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ABSTRACT

COVID-19 is one of the major pandemic diseases caused by SARS-CoV-2. Vaccination is one of the methods used that reduce the spread 
of an infectious disease. Consequently, we aimed to measure liver parameters (alanine transaminase (ALT), aspartate transaminase 
(AST), alkaline phosphatase (ALP), total serum bilirubin (TSB), and lactate dehydrogenase (LDH) and albumin), as well as bone markers 
(Calcium, phosphorous, parathyroid hormone (PTH) with thyroid stimulating hormone (TSH) as marker for the severity of the disease 
in non-vaccinated and vaccinated SARS-COV-2 patients. Between November 2021 and May 2022, 130 samples of both genders (healthy 
and infected with COVID-19) were obtained and divided into three groups: Healthy individuals (50), vaccinated (30) and non-vaccinated 
(50) group” (ages; 20–65). The findings of the current study showed that ALT, ALP, and LDH significantly elevated (P < 0.01), and despite 
comparing patients who were not vaccinated to those who were, albumin considerably dropped. Moreover, AST and TSB moderately 
elevated in unvaccinated group in comparison to unvaccinated patients. Calcium and phosphorous slightly decreased in non-vaccinated 
and vaccinated patients as compare to control. Whereas PTH and TSH significantly less in both patient groups than in control. “The 
optimal cutoff values for parameters were determined by ROC curve analysis. In conclusion, vaccine plays a major role in minimizing 
liver biomarkers in COVID-19 patients. Moreover, low concentrations of bone markers were associated with both vaccinated and non-
vaccinated COVID-19 patients. Therefore, the bone health status of COVID-19 patients and liver markers are helpful for the diagnosis 
and monitoring of disease severity in COVID‐19 patient.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an extremely 
infectious and pathogenic infectious disease carried 
on by the recently identified severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2). In March 2020, the 
World Health Organization (WHO) classified the COVID-19 
outbreak as a pandemic disease.[1] “One of the biggest RNA 
viruses, with a genomic size of 27–32 kb, is the coronavirus. 
SARS-CoV-2 infects cells through binding to ACE2, a cell-
surface receptor found in the kidney, blood vessels, heart, and 
crucially in alveolar epithelial Type  II cells (AT2) which line 
the lungs”.[2] The clinical manifestations of COVID-19 vary 
from mild to severe difficulty breathing, exhibiting symptoms 
such as fever, exhaustion, taste and smell loss, coughing, nose 
congestion, dyspnea, and so on.[3] Droplets from the respiratory 
system are the main method of transmission; SARS-CoV-2 
can always spread through the air if an uninfected individual 
comes into contact with an infected or any of his possessions, 
such as clothing or doorknobs.[4,2]

Vaccination can be used to control the pandemic of 
SARS-COV-2. The risk of developing severe illnesses, requiring 
hospitalization, and dying from COVID-19 is decreased 

with COVID-19 vaccines in a safe and efficient manner.[5] 
Unprecedented international attempts to create vaccines to 
stave off infection and serious illness, reverse the pandemic’s 
course, and lessen the terrible economic and societal effects 
of SARS-CoV-2 were rapidly initiated in the wake of the 
global SARS-COV-2 epidemic and the discovery of it.[6] The 
FDA approved a widespread immunization program to stop 
the spread of SARS-CoV-2 and lessen the severity of the 
disease in infected individuals. Two authorized vaccines 
based on messenger RNA (mRNA) are mRNA-1273 (Moderna 
Therapeutics Inc.) and BNT162b2 (Pfizer Inc/BioNTech 

Corresponding Author: 
Hardi S. Ahmed, Department of Biology, Salahaddin University, 
Kurdistan Region, Iraq E-mail: hardi.shukur@cihanuniversity.edu.iq

Received: March 03, 2024 
Accepted: May 23, 2024 
Published: June 20, 2024

DOI:10.24086/cuesj.v8n1y2024.pp46-57

Copyright © 2024 Hardi S. Ahmed, Nadir M. Q. Nanakali, Khabat A. Ali. This 
is an open-access article distributed under the Creative Commons Attribution 
License.

Cihan University-Erbil Scientific Journal (CUESJ)



Ahmed, et al.: Comparison of Biochemical Parameters in Vaccinated

47	 http://journals.cihanuniversity.edu.iq/index.php/cuesj� CUESJ 2024, 8 (1): 46-57

SE).[7] The vaccination demonstrated great efficiency against 
numerous fresh forms and provided protection against 
reinfection. With the help of immunization programs, hope 
was raised for lowering the incidence of coronavirus sickness. 
The benefits of COVID-19 vaccination must be understood 
in the context of sickness attenuation. To do this, research 
should be done to see if those who get COVID-19 despite 
immunization have fewer symptoms than those who are 
unvaccinated.[8] A systematic review by Fatima et al.[9] of 51 
research from 14 different countries found that vaccinations 
were effective against 89.1%, 97.2%, 97.4%, and 99% of 
illnesses, hospitalizations, and ICU admissions, respectively.

For evaluation, clinical care, and the prevention of severe 
consequences, efficient biomarkers would be helpful.[10] A 
significant predictor of COVID-19 patient death has also been 
found to be liver function. According to a research report, the 
virus may directly attach to cholangiocytes that are ACE2-
positive, and as a result, COVID-19  patients’ liver problems 
might be caused by cholangiocyte malfunction.[11] Early in 
the pandemic’s development, liver involvement determined 
by abnormal liver parameters in infected individuals was 
regarded as one of the clinical symptoms. Major liver damage is 
rare. SARS-COV-2 could impact the liver directly or indirectly. 
Liver abnormalities can result from a variety of pathogenic 
mechanisms, including immune-mediated injury brought on by 
the intense inflammatory response, direct cytotoxicity brought 
on by viral replication in the hepatocytes, anoxia brought on 
by COVID-19-related respiratory failure, pharmacological 
liver damage primarily caused by hepatotoxic antivirals, 
reactivation of pre-existing liver disease, and vascular injury 
brought on by hypercoagulation.[12] According to the research 
that is now available on COVID-19, patients who are male, fat, 
and elderly are more likely to suffer liver dysfunction. Liver 
injury is caused by multiple causes, such as a direct cytopathic 
effect, a strong inflammatory response, the unique effects of 
treatment regimens, and cytokine storm.[13] Based on additional 
studies, COVID-19 frequently manifests as liver disease, which 
is connected to a higher mortality rate.[14] “Patients with 
COVID-19 have been found to frequently have increased levels 
of the serum enzymes aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), alkaline phosphatase (ALP), 
lactate dehydrogenase (LDH), total bilirubin (TBIL), and 
gamma-glutamyl transpeptidase (GGT)”, along with decreased 
levels of albumin (ALB).[15,16] Hence, these parameters can be 
useful marker to evaluate liver functions in patient groups.

