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Abstract

Background: 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 diseases. The role of thiamine in COVID-19 critically ill patients is still unclear, however, its role
in the critically ill septic patient has been addressed in multiple studies. The objective of this study was to
evaluate the use of thiamine as adjunctive therapy on the mortality in COVID 19 critically ill patients.

Methods: This is a multicenter, non-interventional, retrospective cohort study for all critically ill patients
admitted to intensive care units (ICUs) with a confirmed diagnosis of COVID19. All patients aged 18 years
or older who were admitted to ICUs between March 15t to December 31t, 2020 with positive PCR COVID-
19 were included in the study. We investigated the association between thiamine use as an adjunctive
therapy and clinical outcomes in COVID -19 after propensity score matching using baseline severity
scores, systemic use of corticosteroids and study centers.

Results: A total of 738 critically ill patients with COVID-19 who had been admitted in ICUs at the two
governmental hospitals included in the study. Among 166 patients matched using propensity score, 83
had received thiamine as adjunctive therapy. There was significant association between thiamine use
with in-hospital mortality (OR=0.49; 95% Cl = 0.25- 0.97; P=0.04) as well with 30-day ICU mortality
(OR=0.45;95% Cl = 0.215- 0.935; P=0.03). Moreover, patients who received thiamine as an adjunctive
therapy were less likely to have thrombosis during ICU stay by 81 % (OR (95%Cl): 0.19 (0.040,0.884), p-
value=0.034).

Conclusion: Thiamine use as an adjunctive therapy may have potential survival benefits in critically ill
patients with COVID-19.

Introduction

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
diseases such as type-2 diabetes, cardiovascular, renal, mental, and neurodegenerative disorders. As
antibodies, and importantly T-cells, are required to eliminate the SARS-CoV-2 virus, thiamine deficiency
can potentially result in inadequate antibody responses and subsequently more severe symptoms’.
Hence, adequate thiamine levels are likely to aid in the proper immune responses during SARS-CoV-2
infection. COVID-19 symptoms are very similar to altitude sickness and high-altitude pulmonary edema.
In such cases, acetazolamide is commonly prescribed to inhibit the carbonic anhydrase isoenzymes and
subsequently increases oxygen levels. Thiamine also functions as a carbonic anhydrase isoenzyme
inhibitor; thus, high doses of thiamine given to people at the early stages of COVID-19 could potentially

limit hypoxia and decrease hospitalization.?

The role of thiamine in COVID-19 critically ill patients is still unclear; however, its role in the critically ill
septic patient has been addressed in multiple studies. A randomized controlled trial was conducted to
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determine if intravenous thiamine would reduce lactate in patients with septic shock. Patients were
randomized to thiamine 200 mg or placebo twice daily for seven days. In those with baseline thiamine
deficiency, patients in the thiamine group had significantly lower lactate levels at 24 hours and a possible
decrease in 30 days mortality®. In this trial's post hoc analysis, patients with septic shock who received
thiamine had lower serum creatinine with a lower progression rate to renal replacement therapy than
patients who received placebo?. Moreover, in a single-center retrospective cohort study (n = 123), thiamine
administration to septic shock patients within 24 hours was associated with improved likelihood of lactic
acid clearance and reduced 28-day mortality®. In a retrospective before-after trial in 47 septic shock
patients, the combination of intravenous thiamine with corticosteroids and vitamin C was associated
with a reduction of organ dysfunction, including acute kidney injury. However, the findings of this study
are highly controversial and need validation®.

The question remains about the thiamine role in COVID-19 critically ill patients. An in vitro study found
that high-dose thiamine lowers the Th17 cell proinflammatory response believed to be associated with
the COVID-19 cytokine storm. The modulation of Th17 proinflammatory response was investigated
through a combination of both in vivo and in vitro experiments. The study demonstrates that thiamine
interrupts the cycle of inflammation believed to play a role in the cytokine storm associated with COVID-
19, leading to reduced levels of IL-17 proinflammatory cytokines and increased levels of the anti-
inflammatory IL-22 cytokines. Notably, this study did not involve patients with COVID-19 but rather
patients with alcohol use disorder, who also tend to experience a proinflammatory state characterized by
elevated IL-17 levels. However, thiamine effectiveness in COVID-19 still needs to be tested in a clinical

setting. This study is in the pre-print phase only and is currently under review by a peer-reviewed journal’.

