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Abstract. Background and aim: This study aims to investigate the relationship between nutritional risk at hos-
pital admission and its effect on severe outcomes and length of hospital stay in hospitalized COVID-19 pa-
tients, both with and without comorbidities. Methods: This prospective cohort study included 103 COVID-19 
patients hospitalized at King Salman Specialist Hospital in the Ha’il region of Saudi Arabia. Of 600 eligible 
patients contacted, 103 consented to participate, representing one of the first comprehensive investigations 
of nutritional risk in COVID-19 survivors in this region. Retrospective data were obtained from patient 
records at admission, covering sociodemographic details, clinical characteristics, symptoms, anthropometric 
measurements, nutrition-related laboratory results, and length of hospital stay. The Malnutrition Screening 
Tool was used to evaluate malnutrition risk at admission and follow-up, while body mass index was calculated 
using height and weight measurements taken at these time points. Results: Body mass index was not uniformly 
observed across all categories. Significant increase in Calcium (p-value 0.0001) was noted between admission 
and follow-up visits in COVID-19 patients. Ferritin levels were significantly decreased and associated with 
admission and follow-up only in patients without comorbidities (p-value 0.002). Although albumin levels 
differed significantly across all participants (p-value 0.0001), total protein levels did not show significant 
variation in comorbidities group. Additionally, moderate disease severity was strongly associated with longer 
hospital stays (p-value 0.0001). Conclusion: Several factors, including abnormal biomarkers and moderate case 
severity, were identified as potential influences on nutritional risk at hospital admission and its long-term ef-
fects on COVID-19 survivors.
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Introduction

On March 11, 2020, the World Health Organi-
zation (WHO) declared Coronavirus Disease 2019 

(COVID-19) caused by the severe acute respiratory 
syndrome coronavirus (SARS-CoV-2) as a global pan-
demic (1) Coronavirus has had a significant impact on 
global demography with millions of COVID-19 cases 
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and associated deaths by spreading quickly throughout 
the world (2). COVID-19 is a contagious respiratory 
illness characterized by fever, exhaustion, coughing, 
and elevated breathing rates (3). In addition to the 
respiratory system, it can affect other organs, which 
impairs mental and nutritional health and lowers the 
patients’ quality of life. Infectious disease outcomes 
may ultimately be influenced by the nutritional status 
of those affected (4). In COVID-19, the symptoms 
may vary from asymptomatic to mild with pneumonia 
and can extend to acute respiratory distress syndrome 
to multiple organ failure and, in later stages, can be 
fatal (5,6). Fever, sore throat, coughing, nasal cold, 
shortness of breath, pain during breathing, general 
malaise, fatigue, headache, muscle ache, stomachache, 
decreased appetite (anorexia), altered taste (ageusia), 
decreased smell (anosmia), nausea, vomiting, and di-
arrhoea are just a few of the symptoms and compli-
cations that patients with COVID-19 infections may 
experience (7,8) .The exact cause of this wide range 
of symptoms among COVID-19 patients is unknown, 
but old age, male gender, pre-existing comorbidities, 
and poor nutritional status are thought to increase 
the risk of developing a severe COVID-19 infection 
(9,10). Additionally, some sociodemographic traits 
such as educational attainment, along with nutrition-
related traits such as appetite loss and overweight/
obesity, have been linked in studies to negative health 
outcomes in COVID patients (11,12). In COVID-19 
infection, acute pulmonary complications require 
hospitalization in most cases and in the case of se-
vere symptoms, management in an intensive care unit 
(ICU) is often required (13). Globally, malnutrition, 
especially protein-energy deficiency, is the main con-
tributor to immunodeficiency (14). Nutritional status 
is crucial in all stages of COVID-19, particularly in 
people who are prone to experiencing adverse effects 
such as the elderly or patients with comorbidities (15). 
The incidence of COVID-19 is high in people with 
poor nutrition or malnutrition (16). The in-patient 
population faces a significant threat from malnutri-
tion. Research indicates that almost all hospitalized 
patients, including those with COVID-19, exhibit 
inadequate nutritional status upon admission (17,18). 
In a study conducted recently, it was found that 42% 
of the patients in the nursing ward and 67% of the 

patients in the ICU who were admitted to the hospital 
due to COVID-19 were malnourished (19). During 
an infection, maintaining a proper nutritional status is 
considered crucial because nutrition plays a vital role 
in supporting the immune system and regulating im-
mune function (20).