Reduced bone mineral density and other musculoskeletal 
symptoms have been linked to SARS-COV-2 infection. These 
symptoms could be brought on by a number of disease-related 
variables, including medication, mobility restrictions, or diet.[17] 
To infect host cells, SARSCoV-2 interacts with ACE2 receptors 
that exist on cell targets, including bone cells.[18] Bone fragility 
may result from ACE2 downregulation’s impact on bone 
homeostasis.[19] “The balance of P and Ca in the body, which 
is essential for many physiological functions, including bone 
health, muscular function, nerve transmission, and cellular 
signaling, is maintained by phosphocalcium metabolism”.[20] 
Another research investigation[21] demonstrated that COVID-19 
and its therapy had negative impacts on COVID-19 survivors’ 
bone health. These effects tend to be stronger in older and 
weak patients, thus it is important to regularly monitor 

their risk of bone loss and falls. Furthermore,[22] discovered 
that greater phosphate concentration might be related to 
improved lung CT imaging consequences in SARS-COV-2, 
whereas hypophosphatemia is related to serious lung damage. 
In earlier research by Yang et al.,[23] hypophosphatemia was 
seen in patients with chronic obstructive pulmonary disease 
(COPD) and acute lung failure. It has also been noted that the 
virus-induced illness has abnormal serum Ca concentration. 
The parathyroid hormone produced by parathyroid glands, 
is vital in controlling phosphorus and calcium concentration 
in bone, kidneys, and digestive system.[22] In addition,[24] 
investigated that COVID-19 might influence parathyroid gland 
function in a pair of manners: Directly through COVID-19 
infection of parathyroid glands, and indirectly as a result 
of chronic respiratory alkalosis and lung failure, it could be 
interpreted as extra explanations for why hypocalcemia is 
common in COVID-19 individuals.

The hormones thyroid stimulating hormone (TSH), free 
thyroxine (FT4), and free triiodothyronine (FT3) control the 
hypothalamus-pituitary-thyroid axis.[25] Medically, COVID-19 
individuals who have low TSH and FT3 concentration seem 
to have a greater rate of mortality, which is not exactly in 
line with earlier investigations of the non-thyroidal illness 
syndrome (NTI).[26] Also, Zaidi et al.[27] reported that lowered 
TSH signaling is a factor in hyperthyroid osteoporosis. 
Moreover, Deng et al.[28] indicated that through controlling 
osteoblast proliferation and differentiation, TSH lowers the 
incidence of osteoporosis. In addition, Yanachkova et al.[29] 
made the suggestion that COVID-19 might have negative 
long-term effects on thyroid function. TFT should therefore 
be included in the follow-up algorithm even for individuals 
presenting with mild-to-moderate COVID-19. These variables 
which are thought to be COVID-19 indicators will help with 
patient care and epidemic containment. The present study 
aimed to assess the value liver parameters including (AST, ALT, 
ALP, LDH, TSB, and Albumin), as well as bone markers such as 
(Ca, P, PTH, and TSH) to diagnosis and severity of disease in 
non-vaccinated and vaccinated SARS-COV-2 Patients.

MATERIAL AND METHODS

Participants

This study recruited 130 participants in total between 
November 2021 and May 2022. The patients (aged from 20 
to 65  years) diagnosed in two hospitals in Erbil city, Erbil 
emergency hospital, and Lalav emergency that were confirmed 
through PCR using sample from pharyngeal or nasal swabs. The 
patients were split into two groups: the unvaccinated group, 
comprising 26 male and 24 female patients, who complained 
of mild to severe manifestations; and the vaccinated group, 
consisting of 26  male and four female patients, who had 
received two doses of the BNT162b2 (“Pfizer-BioNTech”) 
vaccine before becoming ill and being admitted to the hospital. 
In addition, there were a total of 50 non-infected people (23 
men and 27 women).

Blood Samples

For every participant, a vein-based blood sample (approximate 
3  ml) was taken from all, and it was immediately put into 
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a serum-separating gel tube. Whole blood was allowed to 
coagulate in gel tubes for 30 min. To obtain serum for serological 
and biochemical testing, the specimens were centrifuged 
for 5  min at 4000 RPM. Cobas E411-Roche (Germany) was 
used to measure PTH and TSH levels. Cobas C111-Roche 
(Germany) was used to estimate the liver parameters as well 
as the remaining bone markers.

Statistical Analysis

Graph Pad Prism 9.0 was used for analyzing the data. 
The standard error of the mean (SE) and mean for non-
parametric variables were accurately stated. The One-way 
ANOVA (Kruskal–Wallis Test) was utilized to assess between-
group comparisons for categorical variables using the liver 
variables and bone markers data provided in this study. The 
study’s predictive value determined severity through receiver 
operating characteristic (ROC) curve in which Area under the 
curve (AUC), cutoff value, specificity, and sensitivity were 
utilized to show the results. To evaluate statistical significance, 
a P =  0.05 utilized as significant. Non-significant group 
differences are shown by the sign of (ns), whereas highly 
significant group differences between patients and healthy 
control groups are indicated by the sign of (*).

RESULTS

Statistical analysis of the current study summarized in 
[Table 1 and Figures 1-5]. The values of liver function tests 

such as (ALT, AST, ALP, and LDH) were significantly increased 
in unvaccinated COVID-19  patients when compared with 
vaccinated patients and the control healthy group. The 
mean ± SD values of ALT were (83.73 ± 127.8) in unvaccinated 
individuals, (29.06 ± 17.91) in vaccinated patients, and 
(20.45 ± 9.05) in the control group. ROC evaluation 
identified that the best cutoff value of ALT for determining 
severity in unvaccinated COVID-19 patients was > 29.70 U/L 
(sensitivity = 77.78 %; specificity = 91.67%; AUC= 0.879) 
with P < 0.0001, while in vaccinated patients was 20.85 U/L 
(sensitivity = 78.89 %; specificity = 56.25%; AUC = 0.697) 
with P value = 0.0027. The AST values were (56.15 ± 65.86 
in unvaccinated patients, 28.57 ± 23.47 in vaccinated and 
21.63 ± 12.08 in control group). By using the ROC evaluation 
recognized that the best cutoff value of AST for determining 
severity in unvaccinated COV-2  patients was  >  21.65 U/L 
(sensitivity= 77.27 %; specificity = 62.50 %; AUC= 0.741) 
with P < 0.0001, in vaccinated patients was 22.65 U/L 
(sensitivity, specificity and AUC were 54.55 %, 64.58 % and 
0.597, respectively) with P = 0.137. In addition, the mean 
concentration of ALP in unvaccinated, vaccinated, and control 
were (190.9 ± 138.0, 104.9 ± 87.52, and 64.99 ± 20.49), 
respectively. Based on ROC curve studies, in the vaccinated 
group, the AUC was 0.635 and the cutoff value serum of 
ALP level was > 65.43 U/L with a sensitivity of 66.67 % 
and specificity of 52.08 %. While the non-vaccinated group 
occupied a significant AUC, which was 0.850 (P < 0.0001); 
the cutoff value was > 85.65 U/L of serum TSH level, 

Table 1: Comparison of liver parameters between control and patient groups

Liver Markers Control Patients P value

Vaccinated Non‑vaccinated

ALT (IU/l) 20.45±9.05 29.06±17.91 83.73±127.8 0.0001

AST (IU/l) 21.63±12.08 28.57±23.47 56.15±65.86 0.0001

ALP (IU/l) 64.99±20.49 104.9±87.52 190.9±138.0 0.0001

TSB (mg/dl) 0.72±0.33 0.58±0.32 0.78±0.43 0.0873

LDH (IU/l) 271.1±103.9 290.8±82.19 621.6±277.6 0.0001

Albumin (mg/dl) 4.80±0.29 4.65±0.57 3.79±0.86 0.0001

Figure 1: (a) Comparison of ALT concentration in control and patient groups. (b) The area under the curve value shows ALT as a biomarker of 
the patients’ group

ba
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Figure 2: (a) Comparison of AST concentration in control and patient groups. (b) The area under the curve value shows AST as a biomarker of 
the patients’ group

ba

Figure 3: (a) Comparison of ALP concentration in control and patient groups. (b) The area under the curve value shows ALP as a biomarker of 
the patients’ group

a b

Figure 4: (a) Comparison of TSB concentration in control and patient groups. (b) The area under the curve value shows TSB as a biomarker of 
the patients’ group

ba
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the sensitivity and specificity were 76.60 % and 85.42 %, 
respectively [Table 2 and Figure 3b].

