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Introduction: The aim of this study is to evaluate the difference in homocysteine levels between vaccinated and 
unvaccinated patients and determine the relationship between blood homocysteine levels and prognosis in hospi-
talized patients due to COVID-19.
Methods: This retrospective study was carried out in our hospital on 50 patients, 19 (38%) males and 31 (62%) females, 
who were hospitalized due to COVID-19. The patients were divided into two groups: vaccinated and unvaccinated. 
White blood cell count, lymphocyte count, C-reactive protein, D-dimer levels, and homocysteine levels taken at the 
time of hospitalization of the patients included in the study were evaluated.
Results: The mean age of all patients included in the study was 66.1±16.16 years. Of the included patients, 22 (44%) 
were vaccinated and 28 (56%) were unvaccinated. As a clinical prognosis, 32 patients (64%) were followed up in the 
ward. Twelve (24%) patients were intubated and discharged after treatment. However, 6 (12%) patients were intubat-
ed and unfortunately died. Six of the patients included in the study were mortal. Among these patients, 1 was vacci-
nated and 5 were not vaccinated. The mean D-dimer level of these patients was 965.16±544.39. All expired patients 
were hyperhomocysteinemic, and the mean homocysteine levels were 18.18±5.8 μmol/L in this group.
Discussion and Conclusion: Although D-dimer was found to be significantly higher at the time of admission to the 
hospital in unvaccinated individuals, there was no significant difference in blood homocysteine levels between vacci-
nated and unvaccinated COVID-19 patients.
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COVID-19 is a pandemic that has resulted in high mor-
tality and morbidity worldwide. Although it mostly 

causes lung damage and hospitalizations due to hypoxia, 
vascular damage and related serious complications are 

also frequently seen in the course of the disease. Unfortu-
nately, an inexpensive and effective treatment has not yet 
been developed. For this reason, prevention of the disease 
has come to the fore and vaccines have been developed.[1,2]
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Since the beginning of the COVID-19 pandemic, biomarkers 
showing disease severity, mortality, and complications con-
tinue to be investigated. In this regard, laboratory data such 
as D-dimer, platelet count, and neutrophil–lymphocyte ra-
tio were evaluated, but highly sufficient and reliable results 
could not be achieved.[3] To predict the severity and mortal-
ity of COVID-19, the level of biochemical parameters such 
as white blood cell (WBC) count, lymphocyte count, C-re-
active protein (CRP) level, lactate dehydrogenase, creatine 
kinase, and troponin are to be closely monitored in treated 
patients.[4,5] Homocysteine, which is mainly followed in the 
course of cardiovascular diseases and known to be close-
ly related to thrombosis, is one of the biomarkers that has 
been recently researched to show the severity of COVID-19 
disease and to predict complications and mortality.[6]

If acute respiratory distress syndrome occurs in patients fol-
lowed up for COVID-19, cytokine storm and oxidative stress 
may occur in the course of this disease.[7] Homocysteine is 
an intermediate in the trans-sulfuration pathway. Studies 
in chronic diseases showed that oxidative stress causes a 
decrease in S-adenosylmethionine and an increase in ho-
mocysteine levels.[8] In addition, rapid viral replication in 
RNA virus infections affects methyltransferase activity and 
may lead to impaired coordination between remethylation 
and trans-sulfuration reactions.[9] Hyperhomocysteinemia 
occurs by this mechanism in RNA virus infections.[10]

The aim of this study is to evaluate the difference in ho-
mocysteine levels between vaccinated and unvaccinated 
patients and determine the relationship between blood 
homocysteine levels and prognosis in hospitalized patients 
due to COVID-19.

Materials and Methods
This retrospective study was carried out by scanning the 
files of a total of 50 patients, 19 (38%) males and 31 (62%) 
females, who were hospitalized in our university hospital 
due to COVID-19 between August 2021 and February 2022. 
University ethics committee approval was obtained with 
serial number 2021017. This study was conducted in com-
pliance with the Declaration of Helsinki and Good Clinical 
Practices guidelines.

The diagnosis of COVID-19 of each patient included in the 
study was performed by taking a nasopharyngeal swab with 
real-time PCR method. The patients were divided into two 
groups: vaccinated and unvaccinated. Patients in the vacci-
nated group received at least 2 doses of Pfizer-BioNTech vac-
cine, and at least 3 weeks had passed between the disease 
and the vaccine. The same treatment protocol approved by 
the scientific committee was applied to all hospitalized pa-

tients. WBC count, lymphocyte count, CRP, D-dimer levels, 
and homocysteine levels taken at the time of hospitalization 
of the patients included in the study were evaluated. Ho-
mocysteine levels and other biochemical parameters were 
studied by Roche Hitachi Cobas 601 (Switzerland) device. 
Homocysteine level > 15 μmol/L was considered as hyper-
homocysteinemia. The patients’ smoking history and the 
presence of chronic diseases such as hypertension, diabetes 
mellitus, and hyperlipidemia were recorded.

