 1:2 to ESD participants (n = 68) by a
propensity score (PS; Table 1). Preliminarily, covariates or factors entered into
the model were identified by univariate statistical analysis, and the probability
value for inclusion was P � 0.05 between 445 and 34 individuals fed the ESD
and EKD, respectively. The PS was estimated by a logistic regression model
including variables that were significantly different between the two groups:
Charlson Comorbidity Index, lymphocyte count, aspartate aminotransferase,
and albumin as continuous variables, and the presence of diabetes, chronic pul-
monary disease, hematological neoplasia, and therapy with corticosteroids,
remdesivir, and tocilizumab as categorical data. Caliper levels of 0.8 were con-
sidered for PS.

An exploratory Cox regression analysis ignoring the risk of immortality bias
was proposed to estimate the effect of the EKD in comparison to the ESD on all
endpoints (30-d mortality, ICU admission, need for continuous positive airway
pressure, and the composite endpoint). Later, a Cox regression analysis consid-
ering the beginning of EKD as a time-dependent covariate was proposed to esti-
mate the effect of the different dietary regimens on all primary endpoints,
avoiding the immortality bias. In fact, because all ESD participants began their
diet at hospital admission, but EKD participants started their diet a few days
later, the ketogenic diet start was considered a time-varying covariate to avoid
immortality bias. The results are reported as hazard ratios (HRs) and 95% confi-
dence intervals (CIs). The period from hospitalization to the onset of each out-
come was considered for survival analysis.
Results

The demographic and clinical characteristics of the 102 partici-
pants are reported in Table 1. The median (interquartile range) age
was 67 (53�77) y, and no significant differences between groups
were detected for demographic characteristics, comorbidity history,
laboratory measures, concomitant pharmacotherapy, or P/F ratios.

In our experience, the overall COVID-19 mortality was
21.6% (22/102); in the ESD and EKD groups, it was respectively
27.9% (19/68) and 8.8% (3/34). A total of 14 of the 102 partici-
pants (13.7%) were admitted to the ICU; by group, the rate
was 19.1% (13/68) for the ESD group and 2.9% (1/34) for the
EKD group. The explorative Cox regression analysis showed a
significant association of both survival (P < 0.027) and the
need for the ICU (P < 0.025) with the different diets (Table 2).

The findings of the main Cox regression analysis are reported in
Table 3. The 30-d mortality in the survival analysis showed a trend
of lower risk in the EKD group than the ESD group (HR, 0.416; 95%
CI, 0.122�1.413), although this result did not reach statistical sig-
nificance (P = 0.160; Fig. 2A). Moreover, the EKD group had a trend
of association with lower admission to the ICU than the ESD group
(HR, 0.357; 95% CI, 0.045�2.847; P = 0.331; Fig. 2B). No signifi-
cantly different risks were detected between the two groups in the



Table 1
Demographic and clinical characteristics of participants after propensity score-matched main analysis

Variable Standard diet (n = 68) Ketogenic diet (n = 34) All participants (N = 102) P