Moreover, the mean of LDH value significantly rose to 
(621.6 ± 277.6) in unvaccinated patients and (290.8 ± 82.19) 
in vaccinated patients as compared to the control group 
(271.1  ± 103.9) with p value of < 0.0001. “The cutoff 
values of LDH for predicting severity in COVID-19  patients 
were determined by (ROC) curve analysis for unvaccinated 
337.0  U/L (sensitivity= 83.33%; specificity=81.25 %; 
(AUC) = 0.898), vaccinated 278.0 U/L (sensitivity, specificity, 
and AUC were 66.67 %, 68.75 % and 0.606, respectively)”. 
As shown in [Table 1 and Figure 4], the mean ± SD of total 
bilirubin slightly increased from (0.72 ± 0.33) in the control 
group to (0.78 ± 0.43) in unvaccinated patients, while this 

value declined to (0.58 ± 0.32) in the vaccinated group but did 
not reach at a significant level. The results of the (ROC) curve 
indicated that the cutoff values of TSB for predicting severity in 
COVID-19 patients were <0.565 mg/ml (sensitivity, specificity, 
and AUC were = 60.61%, 66.67%, and 0.627, respectively) in 
the vaccinated group and <0.985 mg/ml (sensitivity = 34.62%; 
specificity = 75.00%; (AUC) = 0.523) in unvaccinated groups.

On the other hand, serum albumin level is crucial 
biomarkers in SARS-COV-2 patients. The mean value of albumin 
significantly (P < 0.0001) decreased from (4.80 ± 0.29 mg/dl) 
in control group to (3.79 ± 0.86 mg/dl and 4.65 ± 0.57 mg/dl 
in unvaccinated and vaccinated patients, respectively. As shown 
in Table 1 and Figures 6a and b, cutoff values of albumin to 
identify severity in COVID-19  patients were determined 

Table 2: ROC curve analysis of Liver biomarkers in SARS‑COV‑2 patients

Liver markers AUC Cut‑off value Sensitivity (%) Specificity (%) P value

ALT (IU/l)

Vaccinated 0.697 20.85 78.79 56.25 0.0027

Non‑Vaccinated 0.879 29.70 77.78 91.67 0.0001

AST (IU/l)

Vaccinated 0.597 22.65 54.55 64.58 0.1375

Non‑Vaccinated 0.741 21.65 77.27 62.50 0.0001

ALP (IU/l)

Vaccinated 0.635 65.43 66.67 52.08 0.0392

Non‑Vaccinated 0.850 85.65 76.60 85.42 0.0001

TSB (mg/dl)

Vaccinated 0.627 0.565 60.61 66.67 0.0516

Non‑Vaccinated 0.523  0.985 34.62 75.00 0.7426

LDH (IU/l)

Vaccinated 0.606 278.0 66.67 68.75 0.1053

Non‑Vaccinated 0.898  337.0 83.33 81.25 0.0001

Albumin (mg/dl)

Vaccinated 0.618 4.605 51.52 76.19 0.0800

Non‑Vaccinated 0.821 4.535 76.00 85.71 0.0001

Figure 5: (a) Comparison of LDH concentration in control and patient groups. (b) The area under the curve value shows LDH as a biomarker 
of the patients’ group

ba
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through ROC curve analysis. For the unvaccinated group, 
these values were < 4.535  mg/dl, (sensitivity = 76.00%; 
specificity = 85.71%; AUC = 0.821); for the vaccine-receiving 
group, they were < 4.605  mg/dl, (sensitivity = 51.52%; 
specificity = 76.19%; AUC = 0.618).

The level of bone markers shown in (Table 3), in which 
the mean ± standard deviation of Ca level values decreased 
somewhat, from 9.40 ± 1.19 mg/dl in the control group to 
8.88 ± 1.28 mg/dl and 9.27 ± 1.21 mg/dl in the vaccinated 
and unvaccinated patient categories, respectively, but not to a 
significant degree. Table 4 and Figures 7a and 7b demonstrate 

the optimal cut-off values of calcium for predicting severity in 
COVID-19  patients. Vaccinated patients had cutoff values of 
less than 9.635 mg/ml, with sensitivity, specificity, and AUC 
of 75.76%, 47.92%, and 0.616, respectively. Non-vaccinated 
patients had cut-off values of less than 9.635  mg/ml, with 
sensitivity, specificity, and AUC of 66.67%, 47.92 %, and 
0.540, respectively. Regarding the concentration of the serum 
phosphate, we found that value of phosphate significantly 
decreased from (3.85 ± 0.48 mg/dl) in healthy individuals 
to (3.35 ± 0.74 mg/dl) in vaccinated patients and somewhat 
reduced to (3.65 ± 1.02 mg/dl) in patients who did not take 

Table 4: ROC curve analysis of Bone markers in SARS‑COV‑2 patients

AUC Cut off value Sensitivity (%) Specificity (%) P value

PTH (pg/ml)

Vaccinated 0.814 27.76 73.53 88.64 0.0001

Non‑vaccinated 0.875 27.34 82.35 88.64 0.0001

TSH (uIU/ml)

Vaccinated 0.594 3.705 100.0 23.40 0.1588

Non‑vaccinated 0.679 1.025 46.43 91.49 0.0096

Calcium (mg/ml)

Vaccinated 0.616 9.635 75.76 47.92 0.0754

Non‑vaccinated 0.540 9.635 66.67 47.92 0.5046

Phosphate (mg/ml)

Vaccinated 0.762 3.66 74.07 70.45 0.0002

Non‑vaccinated 0.605 3.43 46.67 90.91 0.1259

Table 3: Comparison of bone markers between control and patient groups

Bone Markers Control COVID‑19 Patients P value

Vaccinated Non‑Vaccinated

PTH (pg/ml) 45.53±21.37 25.96±16.81 21.06±15.22 0.0001

TSH (uIU/ml) 2.79±2.70 1.68±0.95 1.52±1.28 0.0295

Calcium (mg/ml) 9.40±1.19 8.88±1.28 9.27±1.21 0.2188

Phosphate (mg/ml) 3.85±0.48 3.35±0.74 3.65±1.02 0.0022

Figure 6: (a) Comparison of Albumin concentration in control and patient groups. (b) The area under the curve value shows Albumin as a 
biomarker of the patients’ group

ba
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vaccine against SARS-COV-2; however, it did not reach at a 
significant level as demonstrated in [Figure 8 and Table 2]. 
The ROC was used to estimate the values of cut-off for 
phosphate that determine severity in SARS-COV-2  patients 
in vaccinated were < 3.66  mg/dl, sensitivity = 74.07 %; 
specificity = 70.45%; AUC= 0.762 with P = 0.0002 and non-
vaccinated < 3.43 mg/ml, sensitivity = 46.67 %; specificity 
= 90.91 %; AUC = 0.605 [Table 4].

