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Summary The role of vitamin A in the pathophysiological context of coronavirus disease
2019 (COVID-19) represents a current challenge, given the major impact of COVID-19 on
morbidity and mortality and the importance of retinol in pulmonary and immunomodula-
tory functions. The aim of this review is to assess the relationship between vitamin A nutri-
tional status and clinical outcomes in people with COVID-19. The PubMed, Web of Science,
Scopus and ScienceDirect databases were used to search for observational studies that
assessed retinol levels in hospitalized individuals with COVID-19, following the PRISMA
recommendations. A total of 1,912 articles were identified and seven met the inclusion cri-
teria. Four studies showed borderline or deficient retinol blood levels (retinol <0.20 mg/L or
<0.70 mol/L) in people with COVID-19, associated with worsened clinical outcomes. In the
other three studies lower mean values of this vitamin were identified in COVID-19 symp-
tomatic groups compared to asymptomatic or convalescent groups that showed worse clin-
ical outcomes. The results suggest a possible association between retinol and COVID-19 out-
comes. However, there is a clear need to develop clinical trials to elucidate the role of vita-
min A in the pathophysiological process of COVID-19.
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Coronavirus disease 2019 (COVID-19) is an infec-
tious pathology caused by the SARS-CoV-2 virus (1).
Global data from the World Health Organization (WHO)
indicate that by august 2023, 770,085,713 confirmed
cases of COVID-19 have been reported, including
6,956,173 deaths; of these most of the reported cases
occurred in Europe (35.9%), Asia and Oceania (26.7%)
followed by the American continent (25.2%) (2). The
morbimortality caused by this disease is having a major
health impact.

Among the leading causes of death in people with
COVID-19 are those related to the impact of SARS-
CoV-2 on the lung. The virus promotes severe acute
respiratory syndrome, an inflammatory condition asso-
ciated with extensive pulmonary fibrosis, caused by
enhancement of the transition from lipofibroblast to
myofibroblast (3, 4). In this severe inflammatory con-
text, efficient immune response is essential and ade-
quate nutrition becomes imperative to keep the installed
infection under control (5). Furthermore, the pulmo-
nary and immunomodulatory roles of vitamin A are
uncovered, since retinol has a broad effect in modulat-
ing the immune system, promoting epithelial integrity
with formation, keratinization, stratification, differenti-
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ation and functional maturation of epithelial cells (6,
7).

Lipofibroblasts depend on retinoids to initiate, coordi-
nate, and regulate alveolar septum eruption and alveol-
ogenesis. Therefore, the loss of retinoids during the
virus-induced lipofibroblast-myofibroblast transition
may impair the lung’s ability to repair damaged epithe-
lial surfaces, potentially leading to long-lasting injury,
lasting scarring, lung fibrosis and reduced lung capac-
ity, which could manifest in a ‘long COVID-19’ effect. In
addition, it is suggested that SARS-CoV2 may lead to
systemic vitamin A deficiency through a combination
of increased urinary losses, reduced intake and absorp-
tion, and increased utilization of this vitamin (4), not
yet fully clarified.

In view of the above, clarifying the role of vitamin A
in the pathophysiological context of COVID-19 rep-
resents a current challenge and has instigating
researchers, considering its presumed protective effect
against the worsening of the disease. Thus, the present
literature review analyzed the immunological proper-
ties of retinol and to evaluate the relationship between
vitamin A nutritional status and clinical outcomes in
people with COVID-19.
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Fig. 1. Flowchart of the search results in the consulted databases, screening, eligibility and inclusion of articles in the sys-

tematic review. Research 1: Vitamin A AND COVID-19 AND hospitalization; Research 2: Vitamin A AND SARS-CoV-2
AND hospitalization; Research 3: Vitamin A OR Retinol AND COVID-19 AND hospitalization; Research 4: Vitamin A OR
Retinol AND SARS-CoV-2 AND hospitalization. Source: Collected data.
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Methods

Eligibility criteria. ~Clinical trials on the relationship
between COVID-19 and vitamin A are rare because it is
a subject that is currently being discussed, so only
observational studies (cross-sectional and cohort) devel-
oped in humans with COVID-19 and aged over 18y,
without restriction of gender and ethnicity were
included. The search had no publication year limit.
Studies that did not assess retinol levels, were not avail-
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Cochrane risk of bias in non-randomized studies of interventions (ROBINS-I) for the included studies.

able in full, reviews and articles in languages other than
English, Portuguese and Spanish were excluded.