Demographic statistics
Age, y 67 (54�77) 67 (52�76) 67 (53�77) 0.943
Sex, M/F 40/28 (58.8/41.2) 23/11 (67.6/32.4) 63/39 (61.8/38.2) 0.387
Comorbidities
Diabetes mellitus 7 (10.3) 1 (2.9) 8 (7.8) 0.193
Hypertension 32 (47.1) 15 (44.1) 47 (46.1) 0.779
Arteriosclerotic cardiovascular disease 27 (39.7) 13 (38.2) 40 (39.2) 0.886
Heart failure 3 (4.4) 2 (5.9) 5 (4.9) 0.746
Pulmonary disease 4 (5.9) 0 (0.0) 4 (3.9) 0.149
Solid neoplasia 7 (10.3) 1 (2.9) 8 (7.8) 0.193
Hematological neoplasia 4 (5.9) 5 (14.7) 9 (8.8) 0.139
Ulcerative disease 3 (4.4) 0 (0.0) 3 (2.9) 0.214
Moderate to severe liver disease 2 (2.9) 1 (2.9) 3 (2.9) 1.000
Dementia 3 (4.4) 1 (2.9) 4 (3.9) 0.718
Collagenopathy 1 (1.5) 0 (0.0) 1 (1.0) 0.477
Metastatic neoplasia 0 (0.0) 0 (0.0) 0 (0.0) 1.000
Hemiplegia 1 (1.5) 1 (2.9) 2 (2.0) 0.614
Charlson Comorbidity Index 3 (1�5) 3 (2�5) 3 (1�5) 0.838
Clinical features
P/F ratio 281 (205�323) 312 (166�384) 286 (188�348) 0.312
Laboratory values
White blood cells, million/m3 7.26 (5�10.58) 6.78 (5.3�8.96) 7.02 (5.09�10.06) 0.531
Lymphocytes, 100/m3 0.9 (0.6�1.3) 1.05 (0.74�1.32) 1.00 (0.69�1.32) 0.514
Platelets, 100/m3 213 (151�274) 233 (144�305) 221 (149�293) 0.616
Aspartate aminotransferase, UI/L 31 (23�58) 47 (24�73) 36 (23�66) 0.118
Alanine aminotransferase, UI/L 38 (23�47) 34 (24�46.5) 34 (23�47) 0.650
Ferritin, mg/L 737 (329�1204.5) 773 (326�1257) 771 (326�1207) 0.646
Interleukin-6, pg/mL 46.2 (27.85�94.35) 36.2 (18.3�108) 45.4 (21.5�101) 0.647
Albumin, g/L 27.05 (23.5�30) 30.75 (28.9�34.1) 28.95 (24.85�34.05) 0.065
Concomitant pharmacotherapy
Corticosteroid 51 (75.0) 29 (85.3) 80 (78.4) 0.233
Antibiotic 37 (54.4) 22 (64.7) 59 (57.8) 0.321
Hydroxychloroquine 42 (61.8) 19 (55.9) 61 (59.8) 0.568
Remdesivir 2 (2.9) 3 (8.8) 5 (4.9) 0.195
Tocilizumab 37 (54.4) 23 (67.6) 60 (58.8) 0.200

All values are expressed as median (interquartile range) or number (percentage)

Table 2
Cox regression of primary outcomes in EKD group versus ESD group (unadjusted for
the risk of immortality bias)

Outcome P HR 95.0% CI for HR

Lower Upper

Death 0.046 0.289 0.086 0.977
Intensive care unit 0.049 0.130 0.017 0.996
CPAP 0.476 0.802 0.436 1.472
Composite endpoint 0.082 0.602 0.340 1.066

CI, confidence interval; CPAP, continuous positive airway pressure; EKD, eucaloric
ketogenic diet; ESD, eucaloric standard diet; HR, hazard ratio.
Statistical significant values are in boldface.

4 S.G. Sukkar et al. / Nutrition 89 (2021) 111236
need for continuous positive airway pressure (EKD versus ESD: HR,
0.968, 95% CI, 0.289�3.242; P = 0.958) or the composite endpoint
(EKD versus ESD: HR, 0.674; 95% CI, 0.233�1.949, P = 0.446).
Table 3
Cox regression with time-dependent covariate of primary outcomes in EKD group
versus ESD group (adjusted for the risk of immortality bias)

Outcome P HR 95.0% CI for HR

Lower Upper

Death 0.160 0.416 0.122 1.413
Intensive care unit 0.331 0.357 0.0045 2.847
CPAP 0.958 0.968 0.289 3.242
Composite endpoint 0.446 0.674 0.233 1.949

CI, confidence interval; CPAP, continuous positive airway pressure; EKD, eucaloric
ketogenic diet; ESD, eucaloric standard diet; HR, hazard ratio
Compared to the ESD group, the EKD group had a median IL-6
difference of �51.8 pg/mL and a mean difference of �169 pg/mL
(data from 22 of the 34 sets). After IL-6 imputation into two bins—
D < 0 and D � 0, IL-6 trend, from day 0 to day 7, was almost signif-
icantly lower for patients who followed EKD (x2 = 3.698, df = 1;
P = 0.05447; Table 4, Fig. 3).

