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Background: Nutrition is an important prevention in old patients with COVID-19. However, in China, there are few studies on the
correlation between nutrition and COVID-19.

Methods: A total of 148 hospitalized COVID-19 (65.7 + 16.0 [range: from 21 to 101] years old) patients were enrolled in this study.
The information of demographic, biochemical results, vaccination doses, types of COVID-19, PCR test negative conversion time, and
scores of Mini Nutritional Assessment Short Form (MNA-SF) for evaluating nutritional status were recorded. We first explored the
relationships between MNA-SF performance and the severities of COVID-19 in the groups with non-vaccinated, vaccinated, and all
the patients using multivariable ordinal logistic regression. Further, we explored the relationships between performance of MNA-SF
and the time of negative conversion of PCR in the groups with non-vaccinated, vaccinated, and all the patients using COX proportional
hazards survival regression.

Results: Group of patients with malnutrition or at risk of malnutrition group was associated with older of the age, those who had not
been vaccinated, in fewer people who were asymptomatic type and in more people who showed longer of the negative conversion time
of PCR, lower of the BMI, and the lower of the hemoglobin level. Each additional increase of one point of MNA-SF was associated
with a 17% decrease in the odds of a worse type of COVID-19 in all patients, and the significant result exists in non-vaccinated
patients. One point increase of MNA-SF was associated with increased 11% of hazard ratios of turning negative of PCR and well-
nourished group was associated with increased 46% of hazard ratio of turning negative of PCR.

Conclusion: Higher nutrition is associated with less severity of COVID-19, especially in the non-vaccinated group. Higher nutrition
is also associated with shorter time of turning negative of PCR in non-ICU COVID-19 patients.
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Introduction

Coronavirus disease 2019 (COVID-19) is a serious global public health crisis. The virus is mainly transmitted between
people through contact routes and respiratory droplets. The rapid spread of COVID-19 globally is attributable to its long
incubation period, high transmission rate, and asymptomatic status among carriers.' In December 2022, China changed
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the prevention strategy of COVID-19, with a policy of strict control to open policy, which may lead to the epidemic of
diseases. Due to the general susceptibility of new coronaviruses, it is necessary to conduct in-depth research and evaluate
the impact of different risk factors on the prognosis of patients.

The key management of early stage COVID-19 includes infection prevention, early diagnosis, and immediate
isolation. Typical treatment of novel coronavirus pneumonia includes general supportive care, respiratory support and
nutritional support.” Antiviral drugs, vaccines, anti-SARS-CoV-2 antibody treatments, and convalescent plasma therapy
are all promising therapeutic strategies.” The COVID-19 epidemic is a challenge to the whole world. However, due to
different medical and economic conditions, the same vaccine and drug support strategy is not realistic. In order to
minimize the impact of COVID-19 on life, we need more preventions and interventions. For example, does sequential
vaccination with different vaccines have different effects on preventing infection and severe illness? In the absence of
vaccines and drugs, what treatment should be tailored to local conditions? In China, we have adopted methods of
isolating patients and close contacts in the past three years to reduce the spread of diseases. For the treatment of COVID-
19 infection, vital signs support strategies such as respiratory assistance are generally used. At that time, the application
of messenger RNA vaccines, multivalent vaccines, and small molecule antiviral drugs in China was not widespread. We
need to explore more effective treatment measures, and nutritional interventions have therefore come into our sight.
Because nutritional risk is a modifiable factor that can be reduced or controlled with early, individualized nutritional
therapy, identifying risk can help prevent worsening disease and improve patients’ prognoses.’ On the one hand, there
was evidence that COVID-19 is associated with high risk of malnutrition, primarily in older people.’ On the other hand,
it was reported that strengthening the nutritional status of COVID-19 inpatients may improve disease outcomes in older
adult patients.”*

