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Abstract 

Background:  Thiamine is a precursor of the essential coenzyme thiamine pyrophosphate required for glucose 
metabolism; it improves the immune system function and has shown to reduce the risk of several diseases. The role of 
thiamine in critically ill septic patient has been addressed in multiple studies; however, it’s role in COVID-19 patients is 
still unclear. The aim of this study was to evaluate the use of thiamine as an adjunctive therapy on mortality in COVID-
19 critically ill patients.

Methods:  This is a two-center, non-interventional, retrospective cohort study for critically ill patients admitted to 
intensive care units (ICUs) with a confirmed diagnosis of COVID19. All patients aged 18 years or older admitted to ICUs 
between March 1, 2020, and December 31, 2020, with positive PCR COVID-19 were eligible for inclusion. We investi-
gated thiamine use as an adjunctive therapy on the clinical outcomes in critically ill COVID-19 patients after propen-
sity score matching.

Results:  A total of 738 critically ill patients with COVID-19 who had been admitted to ICUs were included in the 
study. Among 166 patients matched using the propensity score method, 83 had received thiamine as adjunctive 
therapy. There was significant association between thiamine use with in-hospital mortality (OR = 0.39; 95% CI 0.19–
0.78; P value = 0.008) as well as the 30-day mortality (OR = 0.37; 95% CI 0.18–0.78; P value = 0.009). Moreover, patients 
who received thiamine as an adjunctive therapy were less likely to have thrombosis during ICU stay [OR (95% CI) 0.19 
(0.04–0.88), P value = 0.03].

Conclusion:  Thiamine use as adjunctive therapy may have potential survival benefits in critically ill patients with 
COVID-19. Additionally, it was associated with a lower incidence of thrombosis. Further interventional studies are 
required to confirm these findings.

Keywords:  COVID-19, SARS-CoV-2, Thiamine, Vitamin B1, Vitamins, Critically ill, Intensive care units (ICUs), 30-day 
mortality
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Introduction
With the rapid spread of the disease, as well as the high 
mortality rates among critically ill patients, there are 
many studies with different methodology approaches 
conducted among COVID-19 patients to investigate 
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the effectiveness of many medications (e.g., steroids, 
antivirals, immunomodulators) and respiratory support 
strategies (e.g., prone position, volume protected strat-
egy) [1–3]. Several proposed vitamins and trace ele-
ments therapies are currently under investigation, such 
as ascorbic acid and zinc [4–7]. However, the role of 
other vitamins, especially thiamine in COVID-19 criti-
cally ill patients, is still unclear.

Thiamine is a precursor of the essential coenzyme 
thiamine pyrophosphate (TPP) required for glucose 
metabolism; it improves the immune system function 
and has been shown to reduce the risk of several dis-
eases [8]. Besides that, thiamine diphosphate (TDP)-
dependent enzymes are a vast group of proteins that 
contribute to many catabolism reactions of enzymes, 
along with neurotransmitters biosynthesis and anti-
oxidant activity [9]. Thiamine deficiency is a serious 
medical condition that may lead to many complications 
requiring medical interventions such as Wernicke’s 
encephalopathy, delirium, and beriberi [10–12].

The role of thiamine in COVID-19 patients is still 
unclear; however, its role in critically ill patients has 
been addressed in multiple studies [13–15]. A rand-
omized controlled trial by Moskowitz et al. shows that 
thiamine was associated with significantly lower lac-
tate levels, serum creatinine and a possible decrease 
in 30-day mortality [13]. In addition, another observa-
tional study shows that thiamine administration within 
24  hours   was associated with an improved possibility 
of lactic acid clearance and reduced 28-day mortality in 
critically ill patients with septic shock [14].

The question remains about the thiamine role in 
COVID-19 critically ill patients. Antibodies and, 
importantly, T-cells are required to eliminate the 
SARS-CoV-2 virus; thiamine deficiency can poten-
tially result in inadequate antibody responses and more 
severe symptoms [8]. Thiamine also works as a carbonic 
anhydrase isoenzyme inhibitor; thus, high doses of thi-
amine given to patients at the early stages of COVID-19 
could limit hypoxia and decrease hospitalization [16]. 
Additionally, an in-vitro study found that high-dose 
thiamine lowers the T-helper cells (Th-17) cell pro-
inflammatory response believed to be associated with 
the COVID-19 cytokine storm [17].

As of July 15, 2020, over 300 COVID-19 patients were 
treated with a protocol named MATH+ protocol which 
combines a range of substances: methylprednisolone, 
ascorbic acid, thiamine, heparin and several additional 
components, including melatonin, zinc, vitamin D, 
atorvastatin and famotidine [4]. Unfortunately,  no  cur-
rent studies specifically investigate thiamine’s effect 
in COVID-19 patients to the best of our knowledge. 
Therefore, our study aims to determine the association 

between thiamine use as an adjunctive therapy and the 
clinical outcomes in COVID-19 critically ill patients.

