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Chemical properties and biochemical functions 
of thiamine

Thiamine was the first B vitamin to be identified and is also 
referred to as vitamin B1. It is a water-soluble vitamin that 
is an indispensable constituent of cellular metabolism (1). 
A lack of this vitamin can, therefore, be potentially life-
threatening (2). Thiamine is present in the human body 
as free thiamine and as various phosphorylated forms: 
thiamine monophosphate, thiamine diphosphate, also 
known as thiamine pyrophosphate (TPP) (3,4), which is 
the most important and active form of this vitamin, and 
thiamine triphosphate. Thiamin pyrophosphate is an 
intracellular compound, which is why it can be considered 
as the best marker of thiamine nutritional status (1,4). It 
acts in concomitance with magnesium to expedite various 
mitochondrial oxidative decarboxylation reactions (Figure 1).  
Thiamin pyrophosphate is necessary as a cofactor for 
branched-chain ketoacid dehydrogenase complex essential 
for the metabolism of the branched-chain amino acids and 
for two critical complexes required for the mitochondrial 
synthesis of adenosine triphosphate (ATP): pyruvate and 
2-oxoglutarate dehydrogenase (α-ketoglutarate) complexes. 
Specifically, TPP is a catalyst in the reactions of pyruvate 
to acetyl-Coenzyme A and α-ketoglutarate to succinyl-
Coenzyme A in the Krebs cycle (Figure 1). Also, TPP 
serves as a coenzyme for transketolase, a cytosolic enzyme 
implicated in the pentose phosphate pathway, that functions 
in maintaining cell redox status through the production 
of NADPH (reduced nicotinamide adenine dinucleotide 
phosphate) and glutathione (5,6) (Figure 1). Thus, thiamine 
is an essential source of energy generation from glucose, 
via the conversion of pyruvate from glucose into acetyl-
Coenzyme A for access to the tricarboxylic acid cycle (6), 

and lack of thiamine leads to alterations in intermediate 
metabolism that end-up in lactic acidosis (4). 

Thiamine absorption

Thiamine is found mainly in raw foods, but its content is 
relatively low (7). Thiamine is absorbed in the jejunum 
by two processes. At low thiamine level in the small 
intestines, an active transport that is likely carrier-
mediated is responsible for absorption. When the thiamine 
concentration is high, absorption takes place by passive 
diffusion (7). Phosphorylation occurs in the jejunal mucosa 
to produce TPP. Maximum absorption of thiamine by the 
small intestines is 5 mg. Thiamine is conveyed by portal 
blood to the liver and transferred into red blood cells by a 
diffusion manner (7). The body cannot produce thiamine and 
can only store up to 30 mg of it with 80% as TPP and the 
remainder as thiamine monophosphate (1). About 50% of 
the body stores are found in the skeletal muscles with the rest 
in the heart, liver, kidney, and tissue of the nervous system, 
including the brain (3). Thiamine has a quick turnover rate, 
and therefore, it is difficult to maintain its store without 
continuous supplementation from food or other resources. 

Thiamine elimination 

 Thiamine, in the surplus of storage quantity and tissue 
demand, is systemically eliminated by renal excretion (1,3). 
Under conditions of thiamine shortage, this vitamin falls off 
rapidly from all tissues excepting the brain. The diminution 
of TPP in red blood cells is approximately similar to the 
decline of this coenzyme in other tissues (1). In parallel 
to the thiamine deficiency development, urinary thiamine 
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excretion drops nearby zero to maintain endogenous stocks. 
The half-life of thiamine is 9–18 days.

Associated thiamine insufficiency syndromes

Thiamine shortage can develop within two weeks of 
insufficient status (3). Lack of thiamine manifests in several 
particular signs and symptoms that are related to the 
impairments in the biochemistry of thiamine that result in 
an alteration in the oxidative phosphorylation, augmented 
levels of intermediate metabolites (pyruvate), and declined 
transketolase activity in red blood cells, liver, heart, and 
other organs (1,7). 

Thiamine shortage displays as wet or dry beriberi. Wet 
beriberi or cardiac beriberi alters cardiac function and typically 
manifests as peripheral dilation with high-output cardiac 
failure, although variations can occur, including biventricular 
low-output failure with salt sodium and water retention 
mimicking the signs and symptoms of heart failure (6).  
A life-threatening form of thiamine deficiency is termed 
Shoshin beriberi. Although rare, it is a fulminant form 
of wet beriberi that can develop very quickly provoking 
acute cardiovascular collapse, severe lactic acidosis, and 
if no treatment is available death occurs within hours (8). 
However, recovery is usually fairly rapid and complete 
following intra-venous thiamine injection (8,9). 