Search and selection strategies. The studies were
selected through the electronic databases PubMed, Sco-
pus, Web of Science and ScienceDirect in December
2022 by two reviewers (IKFO and VCC) independently
and without restrictions on period and language. The
following Medical Subject Headings (MeSH) descriptors
were used: Vitamin A/Retinol/Retinoic Acid/COVID-19/
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Sars-Cov-2/Hospitalization. The Boolean operators
“AND” and “OR” were used as follows: (vitamin A OR
Retinol OR Retinoic Acid) AND (COVID-19 OR Sars-
CoV-2) AND Hospitalization. In case of disagreement
during selection, a careful analysis of the study was
carried out, so that a consensus could be reached
between the evaluators regarding the selection or exclu-
sion of articles.

Data extraction.  After reading the titles and abstracts
in the databases, the articles were exported to EndNote
Web software (Thomson Research Software, Carlsbad,
CA, USA) for complete study reading. A data extraction
form was developed using Excel (version 16.47), where
reviewers recorded the relevant data that were extracted
from the studies. Discrepancies in data extraction were
resolved by discussion or arbitration by a third reviewer
(GSS) if there was no consensus.

Bias risk assessment. The risk of bias was assessed
using the ROBINS-I (Risk Of Bias In Non-Randomized
Studies - of Interventions) tool from the Cochrane plat-
form. The tool assessed seven domains: (I) Confounding
bias, (II) Participant selection bias, (III) Intervention
classification bias, (IV) Intervention deviation bias, (V)
Data loss bias, (VI) Outcome measurement bias, and
(VI) Outcome reporting bias. After analyzing the
domains, classification according to risk (low, moderate,
severe, critical) was performed (8).

Results

The literature search according to the pre-established
strategy resulted in 1,912 articles. Of these, 574 were
from Scopus, 165 from PubMed, 733 from Web of Sci-
ence, and 440 from ScienceDirect. After the selection
and extraction process, 7 articles were included for this
review. Figure 1 shows the flowchart with the results of
the search in the databases, according to the PRISMA
protocol.

Figure 2 shows the results of the Cochrane ROBINS-I
assessment of the quality of the trials included in the
review. Low to moderate risk of bias is observed, thus
characterizing studies with a good methodological
design.

Table 1 presents information from the included arti-
cles, highlighting their respective results and most
important findings.

The selected studies indicate a decrease in retinol lev-
els in COVID-19 patients, with more significant
decreases observed in severe cases, as shown in the
studies by Voelkle et al., Vollenberg et al., Sarohan et al.,
and Al-Saleh et al. (9-12).

Studies by Tepasse et al., Tomasa-Irriguible et al.,
Beigmohammadi et al., and Al-Saleh et al. (12-15)
reported an increase in inflammatory activity and its
possible correlation with adverse clinical outcomes such
as acute respiratory distress syndrome, orotracheal
intubation, and mortality. These findings suggest the
involvement of inflammation in the relationship
between the severity of COVID-19 and vitamin A levels.
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Discussion

This literature review aimed to investigate the rela-
tionship between vitamin A-related nutritional status
and the severity of clinical outcomes in COVID-19,
focusing on blood retinol levels. Seven studies were
selected that evaluated 608 adult and elderly individu-
als of both sexes, aged over 40 y in six different coun-
tries, published between 2020 and 2022.

Based on the international guidelines for vitamin A
deficiency—VAD (16, 17), it was observed that in four
of the selected studies, the mean blood concentrations
of retinol were borderline or deficient (retinol
<0.20 mg/L or <0.70 wmol/L) in people with COVID-
19 (9, 10, 13, 14). In addition, worsening clinical out-
comes were reported when retinol concentrations were
<0.20 mg/L (need for hospitalization and intensive
care unit (ICU) admission, use of mechanical ventila-
tion, intubation, acute respiratory distress syndrome,
and mortality). In the other three studies (11, 12),
although retinol levels <0.20 mg/L were not observed,
lower mean retinol concentrations were found in the
COVID-19 groups compared to controls, which was
associated with worse clinical outcomes.

