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Abstract

Background: Coronavirus disease 2019 (COVID-19) results in several complications and mortality in ICU patients. The effect

of enteral nutrition on the survival of COVID-19 patients in the ICU has been investigated in limited instances. The aim of this

study is to investigate the association of enteral feeding with biochemical and pathological indices associated with mortality in

COVID-19 patients. Methods: This case-control study was conducted on 240 patients with COVID-19 hospitalized in the ICU

including 120 eventually dead patients as the cases and 120 discharged patients as the controls. All of the patients received

enteral nutrition. Data on general information, anthropometric measurements, and the results of lab tests were collected.

Results: The recovered patients received significantly more high protein (60.8% vs. 39.6%, P=0.004) and high volume (61.6%

vs. vs. 42.3%, P=0.005) formula compared to the dead patients. Mortality was inversely associated with high volume (OR:0.45

CI95%, P=0.008) and high protein formula (OR:0.42 CI95%, P=0.003). The results remained significant after adjusting for age

and sex. Further adjustment for underlying diseases and smoking, BMI, and APACHII did not change the results. Conclusion:

The findings of the study showed that there was a significant inverse association between mortality and high volume and high

protein formula in COVID-19 patients that warrants further investigation.

Introduction

Coronavirus disease 2019 (COVID-19) is a new respiratory disease that first appeared in Wuhan, China
(1). The COVID-19 disease has killed more than 5 million people globally (2) and has affected the lives of
millions of people around the world due to the quarantine of cities, business closures, and social distancing (3).
COVID-19 is associated with many health problems. One of these important complications is severe acute
respiratory syndrome (4). Since the outbreak of this contagious disease, the number of cases has increased
rapidly and it has affected all age groups and people all over the world (5). COVID-19 patients hospitalized
in the ICU often need mechanical ventilation and extracorporeal membrane oxygenation, which increases
treatment costs (6). The financial crisis caused by this virus causes mental problems and suicide among
people (7). The complications caused by this virus include pulmonary, cardiovascular, neuropsychiatric,
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hematologic, gastrointestinal, renal, endocrine, dermatologic, and musculoskeletal problems (8). However,
the mechanism of the effects of factors causing long-term complications of COVID-19 is not yet clear.

There are several factors that affect COVID-19 incidence such as age, lung disease, hypertension, heart
disease, kidney disease, or metabolic disorders. There are also other factors like physical distance, ventilation,
face masks, socioeconomic factor, vaccination, SARS-CoV-2 variants, and the availability of COVID-19
testing that are helpful in this virus prediction (9). In critically ill patients with Covid-19, the body’s
metabolism may experience severe disturbances. For example, the function of pancreatic beta cells is often
affected and the regulation of blood glucose is disturbed (10). Poor nutrition of critically ill patients may
be associated with increased length of stay in the intensive care unit (ICU) and higher mortality (11). Due
to the persistent pro-inflammatory immune response, the risk of nutritional stress such as malnutrition is
higher in patients with COVID-19.

Previous studies reported that enteral feeding does not necessarily improve the status of COVID-19 patients
(12). The results of one meta-analysis study indicated that early enteral nutrition is associated with a lower
risk of mortality and SOFA (Sequential Organ Failure Assessment) score compared with delayed enteral
nutrition in critically ill COVID-19 patients but it did not significantly (p >0.05) reduce the length of
hospital stay, length of ICU stay and days on mechanical ventilation compared to delayed enteral nutrition
or parenteral nutrition, respectively (13). Another meta-analysis showed that mortality was reduced in the
early enteral nutrition group compared with the delayed enteral group. It has also been indicated that enteral
nutrition may be the preferred route to enhance the integrity of the gut and promote immune function (14).
The present study aimed to investigate the association of enteral feeding with biochemical and pathological
indices associated with survival/mortality in COVID-19 patients.