Thiamine deficiency with nervous system involvement 
is called dry beriberi (10). The neuropathic beriberi is 
characterized by symmetric alterations of sensory, motor, 
and reflex functions that typically affects more the lower 
extremities than the upper extremities and is often painful. 
Neuropathic beriberi can be permanent even following 
thiamine repletion (11,12). Another presentation of 
neurologic involvement is Wernicke-Korsakoff syndrome 
that classically presents with the clinical triad of global 
confusion, ataxia, and oculomotor abnormalities, in which 
nystagmus is the most common abnormality (10,11). 
However, all these symptoms do not need to be present to 
make the diagnosis of Wernicke-Korsakoff syndrome (10).

Thiamine deficiency in the critically ill patients

Predisposition to thiamine shortage can come from many 
situations that are associated with nutritional compromise 
and co-morbid disease. As thiamine is closely linked to 
carbohydrate metabolism, increased metabolic demand, 
parenteral or enteral nutrition, diuretics, hemodiafiltration 
could all deplete thiamine levels further. Several studies 

have found the presence of thiamine deficiency in critically 
ill patients (13-17). In some of these studies, thiamine 
deficiency was associated with poor outcome (13,14), 
whereas in others, this relationship was not observed (16,17). 
The discrepancy between these studies may be explained 
by different study designs, different patient population, and 
different methods used to measure blood thiamine levels 
(erythrocyte transketolase or direct measurement).

Thiamine deficiency is also prevalent in septic shock 
patients, with rates ranging from 20% to 70% depending 
on the cutoff value used to define the presence of thiamine 
deficiency (17-19). Lack of thiamine reduces the flux 
of pyruvate to the Krebs cycle, thus increasing lactate 
production by altering the aerobic metabolism (Figure 1). 
In a prospective, observational study, Donnino et al. (18) 
investigated the relationship between thiamine levels and 
lactic acidosis in 30 septic shock patients, and found no 
correlation between these two variables. However, after 
excluding patients with abnormal liver function tests, the 
authors observed a significant negative correlation between 
thiamine concentrations and lactic acidosis (r=−0.53, 
P=0.01), implying a potential association between thiamine 
levels and lactic acidosis in septic shock patients with 
normal liver function (18). Thus, the possibility that by 
decreasing the activity of pyruvate dehydrogenase complex, 
thiamine deficiency can contribute to increased production 
of lactic acid in critically ill septic patients exists. 

Recently, the same authors, in a two-center, randomized, 
double-blind trial, evaluated if the administration of 
thiamine in patients with septic shock would result in a 
reduction in lactate levels (19). Adult patients with the 
classic criteria of septic shock associated with lactate 
levels >3 mmol/L were included in this study. Exclusion 
criteria included patients with liver dysfunction, alcohol 
abuse, and current thiamine supplementation. Eighty-
eight patients were randomized to thiamine or placebo 
in a 1:1 ratio. Patients were given 200 mg thiamine or 
matching placebo twice daily for seven days or until 
hospital discharge. Importantly, placebo was the same in 
appearance to thiamine and patients, physicians, and the 
research team all were stayed blinded during the study 
period. Plasma thiamine and lactate levels were determined 
at enrollment just before the administration of thiamine and 
at 6, 12 and 24 hours after that. In this interesting study, 
thiamine levels were directly measured in plasma via Liquid 
Chromatography technique, and thiamine deficiency was 
defined as plasma level of 7 nmol/L or less. The primary 
outcome was the absolute difference in lactate levels  
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24 hours after the first administration dose of either 
thiamine or placebo, even though the sample size was 
calculated based on the relative rather than the absolute 
changes in lactate levels. Baseline characteristics were well 
equilibrated between thiamine and placebo groups (19). 

The authors were not able to observe a difference in 
the primary outcome of lactate concentrations at 24 hours 
between thiamine and placebo groups [median: 2.5 (1.5–3.4) 
vs. 2.6 (1.6–5.1) mmol/L, P=0.4; respectively]. The decrease 
in lactate levels from baseline to 24 hours was higher with 
significantly lower lactate concentrations in the thiamine 

group at 24 hours (P=0.048). However, all the pair-wise tests 
that were performed were without adjustment for multiple 
comparisons (four comparisons), with the consequence 
of family-wise error inflation. Thus, this analysis should 
be considered as exploratory. Moreover, no significant 
differences in the proportion and time to shock reversal, 
SOFA score at 24 hours, mortality rates, and ICU and 
length of stay were found between the thiamine and placebo 
groups (19). These findings are not a surprise since we do 
not expect that the administration of thiamine will have 
outstanding effects in sepsis with a myriad of biochemical 
abnormalities and multiple underlying pathophysiologic 
mechanisms.