The induction of immune response is essential for fighting against the coronavirus.” However, enormous secretion of
cytokines will also trigger hyperreaction, often leading to inflammation, lung damage, acute respiratory distress
syndrome (ARDS) and even development of pulmonary fibrosis.” So, maintaining the balanced function of the immune
system helps fight infectious diseases. Malnutrition in all its forms alters the immune response which is a driving force
for the prevention, treatment, and progression of COVID-19.° The effects of malnutrition and COVID-19 may be
bidirectional. The inflammatory response caused by infection leads to decreased appetite and altered intestinal absorp-
tion, limiting the intake, uptake, and utilization of macronutrients and key micronutrients, leading to malnutrition
accompanied by micronutrient deficiency. Malnutrition, in turn, can exacerbate inflammation regulation, damage immune
function, and increase the risk of infection.® The European Food Safety Authority (EFSA) evaluated and deemed six
vitamins (D, A, C, Folate, B6, B12) and four minerals (zinc, iron, copper and selenium) to be essential for the normal
functioning of the immune system. The optimal status of specific nutrients helps keep immune components within their
normal activity, then helps to avoid and overcome infections.’

Conducting early assessment of nutritional risk, defined as “chances of a better or worse outcome from disease or

surgery according to actual or potential nutritional and metabolic status”,’

can help determine the most appropriate
nutritional therapy and improve the immune response and prognosis of patients with COVID-19. There is scarce research
focusing on the relationship between nutritional risk and the outcomes in COVID-19 patients in a wide age range, as well
as the effects of nutritional status on patient outcome with different vaccination conditions in China. Therefore, we
conducted a study among COVID-19 patients hospitalized in non-intensive care units in China to assess the associations

between nutritional status and outcome.

Methods

Participants

A total of 148 hospitalized (non-ICU) patients who were admitted to Ruijin Hospital North, a designated hospital for
treating COVID-19, between April 2022 and June 2022 were enrolled in this study. Demographic information (age and
sex), biochemical results including fibrinogen, ferritin, haemoglobin, albumin protein, body mass index (BMI), vaccina-
tion doses, types of COVID-19 (asymptomatic type/mild type/ordinary type), time PCR negative conversion time, and
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scores of Mini Nutritional Assessment Short Form (MNA-SF) for evaluating nutritional status were recorded, and all of
the above data were collected within three days after COVID-19.

Patients who had a confirmed diagnosis of COVID-19, with an age >20 years, with no restriction on gender,
maintained stable physical status, able to complete the scale assessment independently, and had a good compliance
were included in this study. Patients were excluded if their conditions were critical or life-threatening, if they were unable
to understand the procedures and methods of this clinical study, or if they refused to participate.

MNA-SF

Newly revised MNA-SF was created by calculating all possible combinations of six questions from the full form of the
Mini Nutritional Assessment (MNA) and evaluating these versions of the MNA-SF against the complete version of
MNA. The MNA-SF test consists of six items that can be completed in less than 5 minutes: anthropometric measure-
ments (body mass index, weight loss); global assessment (mobility); dietary questionnaire and subjective assessments
(food intake, neuropsychological problems, acute disease). The total score of MNA-SF<I1 indicated malnutrition or
a risk of malnutrition, while a score of >11 indicated no malnutrition.®’

The investigation conformed to the Declaration of Helsinki. Written informed consent was received from the patients
themselves or their agents, and ethical approval was given by Ruijin Hospital affiliated to Medical College of Shanghai
Jiaotong University (No 2022-119). The registration number of this clinical study is ChiCTR2200064302.

Statistical Analyses

We first explored the associations between MNA-SF performance and disease severity of COVID-19 (asymptomatic/mild/
ordinary) by applying multivariable ordinal logistic regression. Then, we used COX proportional hazards survival regression to
explore the associations between MNA-SF performance and the negative conversion time of PCR. We adjusted for sex, age, and
vaccination situations (with or without vaccinations), which had previously been found to be associated with recovery from
COVID-19. We used MNA-SF scores and binary MNA-SF index (MNASF <11 or MNASF >11) in the above analyses. Then,
we applied Kaplan—Meier survival curve comparing different effects of nutritional status (MNASF <11 versus MNASF >11) on
the negative conversion time of PCR in patients. To explore further if there were different effects of nutritional performance in
patients with different vaccination conditions, we divided all patients into two groups: those that had no vaccination and those had
at least one dose of vaccination. We then performed multivariable ordinal logistic regression to explore the associations between
scores and binary indexes of MNA-SF and disease severity of COVIDS-19, and COX proportional hazards survival regression
was also applied to explore the associations between scores and binary indexes of MNA-SF and the negative conversion time of
PCR in the two vaccination groups, respectively. We adjusted for sex and age in these models. Odds ratios (ORs) and their 95%
confidence interval (CI) were presented for multivariable ordinal logistic regression, hazard ratios (HRs) and their 95% CI were
given for COX proportional hazard survival regression. We compared baseline characteristics of two nutritional groups using x2
for categorical variables, a two-tailed #-test for variables following a normal distribution (age and body mass index) or Mann—
Whitney U-test for variables which have a non-normal distribution. All the statistical analyses were performed with R v4.2.2.'°