Malnutrition in patients is associated with reduced 
levels of lymphocytes, prealbumin, and albumin (20), 
and is strongly correlated with a heightened likelihood 
of ICU transfer (21), compromised immune func-
tion, increased susceptibility to infections (18), pro-
longed hospital stays (22), and a poor prognosis (23).  
During an infection, maintaining a proper nutritional 
status is crucial because nutrition plays a vital role in 
supporting the immune system and regulating im-
mune function (24,25). Despite research addressing 
the possible mechanisms and associations between 
malnutrition and COVID-19 (26,27), nutritional as-
sessment has not been widely included in the clinical 
practice or the official guidelines of COVID-19 care 
(28,29), There are little data on the prevalence of mal-
nutrition or risk of malnutrition among patients with 
COVID-19, depending on various population set-
tings, despite the fact that characterising malnourished 
patients with the virus is essential for managing the 
diagnosis, treatment, and overall patient care. Thus, the 
objective of this study is to investigate the relationship 
between nutritional risk at hospital admission and its 
impact on COVID-19 survivors.

Materials and Methods

Study design

This prospective cohort study enrolled 103 
COVID-19 patients hospitalized at King Salman 
Specialist Hospital in Ha’il region, KSA, between  
January 2021 and July 2023. Patients were confirmed 
with SARS-CoV-2 infection through the polymer-
ase chain reaction (PCR) testing. A comprehensive 
screening of 2700 electronic medical records identified 
eligible participants based on inclusion criteria, such as 
age, residence, and medical history. Exclusion criteria 
included pregnancy, age under 18, pre-existing condi-
tions such as cancer, immunodeficiency, or renal failure, 
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and any other condition deemed unsuitable by the in-
vestigators. A total of 600 eligible patients were invited 
via phone call, with 103 consenting to participate. Data 
on hospital admission was retrospectively collected 
from patient records, about sociodemographic infor-
mation, clinical details, symptoms, anthropometric 
measurements, nutrition- related laboratory tests, diet, 
and length of hospital stay. Patients who agreed to par-
ticipate were invited for a post-COVID-19 follow-up 
visit, during which anthropometric measurements and 
nutritional laboratory tests were repeated. The MST 
is specifically designed as a screening tool for nutri-
tional risk rather than a comprehensive nutritional 
assessment, focusing on recent unintentional weight 
loss and reduced food intake due to poor appetite. 
This approach aligns with European Society for Clini-
cal Nutrition and Metabolism (ESPEN) guidelines, 
which recommend validated screening tools like MST  
for initial nutritional risk assessment in hospitalized pa-
tients (30). Body mass index (BMI) was calculated from 
height and weight measurements taken at admission 
and follow-up of COVID-19 nutritional research (31).  
A recent systematic review and meta-analysis by  
Feng X et al. (2022) examining malnutrition risk in 
hospitalized COVID-19 patients analyzed 17 studies 
that used the Nutrition Risk Score (NRS-2002) as the 
assessment tool, with sample sizes ranging from 27 to 
760 participants. Notably, 41% of studies included in 
this high-quality systematic review had sample sizes 
of 101 or fewer participants, demonstrating that stud-
ies of our size have made meaningful contributions to 
literature (32). Our sample size falls within the estab-
lished range and provides adequate power for detect-
ing clinically meaningful differences, as evidenced by 
the successful detection of significant associations in 
the meta-analysis pooled data. Furthermore, the sys-
tematic review identified a significant geographical 
research gap in Middle Eastern populations, mak-
ing our study a valuable contribution to addressing 
this limitation in the global COVID-19 malnutrition  
literature (32).

Statistical analysis

Data were analyzed using IBM SPSS Statisti-
cal software for Windows, version 26.0 (IBM Corp., 

Armonk, N.Y., USA). Descriptive statistics including 
means, standard deviations, frequencies, and percent-
ages were used to describe the quantitative and cate-
gorical variables. The student’s t-test for paired samples 
was used to compare the mean values of quantitative 
variables (such as weight, BMI, and all clinical param-
eters) between two observation points (at admission 
and during the follow-up visit). McNemar’s Chi-square 
test was utilized to compare the paired proportions. 
The statistical significance and precision of results were 
reported using a p-value of <0.05 and 95% confidence 
intervals. Multivariate regression analysis was not per-
formed due to sample size limitations. According to 
Green’s (1991) guidelines for regression analysis, our 
sample size of 103 participants, when stratified by co-
morbidity status (71 vs 32), would risk overfitting and 
unstable estimates if multiple predictors were included 
in regression models. The descriptive and bivariate 
analyses provide essential foundational data for this 
understudied population (33).