Methods
Study design
A retrospective study of critically ill patients admitted to 
intensive care units (ICUs) with a confirmed diagnosis of 
COVID-19 in two-tertiary care centers in Saudi Arabia 
between March 1 and December 31, 2020. All patients 
who met the inclusion criteria during the study period 
were included. Eligible patients have been divided into 
two groups based on thiamine use as adjunctive therapy 
during ICU stay; there were no pre-defined criteria at the 
two centers for thiamine initiation. Intravenous (IV) or 
enteral) thiamine was given empirically and not based on 
baseline thiamine levels. Patients were observed during 
their hospital stay until discharge or in-hospital death, 
whichever occurred first. The study was approved by the 
Ministry of National Guard Health Affairs-Institutional 
Review Board  (IRB), Riyadh, Saudi Arabia (Study Num-
ber: RC20/589/R).

Participants
Patients who were 18  years of age or older  and admit-
ted to ICU with confirmed COVID-19 by reverse tran-
scriptase-polymerase chain reaction (RT-PCR) on 
nasopharyngeal or throat swabs were eligible for  inclu-
sion. Patients were excluded if  the ICU length of stay 
(LOS) was less than a day or labeled as "Do-Not-Resusci-
tate" code status within 24 hours of ICU admission.

Setting
This study was conducted in two large, tertiary govern-
mental hospitals; King Abdulaziz Medical City, Riyadh 
(KAMC-RD) and King Abdulaziz University Hospital, 
Jeddah (KAUH-JD). The ICUs admit medical, surgi-
cal, trauma, burn and transplant patients and operate as 
a closed unit with 24/7 on-site coverage by critical care 
board-certified intensivists. The distributions of total 
enrolled patients were 77% and 23% in KAMC-CR and 
KAUH-JD, respectively. The primary site was KAMC-RD.

Data collection
Data gathered from the patients’ electronic medical 
records included demographic data (see Additional 
file  1), thiamine use, acute physiology and chronic 
health evaluation II (APACHE II), sequential organ fail-
ure assessment (SOFA) and nutrition risk in critically 
ill (NUTRIC). Comorbidities, vital signs, laboratory 
tests, the needs for mechanical ventilation (MV), MV 
parameters (e.g., PaO2/FiO2 ratio, FiO2 requirement) 
and inflammatory markers (C-reactive protein (CRP), 
procalcitonin) within 24  hours   of ICU admission  were 
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recorded. Additionally, ICU complication (s) during ICU 
stay (e.g., Acute Kidney Injury (AKI), thrombosis/infarc-
tion), ICU length of stay (LOS), hospital LOS, mechanical 
ventilation (MV) duration and ICU/in-hospital mortality 
were collected for eligible patients.

Outcomes
The primary endpoints were determining the association 
between using thiamine as adjunctive therapy with the 
in-hospital and 30-day mortality in critically ill patients 
with COVID-19. The secondary endpoints include evalu-
ation of MV duration, length of stay and complication 
(s) during ICU stay (i.e., acute kidney injury, acute liver 
injury, respiratory failure and thrombosis/ infarction).

Definition(s)

•	 The acute kidney injury was defined using the AKIN 
definition [18].

•	 Thrombosis/ infarction was defined using ICD10-
CM code (i.e., Myocardial infarction (MI), ischemic 
stroke, pulmonary embolism, deep vein thrombosis) 
[6].

•	 Respiratory failure was defined as either hypoxemic 
respiratory failure (PaO2 < 60 mm Hg with a normal 
or low arterial carbon dioxide tension (PaCO2) or 
hypercapnic respiratory failure (PaCO2 > 50 mm Hg) 
that requires mechanical ventilation [16].

•	 Acute liver injury, defined as alanine aminotrans-
ferase (ALT) exceeds three times the normal upper 
limit (ULN) or doubled in patients with elevated 
baseline ALT [6].

Data management and statistical analysis
Categorical variables were reported using numbers and 
percentages, whereas continuous variables reported 
using means with standard deviation (SD) or medians 
with interquartile range (IQR) when appropriate. The 
normality assumptions were assessed for all numerical 
variables using a statistical test (i.e., Shapiro–Wilk test) 
and graphical representation (i.e., histograms and Q–Q 
plots). We compared categorical variables using the Chi-
square or Fisher exact test, normally distributed numeri-
cal variables    with the Mann–Whitney U test.