Results

Baseline Participant Characteristics

We enrolled 148 patients (mean = SD age, 65.7 + 16.0 years; 75 [50.7%] were female) and stopped enrollment in June 2022
because of institutional restrictions resulting from the COVID-19 pandemic. China changed Shanghai’s epidemic prevention
policy at that time, resulting in a significant reduction in the number of cases, so we stopped enrollment. The baseline
characteristics of all patients are shown in Table 1. There were 64 patients who had been vaccinated between one and three
doses, while 84 patients who had not been vaccinated. Forty-eight patients in our study were of the asymptomatic type for
COVID-19, 64 patients were of mild type, and 36 patients were of ordinary type. The median time of PCR test negative
conversion was nine (IQR 5-15) days. The mean + SD value of BMI was 23.4 + 4.9 kg/m?, and median score of MNA-SF of all
the patients was 12 (IQR 10-13). There were 67 (45.3%) patients with MNA-SF score <11, and 81 patients (54.7%) with MNA-
SF score >11. We further divided the patients into a malnourished or at risk of malnourished group and a well-nourished group
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Table | Characteristics of COVID Patients. Values are Expressed as n (%), Mean + SD, or Median (Interquartile Range)

65.7£16.0

49.3%

84/64

48/64/36

9.0 (5.0, 15.0)

23.4+4.9

34 (30, 3.9)

149.3 (83.0, 311.5)

134.0 (119.2, 144.0)

39.0 (37.0, 42.0)

12.0 (10.0, 13.0)

67/81

according to their MNA-SF scores. We defined the malnourished or at risk of malnutrition group with MNASF <=11, and the
well-nourished group with MNASF >11. The characteristics of the two groups are shown in Table 2. Results showed that the
malnutrition or at risk of malnutrition group was associated with older age, more people who had not been vaccinated, fewer
people who were of the asymptomatic type and more people of the ordinary type, longer time for negative conversion of PCR,
lower BMI, and lower hemoglobin level.

Exploration of Associations Between Nutrition and COVID-19 Disease Severity
We calculated ORs and their 95% Cls of nutrition on COVID types in all COVID-19 patients, then divided the patients into
non-vaccinated (n = 84) and vaccinated groups (n = 64) and calculated the ORs in the two groups, respectively. Results showed

Table 2 Characteristics of COVID Patients in Malnourished or at Risk of Malnourished and Well-Nourished Groups

Age (years) 69.6+16.5 62.5+14.9 0.0077
Sex (n, male %) 33, 49.3% 40, 49.4% |
Vaccination dose (0/1~3, 0.5 mL for every dose which has 600SU covid- |9 antigen) (%) | 67.16%/32.84% 48.15%/51.85% 0.0310
COVID types (asymptomatic type/mild type/ordinary type) (%) 26.86%/38.81%/ 37.04%/46.9 1%/ 0.0340
34.33% 16.05%
Time of turning negative of PCR (d) 12.0 (7.0, 18.0) 8.0 (5.0, 13.0) 0.0017
BMI (kg/m?) 21.8+6.1 24.6+3.4 0.0021
Fibrinogen (mg/dL) 3.5(3.0,42) 3.5(3.0,42) 0.1767
Ferritin (ug/L) 214.9 (116.2, 333.2) 127.9 (75.5, 214.0) 0.0276
Hb (g/L) 127.0 (110.0, 139.0) 137.0 (125.5, 147.0) 0.0020
Alb (g/L) 38.0 (34.0, 40.0) 40.0 (38.0, 42.0) 7.452e-05
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that each additional increase of one point of MNA-SF was associated with a 17% decrease in the odds of a worse type of
COVID in all patients (OR = 0.83, 95% CI = 0.72-0.94), and both scores and binary index of MNA-SF showed significantly
decrease severity of COVID-19 in non-vaccinated group (OR = 0.80, 95% CI = 0.68-0.93, and OR = 0.39, 95% CI = 0.17—
0.88 in the two groups respectively), while results were not significant in the vaccinated group (Figure 1). All the ORs and their
95% ClIs of the confounders in each model are presented in Supplements 1-4.