Ethical consideration

This study has been approved by the Research 
Ethics Standing Committee (REC) at University of 
Ha’il (H-2021-251). Participants provided informed 
consent prior to participating. This ensured that they 
fully understood the study’s purpose, procedures, po-
tential risks, and benefits. To safeguard participant 
privacy, all data collected are kept strictly confidential 
and anonymized. Access to the data is restricted to au-
thorized researchers, and appropriate measures were 
implemented to protect it from unauthorized access or 
disclosure.

Results

Table 1 presents the sociodemographic char-
acteristics of the 103 study subjects infected with 
COVID-19, categorized by the presence or absence 
of comorbidities. Among these subjects, 58.3% were 
over 50 years of age. Of the 71 subjects with comor-
bidities, 70.4% were over 50 years. Gender distribu-
tion was even, but males with comorbidities (53.5%) 
outnumbered females with comorbidities (46.5%). 
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Table 1. Distribution of sociodemographic characteristics of study subjects infected with COVID-19 (n=103)

Characteristics
With

Comorbidities (n=71)
Without comorbidity 

conditions (n=32) 
All participants

(n=103)

Age groups (years)

18-29 3 (4.2) 3 (9.4) 6 (5.8)

30-39 6 (8.5) 6 (18.8) 12 (11.7)

40-49 12 (16.9) 13 (40.6) 25 (24.3)

50-59 23 (32.4) 6 (18.8) 29 (28.2)

60-74 22 (31.0) 3 (9.4) 25 (24.3)

75 and above 5 (7.0) 1 (3.1) 6 (5.8)

Gender

Male 38 (53.5) 14 (43.8) 52 (50.5)

Female 33 (46.5) 18 (56.3) 51 (49.5)

Education Level

None 19 (26.8) 4 (12.5) 23 (22.3)

Primary 11 (15.5) 2 (6.3) 13 (12.6)

Intermediate 6 (8.5)  5 (15.6) 11 (10.7)

High school  16 (22.5)  6 (18.8) 22 (221.5)

College/University  16 (22.5)  12 (37.5) 28 (27.2)

Postgraduate  3 (4.4) 3 (9.4)  6 (5.8)

Marital status

Married 62 (87.3) 24 (75.0) 86 (83.5)

Divorced 1 (1.4) 4 (12.5) 5 (4.9)

Widowed 5 (7.0) 2 (6.3) 7 (6.8)

Never married 3 (4.2) 2 (6.3) 5 (4.9)

Working status

Government employee 16 (22.5) 13 (40.6) 29 (28.2)

Non-government employee 5 (7.0) 7 (21.9) 12 (11.7)

Self-employed 2 (2.8) 2 (6.3) 4(3.9)

Retired 15 (21.1) 2 (6.3) 17 (16.5)

Unemployed 33 (46.5) 8 (25.0) 41 (39.8)

Monthly income (in SR)

<=10,000 46 (64.8) 21 (65.6) 67 (65.0)

10,001 to 15,000 21 (29.6) 10 (31.3) 31 (30.1)

>20,00 4 (5.6) 1 (3.1) 5 (4.9)

Data was represented as frequencies and percentages, n (%).

A higher proportion (83.5%) of subjects were mar-
ried, with an even greater proportion (87.3%) among 
those with comorbidities. Education level data re-
vealed that 26.8% of participants with comorbidities 
had no formal education, compared to 12.5% of those 

without comorbidities. College/university education 
was more common among participants without co-
morbidities (37.5%) than those with comorbidities 
(22.5%). Regarding employment status, unemployed 
participants with comorbidities were observed to be 
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Table 2. Distribution of characteristics related to COVID-19 in study subjects

Characteristics
With comorbidities

 (n=71)
Without comorbidities

 (n=32)
All participants

 (n=103)

No. of times of COVID-19 diagnosed

1 64 (90.1) 26 (81.3) 90 (87.4)

2 5 (7.0) 4 (12.5) 9 (8.7)

3 2 (2.8) 2 (6.3) 4 (3.9)

Admission Unit

Medical 66 (93.0) 30 (93.8) 96 (93.2)

ICU 5 (7.0) 2 (6.3) 7 (6.8)

Length of Hospital stay (in days)

≤14 54 (76.1) 30 (93.8) 84 (81.6)

>14 17 (23.9) 2 (6.3) 19 (18.4)

Case Severity

Moderate 58 (81.7) 27 (84.4) 85 (82.5)

Severe 13 (18.3) 5(15.6) 18 (17.5)

Smoking

Yes 7 (9.9) 2 (6.3) 9 (8.7)

No 64 (90.1) 30 (93.8) 94 (91.3)

Data was represented as frequencies and percentages, n (%).

of significant proportion of subjects (46.5%), while 
both self-employed and retired were the least (6.3%). 
Additionally, two-thirds (65%) of the subjects had a 
monthly income of ≤ 10,000 SR.