Four studies evaluated inflammatory markers in par-
ticipants. Found them to be elevated, as well as related
to vitamin A status and worsening outcomes in COVID-
19, reporting retinol deficiency, reduced antioxidant
enzymes, increased disease severity, and higher mortal-
ity. Such clinical manifestations may result from a
hyperinflammatory state with production of various
pro-inflammatory cytokines (TNF-«, IL-6, IL-2, 1L-17,
MCP-1, MIP-1«, CRP, IFN-v, IP-10). These cytokines
are known to cause significant changes in various com-
ponents of the immune system, such as a decrease in T
lymphocytes and natural killer (NK) cells, as well as
reduced levels of IgM and IgG immunoglobulins (18-
21). These data support the hypothesis that elevated
levels of pro-inflammatory cytokines and concomitant
immunocompromised status, coupled with low vitamin
A-levels, are associated with worse prognosis in COVID-
19 (10-13). In fact, over the past three years, COVID-
19 has shown a wide range of clinical manifestations in
infected individuals, from asymptomatic infection to
acute respiratory distress syndrome (ARDS) and multi-
ple organ failure leading to death. These clinical varia-
tions have been studied extensively, but it is already
known that they may be related to characteristics such
as age, history of pre-existing chronic diseases, nutri-
tional status, and nutrient deficiencies (22), including
presumably vitamin A because of its potential protec-
tive role in respiratory and infectious diseases.

It is in this scenario that the relationship between
VAD and worsening prognostic indicators in COVID-19
has attracted the attention of the scientific community.
Vitamin A has a well-known role on primary immune
defense through the alteration of several pathways of
cellular and humoral immune reconstitution. It is also
essential to highlight the importance of vitamin A in
maintaining epithelial integrity, through its active
metabolite all-trans retinoic acid, which regulates the
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production of mucin, an important component in the
physical barrier of defense against pathogens. Thus,
when retinol concentrations are low, this function is
compromised, rendering the cells more vulnerable to
infectious processes (23-25).

Specifically, three studies found a higher incidence of
orotracheal intubation, mechanical ventilation, and
development of acute respiratory distress syndrome
(ARDS). In these studies, retinol concentrations were
found to be less than 0.20 mg/L, providing support for
the hypothesis that vitamin A deficiency heightens sus-
ceptibility to respiratory complications in individuals
suffering from COVID-19 due to alterations in respira-
tory epithelium integrity, heightened inflammatory
response, and compromised immune activity (4, 26).

One mechanism linked to pulmonary involvement in
COVID-19 is the SARS-CoV-2 virus’s high affinity for
binding to angiotensin-converting enzyme-2 (ACE-2),
which enters the tissues and damages surfactant-pro-
ducing alveolar type 2 cells. This damage is caused by
stimulated production of inflammatory cytokines (IL-1,
IL-6, and IL-10) and tumor necrosis factors (27). This
leads to increased capillary permeability and impaired
gas exchange, causing symptoms such as shortness of
breath, hypoxia and hypoxemia (28).

It is crucial to note that the acute inflammatory pro-
cess, high viral load, and associated catabolic changes
of COVID-19 are contributing factors to decreased lev-
els of vitamin A in the blood. Reduced blood concentra-
tions of retinol are also observed due to other mecha-
nisms, including increased urinary loss, hindered mobi-
lization of hepatic deposits (via the inhibition of cyto-
chrome-oxidase enzymes), and decreased intestinal
absorption, which are common occurrences during
infections and acute inflammatory conditions (29-33).

Conclusion

The analysis of the included study results suggests a
correlation between retinol levels and COVID-19 out-
comes. Vitamin A plays a crucial role in the activation
of the immune response, but its deficiency (VAD) wors-
ens the clinical status of patients and increases the risk
of mortality.

However, it is noteworthy that the studies analyzed in
this review were observational and lacked a healthy
control group, which makes it challenging to grasp the
correlation between vitamin A status and severe COVID-
19 complications. It is unclear whether VAD is a pre-ex-
isting condition or a result of viral infection. Random-
ized controlled clinical trials are necessary to determine
the role of vitamin A in the pathophysiology of COVID-
19 and to confirm if retinol concentration is a signifi-
cant prognostic biomarker for both the active and severe
phases of the disease.

OLIVEIRA IKF et al.

Authorship

The drafting and design of the systematic review was
carried out by IKFO, VCC, GSS, AAP, NVNM and MAFA.
IKFO, VCC and GSS were responsible for the database
search. Data interpretation was carried out by IKFO,
VCC, CHRL and AAP. The manuscript was written by
IKFO, VCC, EMMN, MCCM, LAL, PHCR and AAP,
respecting the conventional structure and clear, objec-
tive language.

Disclosure of state of COI
The authors declare that they have no conflicts of
interest.