As of July 15th, 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. The efficacy of
the proposed MATH + protocol against COVID-19 was measured in two hospitals in the United States
based on patient registry information. The average hospital mortality of these two centers was 5.1 %,
which represents more than a 75 % absolute risk reduction in mortality compared to the average
published worldwide hospital mortality. However, this comparison is limited by the lack of data on the
severity of illness and course of treatment®~1°.

There are no current studies specifically investigating thiamine's effect in COVID-19 patients to the best of
our knowledge. Therefore, this study aims to determine the association of thiamine use as an adjunctive
therapy on the outcomes in COVID 19 critically ill patients (i.e., ICU mortality, ICU Length of stay (LOS),
and duration of mechanical ventilation).

Methods

Study design
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This was a retrospective, multi-center, non-interventional study of critically ill patients admitted to
intensive care units (ICUs) with a confirmed diagnosis of COVID19 in Saudi Arabia. The diagnosis of
COVID19 was confirmed by Reverse Transcriptase — Polymerase Chain Reaction (RT-PCR) on
nasopharyngeal and/or throat swabs. All the patients who met our inclusion criteria during the study
period (01/03/2020 - 31/12/2020) were included. COVID19 critically ill patients have been divided into
two groups based on thiamine use as adjunctive therapy during ICU stay. Patients were followed 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, Riyadh, Saudi Arabia (Study
Number: RC20/589/R).

Eligibility criteria

Patients were enrolled in the study if they were critically ill, aged 18 years or older, and admitted to ICU
with positive PCR COVID-19. Patients were excluded if the ICU Length of stay (LOS) l1 day and/or labeled
as "Do-Not-Resuscitate" status within 24 hours of ICU admission.

Setting

This study was conducted in two large, tertiary governmental hospitals; King Abdulaziz Medical City,
Riyadh, and King Abdulaziz University Hospital, Jeddah. The ICUs admits medical, surgical, trauma, burn,
and transplant patients and operates as a closed unit with 24/7 onsite coverage by critical care board-
certified intensivists 8. The distributions of total enrolled patients were 77 % and 23 % in KAMC-CR and
KAUH, respectively. The primary site for this multicenter study was King Abdulaziz Medical City (Riyadh).

Data collection

We collected the following information, demographic data (See additional file 1), thiamine use, Acute
Physiology And Chronic Health Evaluation Il (APACHE Il), Sequential Organ Failure Assessment (SOFA)
and Nutrition Risk in Critically ill (NUTRIC) scores, comorbidities, vital signs, laboratory tests, the needs for
mechanical ventilation (MV) and MV parameters (e.g., Pa02/FiO2 ratio, FiO2 requirement) and
inflammatory markers (CRP, procalcitonin) within 24 hours of ICU admission. ICU complication (s) during
ICU stay (e.g., thrombosis, Acute Kidney Injury (AKI)) were recorded for eligible patients. Additionally, ICU
length of stay (LOS), hospital LOS, mechanical ventilation (MV) duration, and ICU mortality were collected
and followed. Patients were followed during ICU LOS until ICU discharge after improving, or in-hospital
death, whichever occurred first.

Outcomes

The primary endpoints were to determine the association between using thiamine as adjunctive therapy
with in-hospital mortality and 30-day ICU mortality in critically ill patients with COVID 19 (i.e., ICU
mortality, ICU LOS). The secondary endpoints include MV duration, length of stay, evaluation of
complication (s) during ICU stay (i.e., acute kidney injury (AKI), liver injury, thrombosis during ICU stay).
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Definition (s)

 The acute kidney injury (AKI) was defined using AKIN definition 2°.

» Thrombosis/infraction was defined using ICD10-CM code (i.e., Myocardial infarction (MI), ischemic
stroke, pulmonary embolism, deep vein thrombosis) 2°.

 Respiratory failure was defined as either hypoxemic respiratory failure (PaO, < 60 mm Hg with a
normal or low arterial carbon dioxide tension (PaCO,) or hypercapnic respiratory failure (PaCO,> 50
mm Hg) that requires invasive mechanical ventilation.

* Liverinjury, defined as alanine aminotransferase (ALT), exceeds three times the upper limit of normal
or double in patients with elevated baseline ALT.