Each patient included in the study had a lung tomography 
and was graded according to the CO-RADS (A Categorical 
CT Assessment Scheme for Patients Suspected of Having 
COVID-19) classification system. In addition to radiological 
imaging, patients were divided into three groups accord-
ing to their clinical prognosis. The first group consisted of 
patients with minimal oxygen need and followed up in the 
ward, the second group consisted of patients followed in 
the intensive care unit and intubated due to high oxygen 
demand, and the last group consisted of patients who died 
due to COVID-19.

Patients under the age of 18 years, patients with known 
hyperhomocysteinemia, patients taking antiagregan and/
or anticoagulant treatments due to coagulation disorder, 
pregnant women, and patients with known malignancies 
were not included in the study. All patients diagnosed with 
COVID-19 and did not meet the exclusion criteria and had 
an indication for hospitalization were included in the study.

Statistical Analysis

All data were analyzed by the computer software program 
SPSS, version 20 (SPSS, Inc., Chicago, IL, USA, 2016). Results 
were reported as mean±standard deviation. Group analy-
ses were made with Pearson’s Chi-squared test. Within- and 
between-group differences were analyzed by Student’s 
paired and unpaired t-tests. A value of p<0.05 was consid-
ered statistically significant.

Results
The mean age of all patients included in the study was 
66.1±16.16 years. Of the included patients, 22 (44%) were 
vaccinated and 28 (56%) were unvaccinated. As a clinical 
prognosis, 32 patients (64%) were followed up in the ward. 
Twelve (24%) patients were intubated and discharged after 
treatment. However, 6 (12%) patients were intubated and 
unfortunately died. When the CO-RADS scores of the pa-
tients were compared according to their vaccination status, 
no significant difference was found (p=0.139). In addition, 
when the patients were divided into groups according to 
their CO-RADS scores, no significant difference was found 
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between groups regarding homocysteine and D-dimer lev-
els (p=0.865 and p=0.550).

The demographic data of the patients included in the study 
are shown in Table 1.

Six of the patients included in the study were mortal. 
Among these patients, 1 was vaccinated and 5 were not 
vaccinated. All patients who died had comorbid diseases. 
While 1 patient died due to heart attack, the remaining 5 
patients died due to respiratory failure. The mean age of 
the expired patients was 71.5±8.4 years. The mean D-dimer 
level of these patients was 965.16±544.39. All expired pa-
tients were hyperhomocysteinemic, and the mean homo-
cysteine levels were 18.18±5.8 μmol/L in this group.

The laboratory and clinical characteristics of vaccinated 
and unvaccinated patients are shown in Table 2.

Discussion
This study was conducted to determine the importance of 
homocysteine in determining the prognosis and the effect 
of vaccines on homocysteine level in advanced age inpa-
tients with severe COVID-19. We determined that the aver-
age D-dimer level was significantly higher in unvaccinated 
participants.

Like any other vaccines, vaccines used for the COVID-19 
pandemic also have side effects. The most reported side ef-
fects related to the vaccine are known as local tenderness, 
fever, and headache.[11] D-dimer elevation and thrombo-
embolic events may also occur due to the vaccine.[12] Gen-
erally, thromboembolic events, d-dimer elevation, and se-
rious adverse reactions are seen in women, young people, 
and people who have had COVID-19 before, and they occur 
within an average of 2 weeks after vaccination. In our study, 
at least 3 weeks had passed between the COVID-19 vaccine 
and the hospital admission of the cases. In addition, elderly 
patients predominate in our study. Coronary artery disease 
was detected in only 1 unvaccinated patient, and this pa-
tient also died.

Studies have shown that high homocysteine levels cause 
damage to both small and large vessels.[13] In COVID-19 pa-
tients, blood D-dimer levels may be high due to both the 
destruction of the pulmonary vascular bed and the result-
ing hypoxic damage. However, its importance in determin-
ing the prognosis before this damage occurs in the early 
period is not clear. It has also been shown in a previous 
study that metabolic pathways, including homocysteine, 
activate the angiotensin 2 type 1 receptor.[14] Todua et al.[15] 
found a significant correlation between D-dimer levels and 
homocysteine levels in patients with pulmonary arterial 
thromboembolism. On the other hand, in our study, no sig-
nificant correlation was found between D-dimer levels and 
homocysteine levels (r=0.076, p=0.602).