Insights into how COVID-19 affected par-
ticipants are shown in Table 2. Among the 103 study 
subjects, (87.4%) were diagnosed with COVID-19 
once, while (12.6%) experienced multiple infections. 
Only seven participants required ICU admission, five 
of them had comorbidities. A prolonged hospital stay 
(more than 14 days) was reported in 19 (18.4%) of the 
total subjects, with 17 of these cases (23.9%) occurring 
among those with comorbidities. In terms of disease se-
verity, the majority of participants (82.5%) experienced 
moderate COVID-19, with similar rates observed 
across both groups. Severe cases were reported in 18 
participants (17.5%), including only five individuals 
(15.6%) without comorbidities. Most participants were 
non-smokers, accounting for 94 individuals (91.3%), 
including 64 (90.1%) among those with comorbidities.

Figure 1 shows the prevalence of chronic dis-
eases and comorbidities among participants, diabetes 

being the most prevalent condition, affecting 57 par-
ticipants (43.85%), followed by hypertension, Asthma, 
hypothyroidism, and Cardiovascular were reported 
in (27.69%, 10.77%, 9.23%, and 6.92%) respectively. 
While hyperthyroidism was the least prevalent condi-
tion, recorded in only 2 participants (1.54%).

Table 3 compares the anthropometrics and mal-
nutrition scores of all subjects at their admission and 
follow-up visits. In patients with comorbidities, the 
mean weight at admission was 84.08 ± 16.80 kg, which 
decreased to 82.53 ± 16.75 kg during follow-up, al-
though this change was not statistically significant  
(p = 0.415). Moreover, the mean BMI remained con-
stant at 31.28 ± 6.57 kg/m² (p = 0.463). In contrast, 
patients without comorbidities, the mean weight in-
creased slightly from 82.58 ± 19.42 kg at admission to 
84.65 ± 18.98 kg during follow-up, but this variation was 
also not statistically significant (p = 0.411). The mean 
BMI increased insignificantly from 29.68 ± 6.67 kg/m² 
to 30.35 ± 6.29 kg/m², without statistical significance  
(p = 0.461). Further analysis of weight status revealed 
notable shifts between admission and follow-up. 
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Figure 1. Types of chronic diseases and comorbidities prevalent among the participants (n=130)

Among participants with comorbidities, none were 
classified as underweight at admission; however, this 
increased to 2.8% at follow-up. Additionally, the pro-
portion of individuals with obesity decreased from 
66.2% to 54.9%. In contrast, among participants with-
out comorbidities, no underweight individuals were 
observed at either time point, while the prevalence 
of obesity increased from 43.8% to 53.1%. The risk 
of malnutrition was evaluated among the participants 
at admission and during the follow-up visits. Among 
patients with comorbidities, the percentage of indi-
viduals at risk of malnutrition increased at time of ad-
mission from (23.9%) to (46.5%) at follow-up, while 
the proportion of patients not at risk of malnutrition 
declined from (76.1%) to (53.5%). In contrast, for pa-
tients without comorbidities, the likelihood of mal-
nutrition risk decreased from (50.0%) at admission to 
(34.4%) during follow-up. The proportion of patients 
not at risk of malnutrition increased from (50.0%) to 
(65.6%).

As shown in Tables 4 and 5, the comparison of 
mean clinical parameters at admission and follow-up 
for participants with and without comorbidities re-
vealed several statistically significant differences. Key 
parameters that increased included potassium, calcium, 
blood urea nitrogen (BUN), albumin, bilirubin, lym-
phocytes, haematocrit and platelet count. Conversely, 
HbA1c, ferritin, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), gamma-glutamyl 

transferase (GGT), and neutrophils showed significant 
decreases.