Following the statistical analysis, as Table  2 and 
Figure  9a show, it was found that the level of the serum 
PTH in the vaccinated and unvaccinated COVID-19 groups 
considerably less than what the healthy group’s serum PTH 
levels showed (P < 0.0001), while the serum levels of PTH 
between COVID-19  patient groups were non-significant. In 
healthy group, the mean ± SD of parathyroid hormone was 
45.53  ±  21.37  pg/ml, whereas in a vaccinated group of 
patients, it was 25.96 ±16.81  pg/ml, and in unvaccinated 
group of patients was 21.06 ± 15.22 pg/ml. ROC analysis was 
carried out to assess the diagnostic significance of PTH levels 
among Covid-19  patients. ROC curve results show that the 
AUC in vaccinated and non-vaccinated patients respectively 

were 0.814 and 0.875 with a P-value < 0.0001. Thus, the 
cutoff value of PTH to predict disease severity, sensitivity and 
specificity for vaccinated were (27.76  pg/ml, 73.53 % and 
88.64 %), unvaccinated group was (27.34  pg/ml, 82.35, 
and 88.64%) respectively, [Figure  9b and Table  4]. When 
comparing the non-vaccinated group patients to the control 
category, a significant drop in TSH was seen (P = 0.0295), 
whereas the serum concentration of TSH between vaccinated 
and non-vaccinated COVID-19  patients was non-significant 
[Figure  10a]. The mean value of healthy individuals 
significantly diminished from (2.79 ±2.70 uIU/ml) to 
(1.68 ± 0.95 uIU/ml) and (1.52 ± 1.28 uIU/ml) in vaccinated 
and unvaccinated groups, respectively. To determine the 
diagnostic value of TSH, ROC analysis was performed. In 
vaccinated group, the AUC was 0.594 and the cutoff value 
serum of TSH level was 3.705 uIU/ml with a sensitivity of 
100.0 % and specificity of 23.40%. While the non-vaccinated 
group occupied a significant AUC, which was 0.679 
(P = 0.0096); the cutoff value was 1.025 uIU/ml of serum 
TSH level, the sensitivity and specificity were 46.43 % and 
91.49%, respectively [Figure 10b and Table 4].

Figure 7: (a) Comparison of Calcium concentration in control and patient groups. (b) The area under the curve value shows Calcium as a 
biomarker of the patients’ group

ba

Figure 8: (a) Comparison of phosphate concentration in control and patient groups. (b) The area under the curve value shows phosphate as a 
biomarker of the patients’ group

ba
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DISCUSSION

“COVID-19 represents a wide spectrum of clinical 
presentations, from asymptomatic to critical pneumonia, acute 
respiratory distress syndrome (ARDS), and even death.[30] In 
this study, vaccinated and non-vaccinated COVID-19 patients 
were admitted. Laboratory tests provide critical support for 
the proper clinical management of COVID-19 from screening 
to diagnosis, prognosis, and monitoring.[31] Liver damage 
is prevalent in COVID-19 patients, and it can be brought on 
by an antiviral medication’s functional impairment or a viral 
infection of the bile duct cells. Changes in the primary liver 
disease should be monitored in patients with liver illnesses, 
and individuals with severe diseases should have more 
frequent monitoring and evaluation of their liver function 
during medication.[32] According to the results of the present 
study, the alterations were identified in the average levels of 
ALT, AST, ALP, LDH, TSB, and Albumin.” This result supported 
by Wu et al.[33] who stated that decreased albumin levels and 
increased GGT, AST, and ALT levels are present in individuals 
with severe COVID-19. Liver tests including the liver enzymes 
should be monitored for diagnosing liver damage.[34] While 
some research revealed no correlation between abnormal LFTs 

and death, disease progression, ICU admission, or length of 
hospital stay, other studies identified a relationship between 
abnormal liver function tests (LFTs) and increased disease 
severity and death rates, particularly raised AST and ALT.[35] 
The higher expression levels of ACE2 in the cholangiocytes 
and the changes in liver parameters in individuals with acute 
and prolonged COVID-19, without concurrent increase of TSB 
levels, point to a persistent systemic inflammatory response in 
these patients.[36] Patients with severe COVID-19 had higher 
levels of AST and ALT, according to findings from China.[37-39] 
Numerous investigations have revealed varying degrees of 
elevated liver enzymes in COVID-19 individuals, primarily 
manifested by abnormal amounts of AST and ALT, along with 
modestly raised levels of GGT, ALP, and TSB.[40] “In addition, 
Piano et al.[41] showed that LFTs abnormality is commonly 
observed on admission in patients with COVID-19 and it is 
associated with systemic inflammation, organ dysfunction and 
is an independent predictor of transfer to the ICU or death 
during the hospitalization. In COVID-19 disease a similar 
trend was found; analysis of 11 studies Aziz et al.[42] which 
showed that the mean serum of albumin on admission was 
3.50 g/dl and 4.05 g/dl in severe and non-severe COVID-19, 

Figure 9: (a) Comparison of PTH concentration in control and patient groups. (b) The area under the curve value shows PTH as a biomarker of 
the patients’ group

ba

Figure 10: (a) Comparison of TSH concentration in control and patient groups. (b) The area under the curve value shows TSH as a biomarker 
of the patients’ group

ba
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respectively”. Our results also are consistent with a recent 
study by Petimani et al.[43] who showed that total and direct 
bilirubin, ALT, AST, and ALP levels were highly increased in 
unvaccinated group. As well as fewer levels serum albumins 
and total protein were noted in the unvaccinated patients 
compared to vaccinated individuals. In addition, in their 
retrospective analysis,[44] found that the concentration of 
serum ALT and AST in unvaccinated patients with COV-2 
significantly higher (P<0.01) than those in vaccinated group 
patients. There is strong evidence that the onset of COVID-19 
illness is correlated with LDH levels.[45] According to a study, 
intensive care unit (ICU) patients had far higher levels of LDH 
than non-ICU patients (248 U/L vs. 151 U/L, P = 0.002). LDH 
might be a severe disease indicator that can be predicted.[46] 
Furthermore, Malik et al.[47] found a significant association 
of COVID-19 severity with different biomarkers among 
them elevated levels of ALT and LDH. likeness to our study, 
the findings of a prior study conducted by Fatima et al.[9] 
who documented that LDH value significantly decreased 
from (419 IU/L) in non-vaccinated patients to (367 IU/L) in 
vaccinated individuals. This finding is in line with research 
conducted by Raza et al.[8] who explained that the mean 
blood LDH concentration was much higher (P  <  0.01) in 
unvaccinated patients than in vaccinated group. Elevated 
quantities of LDH are indicative of cellular damage brought on 
by plasma membrane destruction, and pulmonary damage can 
be well predicted by measuring LDH levels in the early stages 
of severe COVID-19 patients.[48] Another research that in line 
with our findings[49] demonstrated that LDH levels were much 
lower in patients who received vaccines than those who did 
not receive vaccines. Thus, given that altered hepatic enzymes 
have been linked to an increased risk of ICU support, death 
rates, ARDS, and comorbidities, the effect of vaccination status 
on liver markers might be considerable.