REFERENCES

1) Alsharif W, Qurashi A. 2021. Effectiveness of COVID-
19 diagnosis and management tools: a review. Radiogra-
phy 27: 682—687.

2)  WHO. WHO coronavirus (covid-19) dashboard. Avail-
able at: https://covid19.who.int/ (access on: 01 Septem-
ber 2023).

3) Singh N, Chawla HV, Kumar A, Singh S. 2022. Role of
vitamin A supplementation in prevention and control
of coronavirus disease-19: A narrative review. Int | Prev
Med 13: 122.

4) Stephensen CB, Lietz G. 2021. Vitamin A in resistance
to and recovery from infection: relevance to SARS-
CoV2. Br] Nutr 126: 1663-1672.

5) Bost M, Richard E, Redonnet-Vernhet I, Parant F, Bolet
L, Dupré, T, Collin-Chavagnac D, Mesli S, Beauvieux MC.
2022. Review of nutritional components in Covid-19:
what about micronutrients?. Ann Biol Clin 80: 319-
331.

6) Murni IK, Prawirohartono EP, Triasih R. 2021. Poten-
tial role of vitamins and zinc on acute respiratory infec-
tions including Covid-19. Global Pediatric Health 31: 8.

7) Turrubiates-Hernandez FJ, Hernandez-Bello ], Oregon-
Romero E, Gonzilez-Estevez G, Munoz-Valle JE. 2021.
Participacion de la vitamina A en la produccion de iga
secretora en el epitelio del tracto respiratorio para la
potencial proteccion de infeccion por SARS-CoV-2. Rev
Alerg Mex 68: 185-197.

8) Sterne JA, Hernan MA, Reeves BC, Savovic ], Berkman
ND, Viswanathan M, Henry D, Altman DG, Ansari MT,
Boutron I, Carpenter JR, Chan AW, Churchill R, Deeks
JJ, Hrébjartsson A, Kirkham J, Jini P, Loke YK, Pigott
TD, Ramsay CR, Regidor D, Rothstein HR, Sandhu L,
Santaguida PL, Schiinemann HJ, Shea B, Shrier I,
Tugwell P, Turner L, Valentine JC, Waddington H,
Waters E, Wells GA, Whiting PF, Higgins JP. 2016. ROB-
INS-I: A tool for assessing risk of bias in non-ran-
domised studies of interventions. BMJ 12: 355.

9) Voelkle M, Gregoriano C, Neyer P, Koch D, Kutz A, Ber-
nasconi L, Conen A, Mueller B, Schuetz P. 2022. Preva-
lence of micronutrient deficiencies in patients hospital-
ized with COVID-19: an observational cohort study.
Nutrients 14: 1862.

10) Vollenberg R, Tepasse PR, Fobker M, Hiising-Kabar A.
2022. Significantly reduced retinol binding protein 4
(RBP4) levels in critically ill COVID-19 patients. Nutri-
ents 14: 2007.

11) Sarohan AR, Akelma H, Arac E, Aslan O, Cen 0. 2022.
Retinol depletion in COVID-19. Clin Nutr Open Sci 43:
85-94.



12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

Vitamin A Nutritional Status and Clinical Outcomes in COVID-19

Al-Saleh I, Alrushud N, Alnuwaysir H, Elkhatib R,
Shoukri M, Aldayel F, Bakheet R, Almozaini M. 2022.
Essential metals, vitamins and antioxidant enzyme
activities in COVID-19 patients and their potential asso-
ciations with the disease severity. Biometals 35: 125—
145.

Tepasse PR, Vollenberg R, Fobker M, Kabar I, Schmidt
H, Meier JA, Nowacki T, Hiising-Kabar A. 2021. Vita-
min A plasma levels in COVID-19 patients: a prospective
multicenter study and hypothesis. Nutrients 13: 2173.
Tomasa-Irriguible TM, Bielsa-Berrocal L, Bordejé-La-
guna L, Tural-Llacher C, Barallat J, Manresa-Domin-
guez JM, Toran-Monserrat P. 2021. Low levels of few
micronutrients may impact COVID-19 disease progres-
sion: an observational study on the first wave. Metabo-
lites 11: 565.

Beigmohammadi MT, Bitarafan S, Abdollahi A,
Amoozadeh L, Salahshour F, Mahmoodi Ali Abadi M,
Soltani D, Motallebnejad ZA. 2021. The association
between serum levels of micronutrients and the severity
of disease in patients with COVID-19. Nutrition 92:
111400.