Table 6 presents the association between length 
of hospital stay and various clinical and demographic 
variables. Analysis revealed that COVID-19 patients 
who remained hospitalized for more than 14 days were 
significantly older, with a mean age of 61.84 years,  
compared to 50.39 years for those with hospital stays 
of 14 days or less (p = 0.001). In contrast, there were 
no statistically significant differences in BMI at ad-
mission or gender between the two groups. Case se-
verity played a major role in determining hospital 
stay duration. Among patients with moderate sever-
ity cases, 91.8% had shorter hospital stays, while only 
8.2% experienced prolonged stays. Conversely, among 
patients with severe COVID-19, 66.7% had longer 
stays, and only 33.3% had shorter stays. association 
was highly significant (p < 0.0001). The presence of 
comorbid conditions also influenced hospital stay 
length. Patients with comorbidities were more likely to 
have extended hospitalizations (23.9%) compared to 
those without comorbidities (6.3%), a difference that 
was statistically significant (p = 0.032). Interestingly, 
the risk of malnutrition at admission didn’t show a sig-
nificant association with hospital stay length. Among 
patients not at risk of malnutrition, 80.0% had shorter 
hospital stays, while 84.8% of those at risk also experi-
enced shorter stays. This difference was not statistically 
significant (p = 0.554).
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Table 3. Comparison of weight, BMI, weight status, and malnutrition risk between admission and follow-up in COVID-19 patients 
with and without co-morbidities

Study variables At the time of admission During follow-up visit p-value

WITH COMORBIDITIES

Weight* Kg 84.08 ± 16.80 82.53 ± 16.75 0.415

BMI* 31.28 ± 6.57 31.28 ± 6.57 0.463

Weight status

Underweight -- 2 (2.8) --

Normal 10 (14.1) 11 (15.5) --

Overweight 14 (19.7) 19 (26.8) --

Obesity 47 (66.2) 39 (54.9) --

Risk of malnutrition (using MST score)

At malnutrition risk 17 (23.9) 33 (46.5) --

Not at malnutrition risk 54 (76.1) 38 (53.5) --

WITHOUT COMORBIDITIES

Weight* Kg 82.58 ± 19.42 84.65 ± 18.98 0.411

BMI* 29.68 ± 6.67 30.35 ± 6.29 0.461

Weight status

Under weight -- -- --

Normal 7 (21.9) 7 (21.9) --

Overweight 11 (34.4) 8 (25.0) --

Obesity 14 (43.8) 17 (53.1) --

Risk of malnutrition (using MST score)

At malnutrition risk 16 (50.0) 11 (34.4) --

Not at malnutrition risk 16 (50.0) 21 (65.6) --

Data are represented as frequencies and percentages, n (%).
*Data are represented as mean ±SD.
P values less than 0.05 are considered statistically significant.

Discussion

This prospective cohort study examined the rela-
tionship between nutritional risk at hospital admission 
and its impact on COVID-19 survivors. Our findings 
revealed the presence of malnutrition among partici-
pants during hospitalization, though it was not sig-
nificantly correlated with BMI. Notably, we observed 
statistically significant changes in the average values 
of specific clinical parameters between admission and 
follow-up visits in 71 COVID-19 patients with pre-
existing health conditions. Key factors such as length 
of hospital stay, disease severity, and the presence of 
comorbidities were identified as significant risk factors 

associated with increased mortality rates and pro-
longed hospitalization. Our methodological approach 
using the MST for nutritional risk screening without 
detailed dietary assessment is well-supported in the 
literature. Several COVID-19 nutritional studies have 
successfully utilized screening tools without detailed 
dietary assessment, including Mancin et al. (2021) who 
used nutritional risk screening to predict COVID-19 
outcomes (9). This approach reflects real-world clini-
cal practice where MST screening is performed as part 
of routine care without comprehensive dietary evalu-
ation. In a previous study, patients critically ill with 
COVID-19 were found to have higher BMIs com-
pared to the patients who were COVID-19 negative 
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Table 4. Comparison of clinical parameters between the time of admission and follow-up visit of study subjects infected in COVID-19 
patients with comorbidities