The process of bone mineralization requires the minerals 
calcium and phosphorus. These two elements can be dissolved in 
serum or located intracellularly in soft tissues; they are present 
in bones.[20] Three hormones mainly regulate phosphorus 
and calcium levels in the body: parathyroid hormone 
(PTH), fibroblast growth factor and Vitamin D 25 (OH).[50] 
According to our result, we found that the concentration of 
PTH in vaccinated and unvaccinated COVID-19 patients was 
significantly lower than that in the serum PTH of the healthy 
group, additionally, calcium and phosphate decreased in 
COVID-19  patients when compared to the control group. 
“The first report of a severely hypocalcemic COVID-19 patient 
was made in April 2020. Since then, several studies have 
reported that hypocalcemia is correlated with inflammation, 
biomarkers of thrombosis, disease severity, and mortality in 
COVID-19 patients”.[21] Our findings were consistent with the 
study of Yang et al. and Cappellini et al.[23,51] they arrived at 
the conclusion that deficiencies of calcium and phosphorus 
could serve as promising clinical biomarkers for discriminative 
assessment, suggesting the severity of COVID-19  patients. 
Studies have found that patients with osteoporosis are more 
likely to be infected with SARS-COV-2 and have more severe 
osteoporosis after SARS-COV-2, and some patients have 
osteoporosis as a complication.[18] The research results of 
Elham et al.[52] demonstrated that COVID-19 patients’ serum 
concentration of calcium, Vitamin D, and zinc were lower 

than those of the healthy groups. Furthermore, Cappellini 
et al.[51] documented that Serum calcium modifications may 
be due to alterations in intestinal absorption, imbalance in 
the regulatory mechanism involving PTH and D-Vitamin, 
or a direct effect caused by SARS-COV-2. Similarity, Bajpai 
et al.[53] compared the severity of COVID-19 Pneumonia in 
Vaccinated with Non-vaccinated Patients from a Tertiary 
Care Center in India, they demonstrated that serum calcium 
slightly fewer in non-vaccinated group than in patients who 
received vaccine.

Serum phosphate dysregulation in COVID-19  patients 
may be linked to many disorders. Low serum phosphorus 
is associated with a number of clinical problems, especially 
in critically ill and ICU patients.[54] A study of Javdani 
et  al.[22] demonstrated how hypophosphatemia is linked to 
serious lung damage, while greater phosphate levels may 
be associated with improved lung outcomes from COVID-19 
computed tomography (CT) scans. This may establish a 
connection between the parathyroid gland and COVID-19 and 
aid physicians in the management of hospitalized patients. 
Hypophosphatemia in COVID-19 individuals can be caused 
by renal loss, large bowel dysfunction, acute kidney injury 
(AKI), insufficient intake, and pulmonary alkalosis.[54,55] 
Severe and critically ill COVID-19  patients have disrupted 
Ca and P homeostasis. For individuals with COVID-19 at a 
severe or critical stage, it is crucial to increase the monitoring 
of serum Ca and P levels and to start treatment as soon as 
possible to improve the prognosis.[23] The findings of Abobaker 
et al.[24] stated that there are two potential ways in which 
COVID-19 may impact parathyroid gland function: directly, 
through the SARS-CoV-2 virus invading parathyroid gland 
tissues, or indirectly, through lung damage and chronic 
alkalosis of the lungs. These latter two mechanisms may be 
further explanations for the high incidence of hypocalcemia 
in COVID-19  patients. Inflammatory cytokines and immune 
system activation can lead to alterations in the concentrations 
of parathyroid hormone, phosphorus, and calcium.[50]

In COVID-19  patients, thyroid function problems are 
common, particularly in severe cases. The non-thyroidal disease 
syndrome could help to partially explain this.[56] On the basis 
of our study, the serum level of TSH significantly decreased in 
unvaccinated COVID-19 patients and somewhat depletion in 
vaccinated individuals as compared to the control group. Omit 
it that results are in line with previous study of Gong et al.[26] 
who indicated that decreased TSH levels were a separate risk 
factor for death in these patients, and that reduced FT4 and 
TSH levels were linked to mortality in individuals with both 
COVID-19 and non-thyroidal disease syndrome. Furthermore, 
Chen et al.[25] reported that after admission, the TSH and FT4 
levels of verified COVID-19-positive individuals were low, but 
on their recovery, the levels rebounded to normal. Similarity, 
Khoo et al.[57] conducted a research on 456 individuals in 
London and found modest decreases in TSH and FT4, consistent 
with a non-thyroidal disease condition. On the other hand, in a 
study of Chen et al.[58] in China of 50 patients with COVID-19, 
they noted a generalized reduction in TSH, T4, and T3 more 
consistent with a non-thyroidal illness pattern. The studies 
indicated that TSH inhibits osteoclastogenesis, which protects 
bone.[59] It’ is been suggested that TSH might directly inhibit 
bone turnover by acting on both osteoblasts and osteoclasts’ 
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TSH receptors.[60] Hence, these clinical parameters are helpful 
for the diagnosis and monitoring of COVID‐19 patients

Vaccinated persons are now generally acknowledged to be 
less risky than unvaccinated individuals. An Israeli study found 
that those who received the Pfizer-BioNTech vaccination had a 
higher level of long-term safety from COVID-19 syndrome than 
those who did not receive the vaccination.[61] An additional 
study conducted in Israel using data from 5526 unvaccinated 
COVID-19  cases revealed that 4.6 out of 100,000 infected 
persons required hospitalization, compared to 0.3 out of 
100,000 in the vaccinated community. Only 596 cases were 
available for the vaccinated population, though. Comparably, 
the statistics showed that for the unvaccinated group, the 
death rate was 0.6 per 100,000, while for the vaccinated 
population, it was 0.1 per 100,000.[62] In additions, 
Havers et  al.[5] According to the results of their descriptive 
investigation, unvaccinated adults’ hospitalization rates for 
COVID-19 were more than ten times greater than those of 
vaccinated individuals during the 1st  year the vaccine was 
made available in the US.

CONCLUSION

This study demonstrates that COVID-19 vaccination can 
be helpful at minimizing the disease’s severity. Vaccinated 
patients had milder disease with less abnormality of liver 
parameters and bone markers compared to the unvaccinated 
group. Increased serum level of liver enzymes including ALT, 
AST, ALP, TSB, and LDH, as well as decreased serum albumin 
were correlated with non-vaccinated COVID-19 patients when 
compared to the vaccinated group. In addition, according to 
bone markers, we found that SARS-COV-2 either directly or 
indirectly affects bone health. Low level of serum Ca, P, PTH, 
and TSH concentrations were associated with both vaccinated 
and non-vaccinated COVID-19 patients. Therefore, the bone 
health status of COVID-19 patients and liver biomarkers are 
important for the monitoring and diagnosis of disease severity 
in SARS-COV-2  patients. COVID-19 vaccines cannot prevent 
infection with SARS-COV-2, but they decrease hospitalization 
rate and disease severity in most patients.

REFERENCES
1.	 F. Shahi, S. R. Safaee Nodehi, S. Fekrvand, F. Fathi, M. R. Dabiri, 

A. Abdollahi and H. Hosseini. The evaluation of hematological 
parameters and their correlation with disease prognosis in 
COVID-19 Disease in Iran. International Journal of Hematology-
Oncology and Stem Cell Research, vol. 17, pp. 89-99, 2023.