Methods

Study Design and Participants

This case-control study was carried out from March 2021 to January 2022 on a total of 240 COVID-19
patients (120 patients eventually died after the study period and 120 patients were discharged) hospitalized
in the ICU department of Razi hospital, Rasht, Iran. All patients required enteral nutrition according to the
diagnosis of a specialist physician. Of these, some patients (n=121) as assessed by a dietitian, received the
required nutritional support containing high protein, and high-volume formula following the latest medical
guidelines. Also, 119 patients hospitalized in the ICU department of the same hospital received the standard
formula.

Data Collection

General information on the patient’s age, gender, height, weight, body mass index (BMI), length of stay
in the ICU, APACH II, GCS, volume of formula received, presence of chronic diseases, and smoking were
collected from the patient’s medical record.

Statistical Analysis

To compare the demographic, anthropometric, biochemical, and pathological indices of the two groups by
independent t-test and chi-square tests for quantitative and qualitative variables, respectively. The relation-
ship between enteral nutrition and mortality was investigated using logistic regression. The confounding
factors including age, gender, BMI, length of stay in the ICU, the Acute Physiology and Chronic Health
Evaluation (APACHE II), the Glasgow Coma Scale (GCS), presence of chronic diseases, and smoking were
adjusted in various regression models. SPSS 21 software was used for all statistical analyzes considering the
significance level of P<0.05.

Results

The general characteristics of the COVID-19 patients included in this study are presented in Table 1.
There was no significant difference between the two groups of patients (died versus recovered) for their

2
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age (55.24±15.46 vs. 58.49±15.08 years), BMI (26.69±3.86 vs. 27.46±4.46 kg/m2), and gender. However,
the patient group that died had a significantly higher APACHII and lower GCS compared to the control group
(both P<0.001). Also, the same group had significantly higher incidences of chronic disease and smoking
compared to the control group (P<0.01).

The comparison of the volume and type of formula received among the case and control groups is presented
in Table 2. The recovered patients received significantly more high protein (60.8% vs. 39.6%, P=0.004) and
high volume (61.6% vs. vs. 42.3%, P=0.005) formula compared to the dead patients.

The association between mortality with the volume and type of formula is presented in Table 3. Mortality
was inversely associated with high volume (OR:0.45 CI95%: 0.26-0.81, P=0.008) and high protein formula
(OR:0.42 CI95%:0.23- 0.75, P=0.003). The results did not change after adjustments for age and sex (model
2), further adjustments for underlying diseases and smoking (Model 3), further adjustments for BMI (Model
4), and additional adjustments for APACHII (Model 5) (Figure 1).

Discussion

The present study investigated the association between enteral feeding and survival levels in COVID-19
patients admitted to the ICU. The group of patients who survived had lower smoking and incidences of
chronic diseases compared with the group of patients who died during the experimental period. Our results
indicated that the mortality was inversely associated with high volume and high protein formula, after
adjustments for age and sex, underlying diseases, smoking, BMI, and APACHII.

Previous studies reported that there was a positive association between smoking and the mortality rate in
CODIV-19 patients (15). As evident in this study and those reported in the past, critical COVID-19 patients
may have a relatively high risk of sudden death due to the underlying comorbidities including cardiovascular
disease, chronic obstructive pulmonary disease (COPD), chronic kidney disease (CKD), and obstructive sleep
apnea-hypopnea syndrome (OSAHS). Also, the underlying comorbidities were reported to be associated with
higher in-hospital mortality (16) and lower survival rates (17).