Model fit was assessed using the Hosmer–Lemeshow 
goodness-of-fit test. Multivariable logistic regression 
and negative binomial regression were used to determine 
the relationship between thiamine use and different out-
comes considered in this study. The odds ratios (OR) and 
estimates with the 95% confidence intervals (CI) were 
reported for the associations. No imputation was made 

for missing data as the cohort of patients in our study was 
not derived from random selection.

Propensity score matching procedures (Proc PS 
match) (SAS, Cary, NC) were used to match patients 
who received thiamine with patients who did not based 
on   patient’s baseline severity scores (i.e., APACHE II, 
SOFA, and NUTRIC scores), systemic use of corticos-
teroids and study  centers. A greedy nearest neighbor 
matching method was used in which one patient in the 
control group was matched with each patient in the thia-
mine (treated) group. This eventually produces the small-
est within-pair difference among all available pairs with 
treated patients. These patients were matched only if the 
difference in the logits of the propensity scores for pairs 
of patients from the two groups was less than or equal to 
0.5 times the pooled estimate of the standard deviation. 
We considered a P value of < 0.05 statistically significant 
and used SAS version 9.4 for all statistical analyses.

Results
A total of 738 critically ill patients with COVID-19 
admitted to ICUs at the two governmental hospitals were 
included in the study. Thiamine was given to 88 patients, 
whereas 650 patients did not receive thiamine. A total 
of 166 patients were included after propensity score 
matching had been conducted using baseline severity 
scores, systemic use of corticosteroids and study cent-
ers. The median (Q1, Q3) dose of thiamine given per day 
was 100  mg (50, 200) with a median duration of seven 
days. The majority of patients received thiamine by intra-
venous administration (57%).

Demographic and clinical characteristics
Among critically ill patients admitted to ICUs, the 
patients’ average age was 60 years (± 15). A total of 531 
(72%) patients were male (Table 1, Additional file 1). Dia-
betes mellitus (61%) was the most common coexisting ill-
ness, followed by hypertension (56.8%) and dyslipidemia 
(23.2%). Coexisting illness between the two groups was 
not statistically significant (Table 2, Additional file 2).

The baseline severity scores (i.e., APACHE II, SOFA 
and NUTRIC scores), mechanical ventilation (MV) 
needs within 24 h of ICU admission, and laboratory tests 
(i.e., INR, Fibrinogen, CRP, Ferritin, HCT, pH) were sig-
nificantly higher among patients who did not receive 
thiamine during ICU stay. On the other hand, system-
atic corticosteroids use during ICU stay, and phosphorus 
levels were higher in the thiamine group. However, after 
conducting propensity score matching, most of these 
baseline and demographic characteristics were similar 
between the two groups (Table 1, Additional file 1).
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Study outcomes
There were fifteen patients (18.1%) who died during ICU 
stay among the thiamine group, compared with thirty 
patients (36.1%) in the other group. In other words, 
patients who received thiamine as adjunctive therapy 
during ICU stay had a lower 30-day mortality rate by 63% 
[OR (95% CI): 0.37 (0.18, 0.78), P value = 0.009] (Table 1). 
Additionally, thiamine use was associated significantly 
with a lower in-hospital mortality rate by 61% [OR (95% 
CI): 0.39 (0.19,0.78), P value = 0.008]. The overall survival 
probabilities were higher during hospital stay among 
patients who received thiamine before and after propen-
sity score-matched (Fig. 1a, b).

The duration of mechanical ventilation (Beta estimate 
− 0.13 CI − 0.54, 0.27; P value = 0.51), ICU length of stay 
(LOS) (Beta estimate 0.11 CI − 0.19, 0.39; P value = 0.48) 
and hospital LOS (Beta estimate 0.08 CI − 0.17, 0.33; P 
value = 0.52) did not differ significantly in patients who 
received thiamine as adjunctive therapy compared to 
patients who did not (Table 1).

Complications during ICU stay
Critically ill patients who received thiamine as an adjunc-
tive therapy were less likely to have thrombosis dur-
ing ICU stay by 81% [OR (95% CI) 0.19 (0.04, 0.88), P 
value = 0.03] (Table  2). Moreover, acute kidney injury 
[OR (95% CI) 0.91 (0.49, 1.68)] and liver Injury [OR (95% 
CI) 0.93 (0.30, 2.87)] were lower in the thiamine group by 
9% and 7%, respectively. However, the differences were 
not statistically significant (Table 2).

Discussion
Our study is a two-center, non-interventional retrospec-
tive study of critically ill patients admitted to ICUs with 
a confirmed diagnosis of COVID-19. It investigates the 
correlation between thiamine use as adjunctive therapy 
and the clinical outcomes. The 30-day mortality rate was 
significantly lower in the thiamine group with a P value 
of (P = 0.009) after using propensity score matching that 
takes into consideration the use of the corticosteroid 
since it showed survival benefits in the recovery trial [26].