Clinical parameters

Time points of observation

p-valueAt the time of admission During follow-up visit

HbA1c (%) 8.99 ± 1.99 8.26 ± 2.14 0.027

Vitamins and minerals 

Sodium (mmol/L) 136.32 ± 4.81 137.32 ± 4.81 0.321

Potassium (mmol/L) 3.91 ± 0.62 4.15 ± 0.52 0.017

Magnesium (mmol/L) 0.79 ± 0.16 0.76 ± 0.16 0.541

Calcium (mmol/L) 2.05 ± 0.30 2.34 ± 0.22 <0.0001

Ferritin (ng/mL)  324.80 ± 421.88 106.67 ± 154.17 0.110

Vitamin D 25(OH) (ng/mL) 22.52 ± 14.04 28.91± 9.08 0.493

Protein status 

BUN (mmol/L) 4.74 ± 2.71 7.09 ± 7.14 0.025

Creatinine (umol/L) 81.28 ± 27.42 88.61 ± 50.75 0.315

Albumin (g/L) 28.95 ± 6.23 41.77 ± 4.67 <0.0001

Total protein (g/L) 66.06 ± 5.85 68.56 ± 11.03 0.193

Liver enzymes

Alkaline phosphatase (U/L) 79.08 ± 30.50 83.78 ± 26.72 0.270

ALT (U/L) 47.74 ± 28.31 24.71 ± 14.28 <0.0001

AST (U/L) 44.67 ± 34.78 20.64 ± 6.19 <0.0001

GGT (U/L) 81.28 ± 67.43 29.03 ± 15.71 <0.0001

Bilirubin (umol/L) 7.61± 3.35 10.40 ± 6.46 0.009

Complete Blood Count

Red Blood Cell Count (x10^6/uL)  5.01 ± 1.64 5.04 ± 0.63 0.894

Hemoglobin (g/dL) 14.18 ± 5.40 14.40 ± 1.73 0.774

Hematocrit (%) 40.81 ± 6.11 43.22 ± 6.54 0.025

Platelet count (x10^3/uL) 216.52 ± 89.12 243.21 ± 52.50 0.063

Neutrophils (x10^3/uL) 51.12 ± 33.39 40.68 ± 22.76 0.006

Lymphocytes (x10^3/uL) 14.90 ± 14.34 26.81 ± 17.42 <0.0001

Monocytes (x10^3/uL) 3.64 ± 2.82 4.21 ± 2.71 0.331

Data are represented as mean ±SD. P values less than 0.05 are considered statistically significant.

or the normal population (32). This reiterates the oc-
currence of high BMI rates among the COVID-19 
patients in our study. Similarly, in a systematic review, 
the 19 studies included showed a significantly higher 
prevalence of individuals with obesity among hospital-
ized patients than among patients not hospitalized or 
the general population (34). Another study suggested 
that the relationship between BMI and outcomes dur-
ing admission and follow-up in COVID-19 patients, 

with or without comorbidities, was stronger in indi-
viduals aged 70 years or younger compared to older 
individuals (31). This discrepancy may be due to the 
small size of our sample, which limited our ability to 
explore other potential interactions such as the length 
of the stay. Additionally, malnutrition risk, as indicated 
by MST scores, was particularly prevalent among pa-
tients with comorbidities, suggesting that higher BMI 
is associated with an increased likelihood of developing 
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Table 5. Comparison of clinical parameters between the time of admission and follow-up visit of study subjects infected with 
COVID-19 patients without comorbidities