Data management and Statistical analysis

Categorical variables were reported using numbers and percentages, whereas continuous variables
reported using mean with standard deviation (SD) or median 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 also using graphical representation (i.e., histograms and Q-Q plots). We
compared categorical variables using the chi-square or Fisher exact test, normally distributed numerical
variables with the ttest, and other quantitative variables with the Mann-Whitney U test. Baseline
characteristics, baseline severity, and outcome variables were compared between the two treatment
groups. Multivariate logistic regression and generalized linear regression were used to determine the
relationship between thiamine use and different outcomes considered in this study.

On the other hand, we assessed model fit using the Hosmer-Lemeshow goodness-of-fit test. Generalized
linear regression was also used to determine the relationship between study outcome and the different
study parameters 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 scores were used to match patients who received thiamine to patients receiving no thiamine
using a Propensity score matching Procedure (Proc PS match) (SAS, Cary, NC). A greedy nearest neighbor
matching method was used in which one non-thiamine (control) is matched with each patient in the
thiamine (treated) group. This eventually produces the smallest within-pair difference among all available
pairs with treated patients. These patients are matched only if the difference in the logits of the
propensity scores for pairs of patients from the two groups is 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
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A total of 738 critically ill patients with COVID-19 had been admitted to ICUs at the two governmental
hospitals included in the study. Thiamine was given to 88 patients, whereas 650 patients didn't receive
thiamine. A total of 166 patients were included after propensity score matching using baseline severity
scores (i.e., APACHE II, SOFA score, NUTRIC scores), systemic use of corticosteroids, and study centers 22
The median (Q1, Q3) dose of thiamine given per day was 100 mg (50, 200) with a median duration (days)
of 7 (5, 12).

Demographic And Clinical Characteristics

Among critically ill patients admitted to ICUs, the patients' average age was 60 years (x 15). A total of 531
(72 %) patients were male (Table 1, Supplemental Digital Content 1). Diabetes mellitus (61 %) was the
most common coexisting iliness, followed by hypertension (56.8 %) and dyslipidemia (23.2 %).
Coexisting illness between the two groups was not statistically significant (Table 2, Supplemental Digital
Content 2).
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Table 1

Regression analysis for the outcomes

Outcomes

ICU mortality within 30 days

Analysis on all eligible patients
Propensity score matched

In-hospital mortality, n(%)

Analysis on all eligible patients

Propensity score matched

MV duration during ICU,
Median (Q1, Q3) &

Analysis on all eligible patients
Propensity score matched

ICU Length of Stay (Days),
Median (Q1, Q3) &

Analysis on all eligible patients
Propensity score matched

Hospital Length of Stay
(Days), Median (Q1, Q3) &

Analysis on all eligible patients

Propensity score matched

Thiamine group

n of outcomes/Total no-

of patients

NO

258/606
(42.6)

29/83
(38.7)

304/626
(48.6)

35 (43.8)

10.0 (4.0,
17.0)

11 0(50
20.0)

17.0 (11.0,
26.5)

13.0 (11.0,
21.0)

Yes

17/80
(21.25)

14/83
(18.4)

21/81
(23.4)

18 (23.4)

15.0 (10.0,
24.5)

15.0 (10.0,

25.0)
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P-value

0.0003**

0.006"*

0.0007"*

0.007*+

0.17*

0.68*

0.89%

0.78*

0.47*

0.30*

Odds Ratio
(OR) (95%ClI)

coefficient
(95%Cl)

0.02 (-0.24,
0.30)

-0.13 (-0.54,
0.27)

P-value

<.0007**

0.03$

<.0007**

0.04$

0.84**

0.51$*

0.49*A

0.48%*

0.59**

0.528*




Outcomes Thiamine group Odds Ratio P-value

(OR) (95%ClI)
n of outcomes/Total no-
of patients
NO Yes P-value

-Denominator of the percentage is the total number of patients

*T -Test / * Wilcoxon rank sum test is used to calculate the P-value.
AAChi-square test is used to calculate the P-value.

**Fisher Exact test is used to calculate the P-value.

S*propensity score adjusted Generalized linear model is used to calculate beta coefficient (estimates)
and p-value.

S propensity score adjusted Logistic regression is used to calculate Odds ratio and p-value.

*AMultivariate Logistic regression is used after adjusting for patient’s baseline severity scores,
systemic use of corticosteroids and hospital center to calculate Odds ratio and p-value.

& Denominator is patients who survived.