2.	 D. Yesudhas, A. Srivastava and M. M. Gromiha. COVID-19 
outbreak: History, mechanism, transmission, structural studies 
and therapeutics. Infection, vol. 49, no. 2, pp. 199-213, 2021.

3.	 B. Popovska Jovičić, I. Raković, J. Gavrilović, S. Sekulić Marković, 
S. Petrović, V. Marković, A. Pavković, P. Čanović, R.  Radojević 
Marjanović, V. Irić-Čupić, L. Popović Dragonjić and 
M.  Z.  Milosavljević. Vitamin D, albumin, and D-Dimer as 
significant prognostic markers in early hospitalization in patients 
with COVID-19. Journal of Clinical Medicine, vol. 12, no. 8, 2023.

4.	 S. A. Tabatabaeizadeh. Airborne transmission of COVID-19 and 
the role of face mask to prevent it: A systematic review and meta-
analysis. European Journal of Medical Research, vol.  26, no.  1, 
p. 1, 2021.

5.	 F. P. Havers, H. Pham, C. A. Taylor, M. Whitaker, K. Patel, O. Anglin, 
A. K. Kambhampati, J. Milucky, E. Zell, H. L. Moline, S. J. Chai, 

P. D. Kirley, N. B. Alden, I. Armistead, K. Yousey-Hindes, 
J. Meek, K. P. Openo, E. J. Anderson, L. Reeg,… & A. Kohrman, 
COVID-19-Associated Hospitalizations Among Vaccinated and 
unvaccinated adults 18 years or older in 13 US states, January 
2021 to April 2022. JAMA Internal Medicine, vol.  182, no.  10, 
pp. 1071-1081, 2022.

6.	 J. L. Excler, M. Saville, L. Privor-Dumm, L. Privor-Dumm, 
S.  Gilbert, P. J. Hotez, D. Thompson, S. Abdool-Karim and 
J. H. Kim. Factors, enablers and challenges for COVID-19 vaccine 
development. BMJ Global Health, vol. 8, no. 6, 2023.

7.	 R. B. Singh, U. P. S. Parmar, F. Kahale, A. Agarwal and E. Tsui. 
Vaccine-associated uveitis after COVID-19 vaccination: Vaccine 
adverse event reporting system database analysis. Ophthalmology, 
vol. 130, no. 2, pp. 179-186, 2023.

8.	 S. N. Raza, S. Kumar, A. Khatoon, N. Hussain and U. Kayani. 
Outcome and severity of COVID-19 in vaccinated and 
unvaccinated patients. Pakistan Journal of Medical and Health 
Sciences, vol. 17, no. 6, pp. 89-91, 2023.

9.	 S. Fatima, A. Zafar, H. Afzal, T. Ejaz, S. Shamim, S. Saleemi and 
A. Subhan Butt. COVID-19 infection among vaccinated and 
unvaccinated: Does it make any difference? PLoS One, vol. 17, 
no. 7, p. e0270485, 2022.

10.	 G. Ponti, M. Maccaferri, C. Ruini, A. Tomasi and T. Ozben. 
Biomarkers associated with COVID-19 disease progression. 
Critical Reviews in Clinical Laboratory Sciences, vol.  57, no.  6, 
pp. 389-399, 2020.

11.	 X. Chai, L. Hu, Y. Zhang, W. Han, Z. Lu, A. Ke, J. Zhou, G. Shi, N. 
Fang, J. Fan, J. Cai, J. Fan and F. Lan. Specific ACE2 Expression 
in Cholangiocytes May Cause Liver Damage After 2019-nCoV 
Infection. bioRxiv [Preprint], 2020.

12.	 I. G. Lempesis, E. Karlafti, P. Papalexis, G. Fotakopoulos, 
K.  Tarantinos, V. Lekakis, S. P. Papadakos and E. Cholongitas. 
Georgakopoulou VECOVID-19 and liver injury in individuals 
with obesity. World Journal of Gastroenterology, vol.  29, no.  6, 
p. 908, 2023.

13.	 N. Aghamohamadi, F, Shahba, A. Zarezadeh Mehrabadi, 
H.  Khorramdelazad, M. Karimi, R. Falak and R. Z. Emameh. 
Age-dependent immune responses in COVID-19-mediated liver 
injury: Focus on cytokines. Frontiers in Endocrinology (Lausanne), 
vol. 14, p. 1139692, 2023.

14.	 S. W. Zhao, Y. M. Li, Y. L. Li and C. Su. Liver injury in COVID-19: 
Clinical features, potential mechanisms, risk factors and clinical 
treatments. World Journal of Gastroenterology, vol.  29, no.  2, 
pp. 241-256, 2023.

15.	 I. C. De Lima, D. C, De Menezes, J. H. E. Uesugi, C. N. C, Bichara, 
P. F. Da Costa Vasconcelos, J. A. S, Quaresma and L. F. M. Falcão. 
Liver function in patients with long-term coronavirus disease 
2019 of up to 20 months: A cross-sectional study. International 
Journal of Environmental Research and Public Health, vol.  20, 
no. 7, p. 5281, 2023.

16.	 R. Yang, J. Feng, H. Wan, X. Zeng, P. Ji and J. Zhang. Liver injury 
associated with the severity of COVID-19: A meta-analysis. Front 
Public Health, vol. 11, p. 1003352, 2023.

17.	 K. Kerschan-Schind, P. Dovjak, M. Butylina, A. Rainer, 
B. Mayr, V. Röggla, H. Haslacher, M. Weber, G. Jordakieva and 
P. Pietschmann. Moderate COVID-19 disease is associated with 
reduced bone turnover. Journal of Bone and Mineral Research, 
vol. 38, no. 7, pp. 943-950, 2023.

18.	 C. L. Hu, M. J. Zheng, X. X. He, D. C. Liu, Z. Q. Jin, W. H. Xu, 
P. Y. Lin, J. W. Cheng and Q. G. Wei. COVID-19 and bone health. 
European Review for Medical and Pharmacological Sciences, 
vol. 27, no. 7, pp. 3191-3200, 2023.

19.	 A. Moretti, S. Liguori, M. Paoletta, S. Migliaccio and G.  Toro, 
F. Gimigliano, Iolascon G. Bone fragility during the COVID-19 
pandemic: The role of macro-and micronutrients. Therapeutic 
Advances in Musculoskeletal Disease, vol. 15, p. 1-23, 2023.

20.	 L. Anghel, C. Manole, A. Nechita, A. L. Tatu, B. I. Ștefănescu, 



Ahmed, et al.: Comparison of Biochemical Parameters in Vaccinated

56	 http://journals.cihanuniversity.edu.iq/index.php/cuesj� CUESJ 2024, 8 (1): 46-57

L.  Nechita, C. Bușilă, P. Zainea, L. Baroiu and C. L. Mușat. 
Calcium, phosphorus and magnesium abnormalities associated 
with COVID-19 infection, and Beyond. Biomedicines, vol.  11, 
no. 9, p. 2362, 2023.

21.	 B. Berktaş, A. Gökçek, N. Hoca and A. Koyuncu. COVID-19 
illness and treatment decrease bone mineral density of 
surviving hospitalized patients. European Review for Medical and 
Pharmacological Sciences, vol. 26, no. 8, pp. 3046-3056, 2022.