The EKD was safe, and no adverse events were observed in par-
ticipants who were fed it. In particular, acidosis was never
observed, and arterial pH at baseline was similar in both groups
(P = 0.100). At t7 (compared to t0), arterial pH had fallen by a simi-
lar percentage in both groups (57% versus 42%, P = 0.484). The
median variation of arterial pH was about +0.0075 in the ESD
group versus �0.0100 in the EKD group (P = 0.342).
Discussion

Nutritional status appears to be a relevant factor influencing the
outcomes of COVID-19, but little information has emerged about the
impact of early nutritional support in pre-ICU patients [20]. Surely
nutrition plays a pivotal role in the prevention of the comorbidities
most frequently associated with COVID-19, such as hypertension, car-
diovascular and cerebrovascular disease, and diabetes, which have
been noted as respectively twofold, threefold, and twofold higher in
ICU/severe cases than in non-ICU/severe ones [21].

Obesity is associated with a worse prognosis in people with
COVID-19, especially younger ones [4,5,22]. A hyperinflammatory
response has been recognized as the main cause of morbidity and
mortality in these people [23].



Fig. 2. Kaplan�Meier estimates (between control and treatment groups) stratified by time-varying start of ketogenic diet for (A) 30-d mortality and (B) need for intensive
care unit.
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A genetic substrate of CSS has been recently suggested, with
alpha1-antitrypsin deficiency alleles possibly contributing to
national differences in COVID-19 infection. The association
between alpha1-antitrypsin deficiency and severity and mortality
rates has not yet been defined, and the exact pathophysiological
mechanism that determines this process is unknown [24]. COVID-
19 CSS appears 8�10 d after the onset of symptoms of the disease
and is characterized by high fever, dyspnea, bilateral pulmonary
infiltrates that can evolve into ARDS, and multisystemic organ fail-
ure [25]. Effective treatments for COVID-19 and COVID-19 CSS are
needed immediately. Patient timing and selection seem to be par-
ticularly crucial in managing the acute phase of COVID-19.

There is a consensus that ketosis protects healthy tissues against
oxidative stress by simultaneously decreasing production of reactive
oxygen species and increasing endogenous antioxidant capacity [22].
It is well known that a ketogenic diet can inhibit inflammation.



Table 4
Variation in interleukin-6 from day 0 to day 7 (adjusted for the risk of immortality
bias)

ESD EKD

Increase 14 (58.3) 7 (30.4)
Decrease 10 (41.7) 16 (69.6)

EKD, eucaloric ketogenic diet; ESD, eucaloric standard diet
All values are expressed as number (percentage)
p-value = 0.05between ESD and EKD (Pearson's chi-squared test)
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Studies have shown that it reduces circulating inflammatory markers
in humans [26]. A KD, via hydroxybutyrate, is capable of activating
hydroxycarboxylic acid receptor 2, a G protein-coupled receptor
which inhibits nuclear factor kB in macrophages, dendritic cells, and
microglia and reduces neuroinflammation [27,28].

Finally, from a clinical point of view, previous experience
shows clinical improvement in respiratory function with a
ketogenic diet. After 10 d of modified protein-saving fasting (a
ketogenic diet with very low calorie content), a statistically sig-
nificant improvement in functional residual capacity and expi-
ratory reserve volume has been observed [28,29]. In addition, a
20-d ketogenic diet has shown a significant decrease in end-
tidal carbon dioxide tension [30].

As reported in the introduction, the use of corticosteroids is cur-
rently suggested by World Health Organization guidelines, and it is
actually the first approach in severe disease [9]. In our study, corti-
costeroid treatment was present in 75% of the ESD group and
85.3% of the EKD group. Tocilizumab was present in 54.4% of the
ESD group and 67.6% of the EKD group.