& Denominator is patients who have respiratory failure requiring MV during ICU stay.
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Table 2

Regression analysis for ICU complication (s) during ICU stay

Outcomes

Acute Kidney Injury (AKI),
n(%)

Analysis on all eligible
patients

Propensity score matched

Liver Injury, n(%)

Analysis on all eligible
patients

Propensity score matched

Respiratory Failure
Required MV, n(%)$*

Analysis on all eligible
patients

Propensity score matched
Thrombosis During ICU,
n(%)

Analysis on all eligible
patients

Propensity score matched

Thiamine group

n of outcomes/Total no-

of patients

No

304/639
(47.6)

21(25.3)

70/637(
10.9)

5(6.1)

67/197
(34.0)

14/31
(45.1)

71/632
(11.2)

9(11.1)

Yes

31/87 (
35.6)

15(18.1
)

;/87(81
6(7.2)

16/42
(38)

16/40
(40)

?/87(23

2(2.4)

P-
value

0.04*

0.26"

0.40"

0.77"

0.61**

0.66"*

0.071

0.02*

-Denominator of the percentage is the total number of patients.

OR: Odds Ratio

*T -Test / » Wilcoxon rank sum test is used to calculate the P-value.

AChi-square /**Fisher Exact test is used to calculate the P-value.

S propensity score adjusted Logistic regression is used to calculate Odds ratio and p-value.

Estimates of effects
OR (95%Cl)

0.56 (0.360,0.864)

0.91 (0.487,1.682)

0.09 (0.044,0.198)

0.93(0.302,2.872)

1.05(0.49,2.22)

0.95 (0.35, 2.57)

0.03 (0.008 ,0.104)

0.19 (0.040 ,0.884)

P-value®

0.0090™

0.7531%

*A

<.0001

0.9017%

0.90

0.92%

*A

<.0001

0.0343%

*AMultivariate Logistic regression is used after adjusting for patient’s baseline severity scores,
systemic use of corticosteroids and hospital center to calculate Odds ratio and p-value

S*Denominator of the percentage is non-mechanically ventilated patients with 24 hours of ICU

admission.

Page 10/16




The baseline severity scores (i.e., APACHE Il, SOFA, and NUTRIC scores), mechanical ventilation (MV)
needs within 24 hours of ICU admission, and laboratory tests (i.e., INR, Fibrinogen, CRP, Ferritin, HCT, pH)
were significantly high among patients who did not receive thiamine during ICU stay. However, after
propensity score matching for patient's baseline severity scores, systemic corticosteroids use, and
hospital center, most of these baseline and demographic characteristics were similar between the two
groups (Table 1, Supplemental Digital Content 1).

Study Outcomes

There were 14 patients (18.4%) who died during ICU stay among the thiamine group, compared with 29
patients (38.7%) in the other group. In other words, patients who used thiamine as adjunctive therapy
during ICU stay had a lower 30-day ICU mortality by 55 % (OR (95%Cl): 0.45 (0.22, 0.94), p-value = 0.03)
(Table 1). Additionally, thiamine use was associated significantly with a lower in-hospital mortality by
51% (OR (95%Cl): 0.49 (0.25,0.97), p-value = 0.04). The overall survival probabilities were higher during
hospital stay among patients who received thiamine before and after propensity score-matched (Fig. 1a,
1b).

The duration of MV (Beta coefficient - 0.13 Cl = -0.54, 0.27; p-value = 0.51), ICU length of stay (LOS) (Beta
coefficient 0.11 Cl =-0.19, 0.39; p-value = 0.48) and hospital LOS (Beta coefficient 0.08 Cl =-0.17,0.33; p-
value = 0.52) were statistically not significant in patients who received thiamine as adjunctive therapy
compared to patients who did not (Table 1) .

Icu Complications During Icu Stay

Only 2 (2.4%) patients who received thiamine developed thrombosis during ICU stay, compared with 9
(11.1%) patients in the non-thiamine group. Patients who received thiamine as an adjunctive therapy were
less likely to have thrombosis during ICU stay as compared to patients who did not (OR (95%Cl): 0.19
(0.040,0.884), p-value = 0.03). (Table 2)

Critically ill patients with COVID19 who received thiamine an adjunctive therapy have lower incident acute
kidney injury (AKI) (OR (95%Cl): 0.91 (0.49,1.68)), and liver Injury (OR (95%Cl): 0.93 (0.30,2.87)); however,
it was not statistically significant (Table 2).