22.	 F. Javdani, S. Parsa, H. Shakeri, N. Hatami, N. Kalani, M. 
Haghbeen, R. Raufi, A. Abbasi, P. Keshavarz, S. A. Hashemi and 
A. Shafiee. Phosphate levels and pulmonary damage in COVID-
19 patients based on CO-RADS scheme. Updates in Emergency 
Medicine, vol. 1, no. 1, pp. 15-20, 2020.

23.	 C. Yang, X. Ma, J. Wu, J. Han, Z. Zheng, H. Duan, Q. Liu, C. Wu 
and Y. Dong, L. Dong. Low serum calcium and phosphorus 
and their clinical performance in detecting COVID-19 patients. 
Journal of Medical Virology, vol. 93, no. 3, pp. 1639-1651, 2021.

24.	 A. Abobaker and A. Alzwi. The effect of COVID-19 on parathyroid 
glands. Journal of Infection and Public Health, vol.  14, no.  6, 
pp. 724-725, 2021.

25.	 Y. Chen, X. Li, Y. Dai and J. Zhang. The association between 
COVID-19 and thyroxine levels: A meta-analysis. Front Endocrinol 
(Lausanne), vol. 12, p. 779692, 2021.

26.	 J. Gong, D. K. Wang, H. Dong, Q. S. Xia, Z. Y. Huang, Y. Zhao, 
X. Chen, F. Yuan, J. B. Li and F. E. Lu. Prognostic significance 
of low TSH concentration in patients with COVID-19 presenting 
with non-thyroidal illness syndrome. BMC Endocrine Disorders, 
vol. 21, no. 1, p. 111, 2021.

27.	 M. Zaidi, T. F. Davies, A. Zallone, H. C. Blair, J. Iqbal, S. S. Moonga, 
J. Mechanick and L. Sun. Thyroid-stimulating hormone, thyroid 
hormones, and bone loss. Current Osteoporosis Reports, vol.  7, 
no. 2, pp. 47-52, 2009.

28.	 T. Deng, W. Zhang, Y. Zhang, M. Zhang, Z. Huan, C. Yu, X. Zhang, 
Y. Wang and J. Xu. Thyroid-stimulating hormone decreases the 
risk of osteoporosis by regulating osteoblast proliferation and 
differentiation. BMC Endocrine Disorders, vol.  21, no.  1, p.  49, 
2021.

29.	 V. Yanachkova, T. Stankova and R. Staynova. Thyroid dysfunction 
as a long-term post-covid-19 complication in mild-to-moderate 
COVID-19. Biotechnology and Biotechnological Equipment, 
vol. 37, no. 1, pp. 194-202, 2023.

30.	 S. Kumari, S. Nayak, S. Tripathy, S. Bhuniya, M. Mangaraj, 
B.  Ramadass, S. Sahu, D. Bandyopadhyay, P. Dash and 
G. K. Saharia. Analysis of biochemical and inflammatory markers 
for predicting COVID-19 severity: Insights from a tertiary 
healthcare institution of Eastern India. Cureus, vol. 15, no. 1, p. 
e33893, 2023.

31.	 D. A. Barbosa, P. L. Zanão, G. S. Higino, J. L. Grandi, 
A. G. S. Belasco and C. D. D. Fonseca. Biochemical changes in 
patients with COVID-19. Acta Paulista de Enfermagem, vol.  36, 
p. eAPE01112, 2023.

32.	 J. Wu, S. Song, H. C. Cao and L. J. Li. Liver diseases in 
COVID-19: Etiology, treatment and prognosis. World Journal 
of Gastroenterology, vol.  26, no.  19, pp.  2286-2293, 2020. [in 
english]

33.	 Y. Wu, H. Li, X. Guo, E. M. Yoshida, N. Mendez-Sanchez, 
G. B. L.  Sandri, R. Teschke, F. G. Romeiro, A. Shukla and 
X.  Qi. Incidence, risk factors, and prognosis of abnormal liver 
biochemical tests in COVID-19 patients: A systematic review and 
meta-analysis. Hepatology International, vol.  14, pp.  621-637, 
2020.

34.	 J. C. Kariyawasam, U. Jayarajah, V. Abeysuriya, R. Riza and 
S. L.  Seneviratne. Involvement of the liver in COVID-19: 
A systematic review. American Journal of Tropical Medicine and 
Hygiene, vol. 106, no. 4, pp. 1026-1041, 2022.

35.	 A. Bertolini, I. P. Van de Peppel, F. A. J. A. Bodewes, H. Moshage, 
A. Fantin, F, Farinati, R. Fiorotto, J. W. Jonker, M. Strazzabosco, 

H. J. Verkade and G. Peserico. Abnormal liver function tests in 
patients with COVID-19: Relevance and potential pathogenesis. 
Hepatology, vol. 72, no. 5, pp. 1864-1872, 2020. [in English]

36.	 B. E. Fan, V. C. L. Chong, S. S. W. Chan, G. H. Lim, K. G. E. Lim, 
G. B. Tan, S. S. Mucheli, P. Kuperan and K. H. Ong. Hematologic 
parameters in patients with COVID-19 infection. American 
Journal of Hematology, vol. 95, no. 6, pp. E131-E134, 2020.

37.	 C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, L. Zhang, G. Fan, 
J. Xu, X. Gu, Z. Cheng, T. Yu, J. Xia, Y. Wei, W. Wu, X. Xie, W. Yin,… 
& H. Li. Clinical features of patients infected with 2019 novel 
coronavirus in Wuhan, China. The Lancet, vol. 395, no. 10223, 
pp. 497-506, 2020.

38.	 L. Xu, J. Liu, M. Lu, D. Yang and X. Zheng. Liver injury 
during highly pathogenic human coronavirus infections. Liver 
International, vol. 40, no. 5, pp. 998-1004, 2020.

39.	 C. Wu, X. Chen, Y. Cai, J. Xia, X. Zhou, S. Xu, H. Huang, L. Zhang, 
X. Zhou, C. Du, Y. Zhang, J. Song, S. Wang, Y. Chao, Z. Yang, 
J.  Xu, X. Zhou, D. Chen, W. Xiong, L. Xu, F. Zhou, J.  Jiang, 
C.  Bai, J.  Zheng and Y. Song. Risk factors associated with 
acute respiratory distress syndrome and death in patients with 
coronavirus disease 2019 pneumonia in Wuhan, China. JAMA 
Internal Medicine, vol. 180, no. 7, pp. 934-943, 2020.

40.	 I. Garrido, R. Liberal and G. Macedo. Review article: COVID-19 
and liver disease-what we know on 1st  May 2020. Alimentary 
Pharmacology and Therapeutics, vol.  52, no.  2, pp.  267-275, 
2020.

41.	 S. Piano, A. Dalbeni, E. Vettore, D. Benfaremo, M. Mattioli, 
C. G. Gambino, V. Framba, L. Cerruti, A. Mantovani, A. Martini, 
M. M. Luchetti, R. Serra, A. Cattelan and R. Vettor, P. Angeli and 
COVID-LIVER Study Group. Abnormal liver function tests predict 
transfer to intensive care unit and death in COVID-19. Liver 
International, vol. 40, no. 10, pp. 2394-2406, 2020.

42.	 M. Aziz, R. Fatima, W. Lee-Smith and R. Assaly. The association 
of low serum albumin level with severe COVID-19: A systematic 
review and meta-analysis. Critical Care, vol. 24, p. 225, 2020.