The antiinflammatory efficacy of the EKD was almost significant
and therefore seems independent of steroid or anticytokine treat-
ment with tocilizumab. In fact, the analysis of the course of IL-6 in
the first week of therapy highlights the almost significant variation
in IL-6 from the beginning to 7 d after the start of the EKD. Levels
of IL-6 did not increase but rather tended to be slightly reduced in
the EKD group (Table 4, Fig. 3). This trend underlines the fact that
after 1 wk, participants were at increased risk of COVID-19 CSS.
Dietary treatment is, in this regard, a possible immunomodulation
Fig. 3. Variation in interleukin-6 during
aimed mainly at the activity of macrophages without interfering
with antiviral clinical efficacy.

During the treatment, the participants did not present any
adverse events related to diet.

A limitation of the study is the lack of controlled randomization,
and it was conducted in a single hospital facility. A further limita-
tion is the number of participants (34 in the EKD group versus 68
in the ESD group), because recruiting was discontinued owing to
the absence of patients admitted from the end of July; therefore, it
is possible that the study was underpowered.

A strength of the study is the usefulness of the propensity score,
which, with the large hospital COVID-19 database (approximately
669 cases), allowed proper 1:2 matching, overcoming the absence
of controlled randomization.

The present study provides preliminary data for all participants who
were on an EKD during the epidemic period that ended at the end of
July. The preliminary multivariate analysis (Table 2) demonstrated a sig-
nificant association of both survival (P = 0.046) and the need for the ICU
(P = 0.049) with the EKD compared with the ESD. Indeed, as reported,
the rigorous statistical strategy used for the data analysis—even if retro-
spective—was based on the use of a Cox regressionwith time-dependent
variables and was developed to minimize the possibility of bias derived
from the administration of the ketogenic diet (compared to standard
hospital food) at different time distances from initial hospitalization.

Using the start day of the ketogenic diet as a “time-dependent” var-
iable means that participants are all considered at t0 as controls; only
when they begin the ketogenic diet are they considered cases. Through
this strategy, the effect of an adverse event or early outcome (in the
first days) affects the EKD group more, because the group is less
numerous; conversely, if such an early occurrence affects an ESD par-
ticipant, its statistical effect is greatly diluted. In scientific work this
strategy is not always applied, and there may be a statistical distortion
known as immortality bias inwhich this potential distortion is not con-
sidered and data are analyzed on static groups over the study period. In
fact, if we did not consider the ketogenic-diet variable as time depen-
dent, all our results would reach statistical significance (P < 0.05). On
the contrary, by eliminating the immortality bias and applying a rigor-
ous statistical analysis, we were not able to reject the null hypothesis
(P < 0.05). However, the results maintain a positive trend toward the
application of the ketogenic diet.
ketogenic diet versus standard diet.
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The reported data are therefore an exact picture of the actual
state, and the trends of reduced mortality, reduced need for ICU
admission, and reduced IL-6 between 0 and 7 d—although not sta-
tistically significant—suggest a possible alternative treatment to
the disease, in the absence of side effects, additional costs, and risks
for the patient.

Different from other studies in which nutrition is considered as
a support to drug therapy, this study is the first to underline the
role of clinical nutrition therapy as a pathophysiological support to
drug therapy in improving the prognosis of not only COVID-19 but
also other infectious diseases in which immunomodulation could
have a role in reducing hyperinflammation syndromes.

Conclusions

In conclusion, this retrospective pilot study provides valuable
preliminary information regarding the possible role of an EKD in
controlling mortality and ICU admission by means of the immuno-
modulation of COVID-19 CSS.

These data must necessarily be supported by further evidence
from a larger sample, and the randomized controlled prospective
clinical trial that began in September, with the recrudescence of
COVID-19 infection in Italy, could be particularly useful.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.nut.2021.111236.
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