Our findings agree with a substantial number of stud-
ies published over the past decades and reported a sur-
vival benefit with thiamine in non-COVID19 critically ill 
patients. However, there are no current trials that directly 
investigate the effect of thiamine in critically ill COVID-
19 patients. Woolum et  al. proved the relation between 
early thiamine administration to critically ill patients 
with septic shock during the first 24 hours  of admission 
with rapid lactate clearance and decreased 28-day mor-
tality rates [14]. However, the recent VITAMINS trial 
tested the HAT protocol (hydrocortisone, ascorbic acid 

and thiamine) in critically ill patients with septic shock 
and found no survival benefit [21].

Severe COVID-19-infected patients may develop mal-
nutrition and risk for refeeding syndrome due to low 
food intake prior to ICU admission [22]. Thiamine defi-
ciency plays a major role in malnutrition in critically ill 
patients, which leads to the inability to create adenosine 
triphosphate (ATP), inability to use oxygen, high-output 
cardiac failure, cardiovascular collapse and death when 
untreated [23]. One retrospective observational study 
conducted in Wuhan found that critically ill COVID-
19 patients with higher Nutritional Risk Screening 2002 
(NRS) had a higher risk of mortality and longer hos-
pital  stay  [22]. Preadmission nutritional status in our 
patients has been assessed using NUTRIC score due to 
the unavailability of NRS-2002-related information (e.g., 
weight loss history, food intake history prior to ICU 
admission). Moreover, phosphorus levels were evalu-
ated in our cohort for further nutrition assessment, the 
mean phosphorus level was 1.05 (0.36) mmol/L and 1.16 
(0.38) mmol/L in control and thiamine group (P = 0.07), 
respectively. The preadmission low nutrition status due 
to COVID-19 infection combined with the known low 
intake of some micronutrients (such as zinc and sele-
nium) in the Saudi population might explain the benefits 
of thiamine observed in our study [11, 24].

The ICU length of stay was not statistically significant 
between the groups (P-value = 0.48), with a median dura-
tion of eight days. A lack of studies assessed the thia-
mine’s impact on ICU LOS in COVID-19 critically ill 
patients. Conversely, a retrospective study by Mitchell 
et al. investigates the benefits of thiamine, vitamin C, and 
hydrocortisone as a combination in septic patients and 
found a significant difference in the ICU LOS [25].

In our data, the incidence of AKI was lower in the thia-
mine group, which may explain a kidney protective effect 
but was not statistically significant. Acute kidney injury 
is one of the most frequent complications during critical 
illness and could contribute to a malnutrition state and 
impaired patients’ immunity [27]. A randomized, double-
blind, placebo-controlled trial found that serum creati-
nine levels were lower in patients who received a high 
dose of thiamine and were less likely to have kidney fail-
ure requiring renal replacement therapy (RRT) [13].

Interestingly, thiamine use was found to be associated 
with a statistically significant reduction in thrombosis by 
81% compared to the control group [OR (95% CI) 0.19 
(0.040, 0.884), P value = 0.03]. The exact mechanism for 
thrombosis reduction observed in our cohort with thia-
mine use is unknown. This finding worth further inves-
tigation and should trigger future research to address the 
precise impact of thiamine on the prevention of throm-
bosis in COVID-19 critically ill patients.
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Our study’s uniqueness lies in the lack of extensive 
well-conducted studies connecting thiamine adminis-
tration’s effect directly to a positive impact on mortal-
ity rates in COVID 19 critically ill patients. However, 
the study may have been affected by several limita-
tions, including our design observational nature, and 
some residual confounding factors are still possible. 
Therefore, we conducted several analyses to control 
these variables using multivariable regression adjust-
ment after propensity score matching. Additionally, 
thiamine initiation in our centers was primarily based 
on clinical judgment; thus, treating physicians’ bias 
toward using one treatment regimen versus another 
cannot be ruled out. Also, thiamine levels were not 
measured for patients neither initially on admission 
nor during ICU stay.

Thiamine has a good safety profile, and readily avail-
able  at  low cost; therefore, it can be considered as 
a  part of COVID-19 critically ill patients’ therapeutic 
management protocols. Further interventional studies 
are required to confirm our findings.

Conclusion
Thiamine use as adjunctive therapy may have potential 
survival benefits in critically ill patients with COVID-19. 
Additionally, it was associated with a lower incidence of 
thrombosis. Systemic  thiamine administration could be 
considered as a  part of COVID-19 management upon 
ICU admission.
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