A recent study conducted in China showed that high blood 
homocysteine level may be an indicator of severe lung in-
volvement.[16] In parallel with this, Ponti et al.[17] suggested 
that homocysteine may be a useful biomarker to predict 
mortality in hospitalized patients in a retrospective study. 
Similarly, Keskin et al.[18] suggested that homocysteine level 
is an important biomarker in the follow-up of COVID-19 pa-
tients. As it is known, methylene tetrahydrofolate reductase 
(MTHFR) polymorphism is accompanied by high homocys-
teine levels. In studies conducted in different populations, 
a positive correlation was found between MTHFR genetic 
polymorphism and the severity of COVID-19 infection. In 
addition, in these studies, it has been suggested that ad-
ministering B12 and folic acid replacement to MTHFR mu-
tant patients and administering treatments that reduce ho-
mocysteine levels may be beneficial for patients.[19] In our 
study, all 5 patients who died were having hyperhomocys-
teinemia. When the vaccinated and unvaccinated groups 
were compared, no statistically significant difference was 
found although homocysteine levels were higher in the un-
vaccinated group.

Table 1. Demographic data of the patients included in the study

Features Vaccinated Unvaccinated p 
 group group 
 (n=22) (n=28)

Age (years) 66.54±13.85 65.75±18.01 0.275
Gender (F/M) 13/9 18/10 0.774
Coronary artery disease 
(present) 12 20 0.174
Smoking history 2 11 0.61

F: Female; M: Male.

Table 2. Laboratory and clinical characteristics of vaccinated and 
unvaccinated patients

Features Vaccinated Unvaccinated p 
 group group 
 (n=22) (n = 28)

Lymphocyte count (103 µL-1) 1.28±0.67 1.36±0.68 0.603
Homocysteine (μmol/L) 14.99±7.19 15.03±6.22 0.120
Ferritin (ng/mL) 455.13±87.65 384.42±92.91 0.882
Platelet count (103 µL-1) 172±64 268±77 0.153
D-dimer level 475.40±393.19 1124.14±832.49 0.000
CRP (mg/L) 69.35±71.38 54.25±63.66 0.363
Number of intubated 
patients 5 (22.7%) 7 (25%) 0.440

CRP: C-reactive protein.
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There are some limitations of the study. The main limitation 
is that the number of patients included in the study was 
low. Second, some other factors may also affect serum ho-
mocysteine levels.

As a result, although D-dimer was found to be significantly 
higher at the time of admission to the hospital in unvac-
cinated individuals, there was no significant difference in 
blood homocysteine levels between vaccinated or unvac-
cinated COVID-19 patients. Larger studies are needed to 
show the relationship between vaccine and homocysteine.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: KSY, SGÇ; Design: KSY, BK; Su-
pervision: KSY, BK; Materials: KSY, SGÇ; Data Collection or Process-
ing: KSY, BK, SGÇ; Analysis or Interpretation: KSY, BK, SGÇ; Literature 
Search: KSY, BK, SGÇ; Writing: KSY, BK, SGÇ; Critical Review: KSY, BK.

Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study re-
ceived no financial support.

References
1. The New York Times. Coronavirus Vaccine Tracker. Available 

at: https://www.nytimes.com/interactive/2020/science/coro-
navirus-vaccine-tracker.html Accessed Oct 5, 2020.

2. Rello J, Belliato M, Dimopoulos MA, Giamarellos-Bourboulis EJ, 
Jaksic V, Martin-Loeches I, et al. Update in COVID-19 in the in-
tensive care unit from the 2020 HELLENIC Athens International 
symposium. Anaesth Crit Care Pain Med 2020;39(6):723–30. 

3. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical fea-
tures of patients infected with 2019 novel coronavirus in 
Wuhan, China. Lancet 2020;395(10223):497–506. [CrossRef ]

4. Bivona G, Agnello L, Ciaccio M. Biomarkers for prognosis 
and treatment response in COVID-19 patients. Ann Lab Med 
2021;41(6):540–8. [CrossRef ]

5. Gallo Marin B, Aghagoli G, Lavine K, Yang L, Siff EJ, Chiang SS, 
et al. Predictors of COVID-19 severity: A literature review. Rev 
Med Virol 2021;31(1):1–10. [CrossRef ]

6. Abu-Farha M, Al-Sabah S, Hammad MM, Hebbar P, Chan-
nanath AM, John SE, et al. Prognostic genetic markers for 
thrombosis in COVID-19 patients: a focused analysis on D-
dimer, homocysteine and thromboembolism. Front Pharma-
col 2020;11:587451. [CrossRef ]

7. Delgado-Roche L, Mesta F. Oxidative stress as key player in 
severe acute respiratory syndrome coronavirus (SARS-CoV) 
infection. Arch Med Res 2020;51(5):384–7. [CrossRef ]

8. McCaddon A, Regland B, Hudson P, Davies G. Functional vi-
tamin B(12) deficiency and Alzheimer disease. Neurology 
2002;58(9):1395–9. [CrossRef ]

9. Romano M, Ruggiero A, Squeglia F, Maga G, Berisio R. A struc-
tural view of SARS-CoV-2 RNA replication machinery: RNA syn-
thesis, proofreading and final capping. Cells 2020;9(5):1267.

10. Roblin X, Pofelski J, Zarski JP. Steatosis, chronic hepatitis 
virus C infection and homocysteine. Gastroenterol Clin Biol 
2007;31(4):415–20. [CrossRef ]

11. Riad A, Pokorná A, Attia S, Klugarová J, Koščík M, Klugar M. 
Prevalence of COVID-19 vaccine side effects among healthcare 
workers in the Czech Republic. J Clin Med 2021;10(7):1428.

12. Hafeez MU, Ikram M, Shafiq Z, Sarfraz A, Sarfraz Z, Jaiswal V, et 
al. COVID-19 vaccine-associated thrombosis with thrombocy-
topenia syndrome (TTS): a systematic review and post hoc anal-
ysis. Clin Appl Thromb Hemost 2021;27:10760296211048815.

13. Balint B, Jepchumba VK, Guéant JL, Guéant-Rodriguez RM. 
Mechanisms of homocysteine-induced damage to the en-
dothelial, medial and adventitial layers of the arterial wall. 
Biochimie 2020;173:100–6. [CrossRef ]

14. Li T, Yu B, Liu Z, Li J, Ma M, Wang Y, et al. Homocysteine directly 
interacts and activates the angiotensin II type I receptor to ag-
gravate vascular injury. Nat Commun 2018;9(1):11. [CrossRef ]

15. Todua F, Akhvlediani M, Vorobiova E, Baramidze A, Tsivtsivadze 
G, Gachechiladze D. Prognostic value of some hemostasis-re-
lated, homocysteine, high sensitive C R P and multidetector 
computed tomography parameters in pulmonary embolism. 
[Article in Russian]. Georgian Med News 2016;(254):37–42. 

16. Yang Z, Shi J, He Z, Lü Y, Xu Q, Ye C, et al. Predictors for imag-
ing progression on chest CT from coronavirus disease 2019 
(COVID-19) patients. Aging (Albany NY) 2020;12(7):6037–48.

17. Ponti G, Roli L, Oliva G, Manfredini M, Trenti T, Kaleci S, et al. 
Homocysteine (Hcy) assessment to predict outcomes of 
hospitalized Covid-19 patients: a multicenter study on 313 
Covid-19 patients. Clin Chem Lab Med 2021;59(9):e354–7. 

18. Keskin A, U Ustun G, Aci R, Duran U. Homocysteine as a marker 
for predicting disease severity in patients with COVID-19. 
Biomark Med 2022;16(7):559–68. [CrossRef ]

19. Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers 
associated with COVID-19 disease progression. Crit Rev Clin 
Lab Sci 2020;57(6):389–99. [CrossRef ]

https://doi.org/10.1016/j.accpm.2020.10.008
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.3343/alm.2021.41.6.540
https://doi.org/10.1002/rmv.2146
https://doi.org/10.3389/fphar.2020.587451
https://doi.org/10.1016/j.arcmed.2020.04.019
https://doi.org/10.1212/WNL.58.9.1395
https://doi.org/10.3390/cells9051267
https://doi.org/10.1016/S0399-8320(07)89402-4
https://doi.org/10.3390/jcm10071428
https://doi.org/10.1177/10760296211048815
https://doi.org/10.1016/j.biochi.2020.02.012
https://doi.org/10.1038/s41467-017-02401-7
https://doi.org/10.18632/aging.102999
https://doi.org/10.1515/cclm-2021-0168
https://doi.org/10.2217/bmm-2021-0688
https://doi.org/10.1080/10408363.2020.1770685