We calculated HRs and their 95% Cls of nutrition on negative conversion time of PCR in all COVID-19 patients, then
divided the patients into non-vaccinated (n = 84) and vaccinated groups (n = 64) and calculated the HRs in the two
groups, respectively. Results showed that each additional increase of one point of MNA-SF was associated with 11%
PCR negative conversion PCR (HR = 1.11, 95% CI = 1.03-1.20) and being well nourished was associated with 46%
PCR negative conversion (HR = 1.46, 95% CI = 1.03-2.06) in all patients (Figure 2). Figure 3 shows the Kaplan—-Meier
curves by MNA-SF scores (<I1 vs >11). However, there were no significant results in either non-vaccinated or
vaccinated group (Figure 2); this may be due to the small sample size of each sub-group. All HRs and their 95% Cls
of the confounders in each model are presented in Supplements 5-8.

ml OR (2.5%Cl, 97.5%Cl)
Non-vaccination H
patients —— 0.8 (0.68, 0.93)
(N=84)
Vacccination patients 5 ————— 1.06 (0.79, 1.42)
(N=64) |2 i
All patients ——— 0.83 (0.72, 0.94)
(N=148) :
Non-vaccination —— 0.39 (0.17, 0.88)
patients :
(N=84) |_
Vacccination patients f 1.09 (0.39, 3.03)
(N=64) |2
All patients —h 0.55 (0.29, 1.03)
(N=148) :

0 1 2 3 4
OR of MNASF for COVID types in different vaccinational groups

Figure | Associations between scores and binary index of MNA-SF and COVID-19 types in non-vaccination group, vaccination group, and in all patients.

HR (2.5%Cl, 97.5%Cl)

Non-vaccinz_ation .
patients !
(N=84)

1.09 (1, 1.18)

Vacccination patients

——i 1.18 (0.99, 1.4)
(N=64) 1

MNASF score

All patients fe—i 111 (1.03, 1.2)
(N=148) ‘

Non-vaccination
patients
(N=84)

1.44 (0.91, 2.28)

Vacccination patients
(N=64)

1.35 (0.79, 2.3)

MNASF<=11 or >11

All patients 1.46 (1.03, 2.06)
(N=148) ;

1 2 3
HR of MNASEF for turning negative of PCR in different vaccinational groups

Figure 2 Associations between scores and binary index of MNA-SF and PCR negative conversion time in non-vaccination group, vaccination group, and in all patients.
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MNASF>11 81 30 8 1 0

Figure 3 Kaplan—Meier survival curves comparing time of PCR negative conversion of MNASF<=11 vs MNASF>11 groups. Shading represents 95% Cls.

Discussion

At present, there is no gold standard for assessing the risk of malnutrition, and professionals generally adopt different
screening scales for various studies.® Different nutrition screening scales like MNA-SF, Nutrition Risk Screening 2002 (NRS
2002), Nutrition Risk Index (NRI) have different advantages and disadvantages. MNA-SF had higher sensitivity and
demonstrated better predictive validity for poor appetite and weight loss.* NRS 2002, MNA-SF and NRI are useful and
practical tools with respect to screening for patients with COVID-19 who are at nutritional risk, as well as in need of additional
nutritional intervention.” So far, no measurement tool has been considered to be the best nutrition screening tool in older adults
with COVID-19.* We have adopted the Mini Nutritional Assessment-Short Form (MNA-SF) because it is easy to use in
clinical practice as it contains only six items including decrease in food intake, weight loss, mobility, psychological distress or
acute disease, neuropsychological problems, and body mass index.’ The sensitivity, specificity and diagnostic accuracy of
malnutrition prediction were 97.9%, 100% and 98.7%, respectively, using a cut-off of 11 in MNA-SF.®