Clinical parameters

Time points of observation

p-valueAt the time of admission During follow-up visit

HbA1c (%) 6.52 ± 1.25 6.39 ± 1.25 0.724

Vitamins and minerals

Sodium (mmol/L) 138.74 ± 3.05 139.96 ± 3.08 0.216

Potassium (mmol/L) 3.80 ± 0.76 4.19 ± 0.26 0.026

Magnesium (mmol/L) 0.80 ± 0.09 0.8 ± 0.07 0.499

Calcium (mmol/L) 2.03 ± 0.15 2.31 ± 0.11 <0.0001

Ferritin (ng/mL)  374.61 ± 261.45 109.82 ± 98.41 0.002

Vitamin D 25(OH) (ng/mL) 18.47 ± 7.88 22.50 ± 10.28 0.293

Protein status

BUN (mmol/L) 3.83 ± 1.44 4.66 ± 2.08 0.054

Creatinine (umol/L) 80.10 ± 14.80 80.13 ± 15.75 0.994

Albumin (g/L) 32.30 ± 4.74 43.90 ± 3.14 <0.0001

Total protein (g/L) 69.47 ± 5.89 73.16 ± 5.17 0.014

Liver enzymes

Alkaline phosphatase (U/L) 81.61 ± 34.19 89.50 ± 13.72 0.300

ALT (U/L) 55.68 ± 34.14 32.50 ±17.66 0.001

AST (U/L) 46.74 ± 33.78 29.96 ± 22.89 0.051

GGT (U/L) 62.87 ± 27.79 28.50 ± 12.43 0.002

Bilirubin (umol/L) 7.79 ± 2.99 14.10 ± 7.20) <0.0001

Complete Blood Count

Red Blood Cell Count (x10^6/uL) 5.01 ± 0.44 5.19 ± 0.55 0.012

Hemoglobin (g/dL) 13.89 ± 1.48 14.87 ± 1.76 <0.0001

Hematocrit (%) 42.74 ± 4.10 45 ± 4.97 0.001

Platelet count (x10^3/uL) 170 ± 49.48 243.32 ± 51.82 <0.0001

Neutrophils (x10^3/uL) 35.26 ± 39.57 25.53 ± 28.47 0.116

Lymphocytes (x10^3/uL) 7.06 ± 8.44 14.50 ± 16.05 0.086

Monocytes (x10^3/L) 1.57 ± 1.76 2.85 ± 3.77 0.187

Data is represented in frequencies and percentages. *Data is represented in mean ±SD. P values less than 0.05 are considered statistically significant.

malnutrition during hospitalization. This finding aligns 
with earlier studies, which showed that higher BMI 
and obesity are linked to malnutrition in critically ill 
COVID-19 patients, potentially contributing to poor 
prognosis. Furthermore, the adverse effects of obesity 
and elevated BMI in critically ill COVID-19 patients 
are likely driven by altered immune responses and mal-
nutrition resulting from obesity-related pathological 
changes. Strong evidence demonstrates that hormone 

and nutrient dysregulation in individuals with obesity 
can impair the response to infection (31,34). Electro-
lyte imbalances are frequently associated with signifi-
cant comorbidities and can influence the duration of 
hospital stays. For instance, hypokalemia is associated 
with malnutrition, chronic diuretic use, or diarrhea, 
while hyperkalemia is linked to acidosis and renal 
dysfunction (35). Our findings are consistent with 
those of studies conducted in Iraq (36) and India (37).  
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Table 6. Association between length of hospital stay and other variables of study subjects

Variables

Length of hospital stay (in days)

p-value≤14 >14

Age at admission* 50.39 ± 12.9 61.84 ± 16.8 0.001

BMI at admission* 30.86 ± 6.4 32.33 ± 6.2 0.365

Gender

Male 42 (82.4) 9 (17.6) 0.836

Female 42 (80.8) 10 (19.2) --

Case severity

Moderate 78 (91.8) 7 (8.2) <0.0001

Severe 6 (33.3) 12 (66.7) --

Comorbid conditions at admission

Yes 54 (76.1) 17 (23.9) 0.032

No 30 (93.8) 2 (6.3) --

Risk of malnutrition on admission using MST score

Not at malnutrition risk 56 (80.0) 14 (20.0) 0.554

At malnutrition risk 28 (84.8) 5 (15.2) --

Data is represented in frequencies and percentages. *Data is represented in mean ±SD. P values less than 0.05 are considered statistically significant.

The biochemical profile exhibited the potassium lev-
els to be within normal range in our study population 
and the values slightly increased in the follow-up visit, 
however, it wasn’t a significant difference. In a similar 
study, significantly higher serum potassium was linked 
to increased mortality rate among COVID-19 cases 
than the survivors (35). These findings agree with a 
study that reported a negative correlation of potassium 
with disease severity in COVID-19 cases (38). On the 
other hand, studies have shown that hypokalemia re-
sulting from a higher level of Angiotensin-converting 
enzyme 2 (ACE2) degradation impairs renal control 
of potassium in patients with SARS-COV-2. Normal 
levels of serum Potassium may have a role in the sur-
vival of these patients (38). This study indicates that 
comorbidities such as diabetes and hypertension may 
significantly influence the severity of COVID-19. 
A notably high prevalence of diabetes (43.85%) was 
observed among patients, followed by hypertension 
(27.69%). These findings are consistent with those of a 
2020 study conducted at Harran University in Turkey, 
which reported similar trends (38).

Serum ferritin levels of the participants were 
within the normal range; however, they dropped 