WHO. 1996. Indicators for assessing vitamin A defi-
ciency and their application in monitoring and evaluat-
ing intervention programmes. WHO, Geneva.

WHO. 2009. WHO global database on vitamin A defi-
ciency. World Health Organization; Global prevalence of
vitamin A deficiency in populations at risk 1995-2005.
Geneva.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L,
Fan G, Xu ], Gu X, Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie
X, Yin W, Li H, Liu M, XiaoY, Gao H, Guo L, Xie ], Wang
G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. 2020. Clinical
features of patients infected with 2019 novel coronavi-
rus in Wuhan, China. Lancet 395: 497-506.

Xu G, Qi F, Li H, Yang Q, Wang H, Wang X, Liu X, Zhao
J, Liao X, Liu Y, Liu L, Zhang S, Zhang Z. 2020. The dif-
ferential immune responses to COVID-19 in peripheral
and lung revealed by single-cell RNA sequencing. Cell
Discov 6: 73.

Chen L, Liu HG, Liu W, Liu ], Liu K, Shang J, Deng Y, Wei
S. 2020. Analysis of clinical features of 29 patients
with 2019 novel coronavirus pneumonia. Zhonghua Jie
He He Hu Xi Za Zhi 43: E0O5.

Zhang P, Cui TT, Zhang ZH, Wang YQ. 2018. Low-dose
vitamin A therapy on T lymphocyte function in neona-
tal pneumonia. Eur Rev Med Pharmacol Sci 13: 4371-
4374.

Yilmaz G, Bulut H, Ozden Omaygenc D, Akca A, Can E,
Tuten N, Bestel A, Erdem B, Atmaca UO, Kara Y, Kaya E,

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

401

Unsel M, Sahin AS, Salihoglu Z. 2023. Baseline serum
vitamin A and vitamin C levels and their association
with disease severity in COVID-19 patients. Acta Biomed
4:e2023007.

Mccullough FS, Northrop-Clewes CA, Thurnham DI.
1999. The effect of vitamin A on epithelial integrity.
Proc Nutr Soc 58: 289-293.

Koo JS, Jetten AM, Belloni P, Yoon JH, Kim YD,
Nettesheim P. 1999. Role of retinoid receptors in the
regulation of mucin gene expression by retinoic acid in
human tracheobronchial epithelial cells. Biochem ] 338:
351-357.

Wang JL, Swartz-Basile DA, Rubin DC, Levin MS. 1997.
Retinoic acid stimulates early cellular proliferation in
the adapting remnant rat small intestine after partial
resection. | Nutr 127: 1297-1303.

Midha IK, Kumar N, Kumar A, Madan T. 2021. Mega
doses of retinol: a possible immunomodulation in
COVID-19 illness in resource-limited settings. Rev Med
Virol 31: 1-14.

Hussain A, Kaler ], Tabrez E, Tabrez S, Tabrez SSM.
2020. Novel COVID-19: A comprehensive review of
transmission, manifestation, and pathogenesis. Cureus
12: e8184.

Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N,
Herrler T, Erichsen S, Schiergens TS, Herrler G, Wu NH,
Nitsche A, Miiller MA, Drosten C, Péhlmann S. 2020.
SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2
and is blocked by a clinically proven protease inhibitor.
Cell 181: 271-280.

Gieng SH, Green MH, Green JB, Rosales FJ. 2007. Mod-
el-based compartmental analysis indicates a reduced
mobilization of hepatic vitamin A during inflammation
in rats. J Lipid Res 48: 904-913.

Aklamati EK, Mulenga M, Dueker SR, Buchholz BA,
Peerson JM, Kafwembe E, Brown KH, Haskell MJ. 2010.
Accelerator mass spectrometry can be used to assess
vitamin A metabolism quantitatively in boys in a com-
munity setting. ] Nutr 140: 1588-1594.

Stephensen CB. 2001. Vitamin A, infection, and
immune function. Annu Rev Nutr 21: 167-192.

Zhao Q, Meng M, Kumar R, Wu Y, Huang ], Deng Y,
Weng Z, Yang L. 2020. Lymphopenia is associated with
severe coronavirus disease 2019 (COVID-19) infections:
A systemic review and meta-analysis. Int | Infect Dis 96:
131-135.

Sarohan AR, Kizil M, inkaya AC, Mahmud S, Akram M,
Cen 0. 2021. A novel hypothesis for COVID-19 patho-
genesis: Retinol depletion and retinoid signaling disor-
der. Cell Signal 87: 110121.