Our results revealed that malnutrition or at risk of malnutrition was associated with older age. One reason is that the
physiological decline of food intake is very common in the elderly."’ The elderly themselves face a high risk of malnutrition
also because of the diversity of their complications. For this segment of the population, nutritional intervention should be taken
to address the current situation of nutritional deficiency and promote a healthy lifestyle. Our results showed that the
vaccination rate was lower in the malnutrition or at risk of malnutrition group who were older. The elderly population often
had the problem of decreased immunity.'>'* These findings suggest that there is a need to strengthen guidance in clinical
practice and improve the vaccination proportion of this segment of the population.

A previous study has suggested that underweight (BMI <18.5) increased the risk of in-hospital mortality in patients
with COVID-19, and malnutrition (0—7 points) increased the risk of in-hospital mortality in patients with COVID-19 and
other causes.'* Our study suggests that MNA-SF scores were significantly associated with symptom relief in COVID-19
non-ICU patients and higher MNA-SF scores were associated with better prognosis, which were consistent with other

studies.'®"
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Nutrition is one of the important factors that determine the immune response of the human body, and good nutritional
status helps to support immune function. On the contrary, malnourished people may have impaired immunity, which
increases their susceptibility to infection,'® and the infectious disease may progress to more serious states; for example,
the asymptomatic type may progress to the ordinary type. The normal operation of the immune system requires a much
nutritional support, such as providing energy for the efficient function of the immune system, building blocks for the
generation of RNA and DNA, the production of proteins and new cells, specific substrates for the production of immune-
active metabolites, and regulators of immune cell metabolism.'® Therefore, an adequate amount of nutritional support is
needed in patients with COVID-19.

Moreover, malnutrition is associated with inflammation and oxidative stress, which in turn affects the immune
system. Maintaining the optimal state of protein, vitamin A, zinc, vitamin C, vitamin E, vitamin D and other related
nutrients can effectively reduce inflammation and oxidative stress, thus playing a beneficial role in interfering with viral
cell infection, optimizing antibody production, anti-inflammation, and anti-oxidation.'® Although the MNA-SF scale has
no options for specific intake of protein, energy and vitamins, its assessment of food intake may indicate the nutritional
support deficiencies of patients to some extent.

Many modifiable factors such as stress, physical fitness, frailty, body fatness and diet also affect the immune
response.'® Frailty may influence adverse outcomes following infection with Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2).'” It follows, therefore, that those with a weak immune system should minimize their
contact with the general population to reduce the risk of COVID-19 infection.'® MNA-SF also includes options of weight
loss, mobility, and body mass index, which are also related with the patient’s degree of weakness.

On the other hand, the obesity paradox is widespread among the elderly.'® Our previous research showed the
correlation between vascular function and obesity paradox.'”?® Interestingly, the obesity paradox also exists in
COVID-19 patients. Patients with lower BMI had a worse prognosis.'* The average age of our study population was
65.7 years. The relationship between weight and physical health is complex for these segments of the older population.
Central fat and relative loss of fat-free mass may become relatively more important than BMI in determining the health
risk associated with obesity in the elderly.?' In the future, it can be considered to include body assessment indicators
other than BMI (such as fat-free weight, muscle strength, grip strength) into the nutritional assessment to reduce the
impact of confounding factors and better identify whether the obesity paradox exists in COVID-19 patients.

Harmful health behaviors, such as overeating, sedentary behavior with reduced physical activity, elevated alcohol and
tobacco use, impaired sleep, are not only related to non-infectious diseases but also interfere with immunity.> The
options included in MNA-SF such as psychological distress or acute disease, neuropsychological problems may reflect
the patient’s stress and some lifestyles. In the future, we can consider to further evaluate the mental and behavioral
factors of patients and analyze their impact on the risk of COVID-19.