Discussion

With the rapid spread of the disease, as well as high mortality among critically ill patients, there are many
studies with different methodology approaches conducted among COVID-19 patients to investigate the
effectiveness of many medications (e.g., steroids, antivirals, immunomodulators) and respiratory support
strategies (e.g., prone position, volume protected strategy)® % 1112 Our study is a multicenter, non-
interventional retrospective study of critically ill patients admitted to intensive care units (ICUs) with a
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confirmed diagnosis of COVID-19 investigate the correlation between thiamine use as adjunctive therapy
and ICU LOS, MV duration, and ICU mortality as a primary endpoint. Although we evaluate the occurrence
of new-onset acute kidney injury (AKI), liver injury, and thrombosis during ICU stay.

In our study, the 30-day ICU mortality was significantly lower in the thiamine group with a p-value of
(0.0323) after using propensity score matching. It is well known that critically ill patients, in general,
predispose to thiamine deficiency, which leads to the inability to create adenosine triphosphate, inability
to use oxygen, high-output cardiac failure, cardiovascular collapse, and death when untreated’3.
Unfortunately, there are no current trials directly investigating the effect of thiamine in critically ill COVID-
19 patients. Our finding agrees with a substantial number of studies published over the past decades and
reported an increment of lactate clearance resulted in mortality benefit with intravenous thiamine
administration in critically ill 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 mortality *.

The ICU length of stay was not statistically significant between the groups (p-value = 0.48), with a median
duration of eight days in both groups. The lack of difference in ICU LOS could be justified by the improved
survival among the group but still requiring ICU care. There is a lack of studies that assess thiamine's role
alone on ICU LOS in COVID 19 critically ill patients. Conversely, a retrospective study by Mitchell et al.
investigates the benefit of administrating IV thiamine in combination with IV vitamin C and
hydrocortisone to ICU patients with sepsis or septic shock14. This study illustrated a significant
difference in ICU LOS in the intravenous thiamine, vitamin C, and hydrocortisone as a combination
group14. In our study, we included corticosteroids in the model of propensity score matching since it
showed mortality benefits in recovery trial °. Other therapies have not been assessed due to the lack of
mortality benefits.

In our data, the incidence of AKI was not significant between the two groups. Acute kidney injury is one of
the most frequent complications during critical illness. Impaired kidney function could contribute to a
malnutrition state, especially in patients treated with renal replacement therapy (RRT); the unintentional
loss of micronutrients during the dialysis can also contribute to poor nutrition state and impaired

patients' immunity'®.A randomized, double-blind, placebo-controlled trial by Moskowitz et al. studied
thiamine's effect as a kidney protective agent among ICU patients diagnosed with septic shock. This
study found that serum creatinine level was lower in patients who received thiamine and were less likely
to have kidney failure requiring RRT #. The lack of finding difference in AKI rate among our group could be
justified by utilizing a lower dose than published studies for renal protective dosing, our median thiamine
dose was 100 mg per day, however Moskowitz et al utilized a higher dose of 200 mg Twice daily*.

Interestingly, thiamine use was found to be associated with a statistically significant reduction in
thrombosis by 81 % compared to the control group (OR (95%Cl): 0.19 (0.040,0.884), p-value = 0.03). The
exact mechanism and explanation for thrombosis reduction observed in this cohort with thiamine
supplementation are unknown. These findings worth further investigation and should trigger future
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research to provide direct evidence on the precise impact of thiamine supplementation on the prevention
of thrombosis in COVID-19 critically ill patients.

Our study's uniqueness is the lack of extensive well-conducted studies connecting thiamine
administration's effect directly with a positive impact on mortality in COVID 19 critically ill patients.
COVID-19 patients. We encountered many confounding factors that could affect the external validity and
the interpretation of the mortality outcome. Therefore, we conducted several analyses to control these
variables using multivariate regression adjustment after propensity score matching using baseline
severity scores (i.e., APACHE II, SOFA, and NUTRIC scores), systemic use of corticosteroids, and study
centers.

On the flip side, our study may have been affected by several limitations, including our design's
observational nature and some residual confounding factors are still possible. Besides, the treatment
decision based on the treating physician's bias toward using one treatment regimen versus another
cannot be ruled out. Further interventional studies are required to confirm our finding.

Conclusions

Thiamine use as adjunctive therapy may have potential survival benefits in critically ill patients with
COVID-19.

Abbreviations
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Figure 1

a: Overall survival plot during Hospital stay (Before Propensity score matching) b: Overall survival plot
during Hospital stay (After Propensity score matching)
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