43.	 M. S. Petimani, P. Adake, P. H and D. Kaladharan. Comparison 
of biochemical and hematological parameters among 
COVID-19  patients with and without vaccination in a tertiary 
care hospital: A  retrospective. Pharmaceutical and Biomedical 
Research, vol. 9, no. 1, pp. 45-52, 2023.

44.	 Y. E. Ozdemir, M. S. Tarhan, B. Kizilçay, M. Sönmezişik, E. Canbolat 
Ünlü, D. Borçak, S. Sürme, M. Ş. Özdemir, O. F. Bayramlar, 
Z.  Yeşilbağ, S. Şenoğlu, H. Gedik and K. K. Yaşar. Comparison 
of clinical outcomes of coronavac vaccinated and unvaccinated 
older adults with hospitalized covid-19. Turkish Journal of 
Geriatrics/Türk Geriatri Dergisi, vol. 25, no. 4, pp. 622-631, 2022.

45.	 D. Ferrari, A. Motta, M. Strollo, G. Banfi and M. Locatelli. 
Routine blood tests as a potential diagnostic tool for COVID-19. 
Clinical Chemistry and Laboratory Medicine, vol.  58, no.  7, 
pp. 1095-1099, 2020.

46.	 W. Luo, Y. Lin, X. Yao, Y. Shi, F. Lu, Z. Wang and D. Wu. Clinical 
Findings of 35 Cases with Novel Coronavirus Pneumonia Outside 
of Wuhan. Research Square [Preprint], 2020.

47.	 P. Malik, U. Patel, D. Mehta, N. Patel, R. Kelkar, M. Akrmah and 
J. L. Gabrilove, H. Sacks. Biomarkers and outcomes of COVID-19 
hospitalisations: Systematic review and meta-analysis. BMJ 
Evidence-Based Medicine, vol. 26, no. 3, pp. 107-108, 2021.

48.	 P. Pinar Deniz, İ. Hanta, P. Duru Çetinkaya, O. Altınöz, Y. Tasova 
and B. Mete. The effect of vaccination on biochemical and 
inflammatory markers in hospitalized COVID-19 patients. Kafkas 
Journal of Medical Sciences, vol. 13, no. 2, pp. 155-159, 2023.

49.	 H. N. Jasim and I. J. Nasser. Comparative study of vaccinated and 
non-vaccinated patients of covid19 in inflammatory markers in 
Diyala governorate. Revis Bionatura, vol. 8, p. 51, 2023.

50.	 L. Anghel, C. Manole, A. Nechita, A. L. Tatu, B. I. Ștefănescu, L. 
Nechita, C. Bușilă, P. Zainea, L. Baroiu and C. L. Mușat. Calcium, 
phosphorus and magnesium abnormalities associated with 



Ahmed, et al.: Comparison of Biochemical Parameters in Vaccinated

57	 http://journals.cihanuniversity.edu.iq/index.php/cuesj� CUESJ 2024, 8 (1): 46-57

COVID-19 infection, and beyond. Biomedicines, vol. 11, p. 2362, 
2023.

51.	 F. Cappellini, R. Brivio, M. Casati, A. Cavallero, E. Contro and 
P. Brambilla. Low levels of total and ionized calcium in blood of 
COVID-19 patients. Clinical Chemistry and Laboratory Medicine, 
vol. 58, no. 9, pp. e171-e173, 2020.

52.	 A. S. Elham, K. Azam, J. Azam, L. Mostafa, B. Nasrin and 
N. Marzieh. Serum vitamin D, calcium, and zinc levels in patients 
with COVID-19. Clinical Nutrition ESPEN, vol. 43, pp. 276-282, 
2021.

53.	 J. Bajpai, S. Kant, A. Verma, A. K. Patwa, V. Atam, S. C. Chaudhary 
and A. Pandey. The severity of COVID 19 pneumonia in vaccinated 
vs. Non-vaccinated patients in the second wave: An experience 
from a tertiary care center in India. Cureus, vol.  14, no.  5, p. 
e25378, 2022.

54.	 M. Fakhrolmobasheri, M. Vakhshoori, M. Heidarpour, A. Najimi, 
A.  M. Mozafari and H. Rezvanian. Hypophosphatemia 
in coronavirus disease 2019 (COVID-19), complications, 
and considerations: A  systematic review. BioMed Research 
International, vol. 2022, p. 1468786, 2022.

55.	 M. Hadavi, F. Taghinezhad, E. Shafiei, S. H. Babakr, 
S.  Bastaminejad, M. Kaffashian, I. Ahmadi and A. Mozafari. 
Hypo-and hyperphosphatemia at admission as independent 
factors of mortality of COVID-19  patients: Findings from a 
retrospective cohort study. International Journal of Endocrinology 
and Metabolism, vol. 20, no. 3, p. e126386, 2022.

56.	 W. Wang, X. Su, Y. Ding, W. Fan, W. Zhou, J. Su, Z. Chen, 
H. Zhao, K. Xu, Q. Ni, X. Xu, Y. Qiu and L. Teng. Thyroid function 
abnormalities in COVID-19 patients. Front Endocrinol (Lausanne), 

vol. 11, p. 623792, 2020.
57.	 B. Khoo, T. Tan, S. A. Clarke, E. G. Mills, B. Patel, M. Modi, 

M. Phylactou, P. C. Eng, L. Thurston, E. C Alexander, K. Meeran, 
A. N. Comninos, A. Abbara and W. S Dhillo. Thyroid function before, 
during, and after COVID-19. The Journal of Clinical Endocrinology 
and Metabolism, vol. 106, no. 2, pp. e803-e811, 2021.

58.	 M. Chen, W. Zhou and W. Xu. Thyroid function analysis in 
50  patients with COVID-19: A  retrospective study. Thyroid, 
vol. 31, no. 1, pp. 8-11, 2021.

59.	 R. Ma, S. Morshed, R. Latif, M. Zaidi and T. F. Davies. The influence 
of thyroid-stimulating hormone and thyroid-stimulating hormone 
receptor antibodies on osteoclastogenesis. Thyroid, vol. 21, no. 8, 
pp. 897-906, 2011.

60.	 T. M. Galliford, E. Murphy, A. J. Williams, J. H. D. Bassett and 
G. R. Williams. Effects of thyroid status on bone metabolism: 
A  primary role for thyroid stimulating hormone or thyroid 
hormone? Minerva Endocrinologica, vol. 30, no. 4, pp. 237-246, 
2005. [in English]

61.	 F. Kreier. Long-COVID symptoms less likely in vaccinated people, 
Israeli data say. Nature, Epub ahead of print, 2022. https://doi.
org/10.1038/d41586-022-00177-5

62.	 E. J. Haas, F. J. Angulo, J. M. McLaughlin, E. Anis, S. R. Singer, 
F. Khan, N. Brooks, M. Smaja, G. Mircus, K. Pan, J. Southern, 
D. L. Swerdlow and L. Jodar, Y. Levy, S. Alroy-Preis.Impact and 
effectiveness of mRNA BNT162b2 vaccine against SARS-CoV-2 
infections and COVID-19  cases, hospitalisations, and deaths 
following a nationwide vaccination campaign in Israel: An 
observational study using national surveillance data. The Lancet, 
vol. 397, no. 10287, pp. 1819-1829, 2021.