Our results also revealed that MNA-SF performance was related to the time of PCR negative conversion in COVID-19
patients. The higher the score, the shorter the time of negative conversion. Moderate-quality evidence suggests that dietary
patterns and individual nutrients can influence systemic markers of immune function.* A variety of diets and nutrients may
provide anti-inflammatory and immunomodulatory effects on cardiovascular diseases, pulmonary diseases, and a variety of
non-infectious diseases.”> For COVID-19 infection, these effects may still exist. COVID-19 mortality risk correlates with
vitamin Dj status, and a mortality rate with close to zero could theoretically be achieved at 50 ng/mL 25(OH)D5.**
Sufficient 25(OH)Dj; level may prevent or mitigate new outbreaks due to escape mutations or decreasing antibody activity.
Adequate supplement of zinc, selenium and vitamin D can resist virus infection, improve immune function and reduce
inflammation.”* Although our study did not provide parameters of nutritional elements for patients, a good MNA-SF score
may indicate if the patient has adequate dietary intake including trace elements which may be beneficial to disease
improvement. The effects of trace elements on immunity and inflammation will make PCR turn negative more quickly.

Interestingly, our study suggests that good nutritional status can significantly reduce the disease severity of COVID-19
patients in the non-vaccinated group. There were no significant correlations in the vaccinated group. Considering there is

approximately around 10% of the population in China who did not receive vaccinations,?®

supplement of nutritional
supplementation could be critical for decreasing the disease severity of COVID-19 in non-vaccinated patients. Reasons

for refusing to accept vaccinations are complex, including concerns about side effects of vaccines, perceived need for more
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clinical studies on the effectiveness and safety of the vaccines, and personal beliefs.”” Clearly, vaccination is an important
preventive measure for symptomatic and severe COVID-19. Vaccine promotion activities should be carried out, and the
elderly and other high-risk groups should be encouraged to participate in the vaccination programs. We should resolve
misunderstanding through publicity and improve the level of awareness of COVID-19 infection and vaccines. The unin-
oculated population may have more complications and worse nutritional status, which also lead to patient hesitation to
partake in vaccinations. Based on the interaction of relevant factors, more large-scale studies to assess the complex
relationships within vaccines, nutritional status and disease severity of COVID should be further conducted.

As far as we know, there are only a few studies that have evaluated the nutritional risk and the severity of COVID-19
in Chinese patients.’’ Due to different immunization strategies in different countries, the basic health status of the
population also varies. It is undoubtedly of great significance to understand the correlation between the nutritional status
of Chinese people and the severity of COVID-19 and to carry out nutritional intervention research in the future. Due to
the scarcity of relevant research, our research may have certain advantages.

There are two main limitations of this study: The sample size of our study was small, and ICU patients with severe
diseases were excluded. As the designated hospital in Shanghai to treat COVID-19 patients, we included as many high-
quality samples as possible during the pandemic, but based on the epidemic time and policy changes, the research was
carried out for a short time. In the future, a large sample size study which includes the entire disease severity of COVID-19
can be managed to assess the effects of nutrition on outcomes of patients with COVID-19.

Conclusion

Based on past long-term risk control measures, during this round of the Shanghai epidemic, we face significant
challenges - a lack of experience in the application of mRNA vaccines and drugs. In the context of such a large-
scale epidemic and temporary lockdown, nutrition is a promising intervention measure. Our study suggested that
the group of patients with malnutrition or at risk of malnutrition is associated with older individuals, less
vaccinated individuals, fewer asymptomatic types, and more individuals with longer PCR negative conversion
times, lower BMI, and lower hemoglobin levels. With the increase of MNA-SF, the probability of all patients
suffering from COVID-19 reduced. In conclusion, higher nutrition is associated with lower severity of COVID-19,
especially in the non-vaccinated group. Higher nutrition is also associated with shorter time of PCR negative
conversion in non-ICU COVID-19 patients. Adequate nutritional support is important for patients with COVID-19,
especially for those who did not receive vaccinations.
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