substantially in the follow-up visits with a signifi-
cant difference in patients without comorbidities 
(P= 0.002). Serum ferritin is a prognostic measure 
that predicts the progression of illness to more severe 
types. A hyperinflammatory state with elevated ferri-
tin develops in severe COVID-19, which is associated 
with higher death rates, multiple organ failures, and 
the necessity for admission to critical care units. Lit-
erature is evident that Ferritin is an early, nonspecific 
marker that increases in the early stages of the illness 
and falls after approximately a month (14) . In another 
case-control research of 93 patients, their COVID-19 
cases also had greater ferritin levels than the controls 
without COVID-19 (39). The importance of ferritin 
can be explained in two ways. Shoenfeld et al. suggest 
that the clinical progression of severe COVID-19 re-
sembles macrophage activation syndrome, character-
ized by high ferritin levels and a cytokine storm. The 
H-chain of ferritin activates macrophages, leading 
to increased secretion of inflammatory cytokines in 
COVID-19 patients (40). Alternatively, elevated fer-
ritin may indicate how iron metabolism supports the 
immune response to infections, including viral ones, as 
effective cellular metabolism and adequate iron levels 
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levels, and 35% had insufficient levels). This highlights 
the need for intensive monitoring and treatment, espe-
cially in patients with obesity who may require higher 
supplementation doses. Vitamin D plays a crucial role 
in reducing systemic inflammation and maintaining 
metabolic homeostasis, both of which are critical for 
the recovery of patients from severe illnesses such as 
COVID-19. It helps controls inflammation, particu-
larly in individuals with underlying inflammatory or 
infectious conditions, and supports glycemic control in 
patients with diabetes (48). These findings are aligned 
in parallel with our results. Nearly 91.8% of the in-
cluded participants were experiencing moderate sever-
ity. A systematic review conducted in 2022 reported 
that age (46), along with comorbid conditions, is a 
crucial factor to consider when examining the impact 
of COVID-19 on the length of hospital stay and case 
severity. Older patients are generally associated with 
higher mortality rates and longer hospital stays. This 
study reinforces previous findings in literature, with 
the increased risks potentially linked to weaker im-
mune systems and specific behavioral responses to im-
plemented measures (47). In our study, the majority 
(58.3%) of patients were over 50 years old, a finding 
consistent with results from other studies conducted 
in the Netherlands (49) and Spain (50). This trend 
may be attributed to fewer elderly patients being re-
ferred to hospitals, likely due to the overwhelming 
pressure on healthcare systems during the first wave 
of COVID-19. Despite the participation rate of 17%, 
our findings demonstrate clinical relevance and align 
with international COVID-19 literature. The demo-
graphic and clinical characteristics of our participants 
are consistent with broader COVID-19 populations, 
suggesting reasonable representativeness within the  
regional context. The challenges in participant re-
cruitment reflect common issues in post-COVID-19 
follow-up studies globally, including ongoing symptoms, 
geographic barriers, and pandemic-related concerns.

Limitations

Several limitations should be acknowledged 
in this study. To begin with, the sample size of 103 
participants, while comparable to similar regional 
COVID-19 nutritional studies and falling within the 

in host cells are essential for viral replication (41). 
Nonetheless, current research implies that increased 
levels of circulating ferritin may not only reflect an 
acute phase response but also play a critical role in 
inflammation by contributing to the development of 
a cytokine storm (39) Perhaps this justifies the initial 
ferritin levels at the higher end followed by a drastic 
decline later in our COVID-19 survivors. Our find-
ings emphasized the substantial influence of hospital 
stay duration on clinical parameters, including ferri-
tin and hemoglobin, in patients both with and with-
out comorbidities. It has been reported that analyzing 
ferritin levels early in COVID-19 patients may serve 
as an effective predictor of disease severity (39,42). In 
terms of hemoglobin levels, these were found to signif-
icantly (p<0.0001) improve in the COVID survivors 
in patients without comorbidities during the course 
of the disease. In similar studies, sizable direct drifts  
were acknowledged for mean hemoglobin levels de-
clining with deteriorating health parameters and the 
presence of comorbidities (43). Furthermore, compared 
to moderate COVID-19 cases, severe cases had lower  
hemoglobin levels. Hence, this elucidates, as a previ-
ous study does, that the patients could suffer from a 
decreased capability of hemoglobin to support the in-
creased peripheral tissue demands for oxygen due to the 
hyper-metabolic states during infection, especially in 
populations at risk of complications and mortality (44).  
We observed significant differences in total protein 
and hemoglobin levels among severe COVID-19 
patients without comorbidities, but these differences 
were not present in patients with comorbidities. The 
findings stress the need for continuous monitoring, 
interventions, and further research in this area. Ad-
ditionally, albumin levels were significantly different 
between the two groups. Previous studies have iden-
tified total protein (45), albumin (46,47), and hemo-
globin (40) as factors influencing hospitalization due 
to COVID-19. Importantly, incorporating proteins 
such as albumin into clinical decision-making may of-
fer a more accurate assessment of ionized calcium and 
total calcium levels in the blood (42,46). Despite the 
significant vitamin D deficiency observed in hospital-
ized patients, particularly those with sarcopenic obe-
sity, vitamin D levels were not restored to normal in 
43% patients during follow-up (8% showed deficient 
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