Among septic shock patients with thiamine deficiency 
(n=28), the authors found that patients in the thiamine 
group (n=15) had lower lactate concentrations at 24 hours 
compared with the placebo group [median: 2.1 (1.4–2.5) vs. 
3.1 (1.9–8.3) mmol/L, P=0.03; respectively]. Also, only 7% 
of patients in the thiamine group had lactate concentration 
≥4 mmol/L compared to 38% in the placebo group (P=0.07). 
The in-hospital mortality was higher in the placebo group, 
but it was not statistically significant (46% vs. 13%, P=0.1). 
However, the authors observed a statistically significant 
difference in time to death in favor of thiamine group  
(Log-rank test, P=0.047) (19). All these results suggest that 
the administration of thiamine is advantageous in septic 
shock patients with severe thiamine deficiency (thiamine 
level ≤7 nmol/L). Even though the authors a priori 
planned to analyze the sub-group of patients with thiamine 
deficiency, these findings should be taken with precautions 
for several reasons. First, in this sub-group, patients were 
no longer randomly allocated to receive thiamine or 
placebo dose resulting in a lack of comparability of the two 
groups at baseline, and therefore, the effects of thiamine 
on outcomes are influenced by the potential issues of 
confounding. Seconds, the authors did not provide any 
information about the management of septic shock patients. 
Any differences between the two groups in the way that 
patients were resuscitated (fluid management, transfusion, 
antibiotics, etc.) could have a substantial impact on the 
results. Third, it is not shown whether the administration of 
thiamine has led to a significant increase in plasma thiamine 
levels at 24 hours. Fourth, the sample size for the thiamine 
deficiency group was minuscule preventing any conclusion. 
Fifth, among the 88 patients included in this study, only  
8 (9%) patients were enrolled in the non-coordinating 
center (19), which means that this is a mainly monocenter 
study precluding then the generalizability of the results.

Figure 1 The critical role of thiamine in carbohydrate metabolism and 

its connection with GSH (reduced glutathione) generation. Thiamine, 

through TPP, is an indispensable cofactor for PDH without which the 

entry into the Krebs cycle is blocked that leads to lactate accumulation. 

TPP is also an essential cofactor of the enzymes: α-KDH for 

conversion of (α-ketoglutarate to succinyl CoA in the Krebs cycle, and 

Transketolase in the pentose phosphate pathway for regeneration of 

GSH from oxidized glutathione (GSSG) and energy production. LDH, 

lactate dehydrogenase. TPP, thiamine pyrophosphate; PDH, pyruvate 

dehydrogenase; α-KDH, α-ketoglutarate dehydrogenase.

Glycolysis

Glyceraldehyde-3-P

Pyruvate

PDH

Acetyl-CoA

Oxaloacetate

Citrate

Isocitrate

Succinyl-CoA

Succinate

α-Ketoglutarat

α-KDPH

TPP

TPP

TPP

Krebs Cycle

Fumarate

Malate

LDH

Lactate

NADPH

NADP

Pentose-Phosphate Cycle

Ribose-5-P

Transketolase

GSH

GSSG

NAD + H+ NAD+

Glucose

Glucose-6-P



1065Journal of Thoracic Disease, Vol 8, No 6 June 2016

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2016;8(6):1062-1066jtd.amegroups.com

Increased lactate levels in septic shock may result from 
different mechanisms. Inadequacy between oxygen delivery 
and oxygen demand by the tissues, impairment of tissue 
oxygen extraction due to the sepsis-induced alterations in 
the microcirculation, and mitochondrial dysfunction all lead 
to the activation of anaerobic metabolism, and pyruvate is 
shunted toward lactate production (20). Other non-hypoxic 
mechanisms such as accelerated aerobic glycolysis induced 
by sepsis-associated inflammation (20), increased Na+-
K+-ATPase activity through  β2 stimulation (21), sepsis-
induced inhibition of pyruvate dehydrogenase complex (22),  
impaired lactate clearance (23), and may be thiamine 
deficiency (18) may contribute to hyperlactatemia in septic 
shock patients. However, the source of lactic acidosis 
in septic shock patients is not usually identified by ICU 
physicians at the bedside. Also, in practice, measurements 
of plasma thiamine levels are not widely available laboratory 
tests and take several days to perform and, therefore, will 
not aid in decision making in septic shock. Nevertheless, 
septic shock can have manifestations similar to Shoshin 
beriberi and as adverse effects of thiamine administration 
are uncommon at both low or high dose and the overall 
safety profile (10), we think that septic shock patients 
should be given thiamine parenterally without waiting 
for the results of thiamine level. The European Society 
for Clinical Nutrition and Metabolism guidelines for 
parenteral nutrition in intensive care recommended 
thiamine supplementation of 100 to 300 mg/day during the 
first three days in the ICU for all patients with suspected 
thiamine deficiency (24). However, a dosage upwards to 
500 mg may be necessary for patients with septic shock. 
Because anaphylaxis has been reported in rare instances (10),  
guidelines in the United Kingdom have recommended that 
thiamine should be administered over 15- to 30-minute 
interval in a mixture of saline solution or dextrose, with the 
intention of averting potential adverse reactions. 

In conclusion, the authors should be congratulated for 
this fascinating and original study that shed the light on the 
possible beneficial effects of thiamine treatment in septic 
shock patients.
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