The present study suggested an inverse relationship between mortality with high-volume and high-protein
formula use in COVID-19 patients. In line with this study, Martindale et al. recommend using a standard
high-protein ([?]20% protein) polymeric iso-osmotic enteral formula in the early acute phase of critical illness
(18). Martindale et al reported that enteral nutrition (EN) should be initiated early after admission to the
intensive care unit (ICU), while careful monitoring for gastrointestinal intolerance, hemodynamic instability,
and metabolic derangements are essential (18, 19). In addition, a recent retrospective study has shown
that early EN in paralyzed patients was associated with less hospital mortality, and there was no increase
in ventilator-associated pneumonia (20). However, some studies reported contradictory results where no
significant association between mortality and high protein formula was found (21). These results together
strongly emphasize the importance of enteral feeding for survival levels in ICU patients with COVID-19.
Hyperglycemia when occurring in a critical physiological state (22, 23) is likely to contribute to poor clinical
outcomes (24). Insulin resistance and hyperglycemia result in muscle protein breakdown (25, 26). Hence,
high-protein nutrition helps glucose control, reduces insulin requirements, improves muscle synthesis, and
provides substrates needed at the sites of tissue injury in critically ill patients (27, 28). The positive effect of
protein is also attributable to the maintenance of nitrogen balance and lean body mass (29) and its effect on
the production of neurotransmitters, glutathione synthesis, and other compounds required during the acute
infection phase (30).

Conclusion

The present study provides the first evidence for an association between enteral feeding with survival of ICU
patients with COVID-19. According to the findings of the study, there was a significant inverse association
between mortality and high-volume and high-protein formula. Prospective clinical trials and cohort studies
should be performed to establish a causal relationship between enteral feeding and mortality and survival in
ICU patients with COVID-19. If the results of the present study are confirmed in future research, it can be
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considered an effective strategy to reduce the mortality rate of these patients by recommending high-calorie
and high-protein formulas to patients admitted to the ICU.
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Table 1. Characteristics of the COVID-19 participants recovered and died after hospitalization
ICU

Parameters Controls
(Recovered) n=120

Cases (dead) n=120 P-value

Age (y) 55.24±15.46 58.49±15.08 0.139
Gender Gender Gender
Male 61 (50.7%) 58 (48%) 0.770
Female 59 (49.3%) 62 (53%) 0.770
BMI (kg/m2) 26.69±3.86 27.46±4.46 0.180
Length of stay in
ICU(d)

4.43±1.37 4.57±1.85 0.500

APACH II 30.17 ±5.52 32.9 ±4.09 <0.001
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GCS 9.60±1.84 7.91±0.83 <0.001
Volume of formula
received (ml/d)

632.88±214.34 425.04±24.93 0.173

Presence of chronic
diseases

18(24.0%) 66(44.6%) 0.003

Smokers 4(5.5%) 31(21.1%) 0.003

APACHE: Acute Physiology and Chronic Health Evaluation; BMI: body mass index; GCS: Glasgow coma
scale.

Table 2. The comparison of the volume and type of formula received among the case and control groups

Controls (Recovered) n=120 Cases (dead) n=120 P-value
Formula Type Formula Type Formula Type Formula Type
Standard 47 (39.2%) 72 (60.4%) 0.004
High protein 73 (60.8%) 48 (39.6%)
Formula volume Formula volume Formula volume Formula volume
<600 ml/d 46 (38.4%) 69 (57.7%) 0.005?¿?
600 ml/d 74 (61.6%) 51 (42.3%)

Table 3. The association between mortality with the volume and type of formula

High volume
([?]600ml/d)

High volume
([?]600ml/d) High protein High protein

OR (CI95%) P OR (CI95%) P
Model 1 0.45 (0.26-0.81) 0.008 0.42(.23- .75) 0.003
Model 2 0.42 (0.23-0.76) 0.004 .41(.23-0.74) 0.003
Model 3 0.44 (0.24-0.82) 0.010 0.43 (0.23-0.79) 0.007
Model 4 .445 (.24- .82) 0.010 .43(0.23-0.80) 0.008
Model 5 0.52 (0.27-0.97) 0.043 0.44 (0.23-0.84) 0.013

Model 1: Crude, Model 2: adjusted for age and sex, Model 3: further adjustment for underlying diseases
and smoking, Model 4: further adjustment for BMI, Model 5: further adjustment for APACHII

Figure 1. The effects of high-protein and high-volume formula on mortality in patients with COVID-19
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