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Thiamine use is associated with
better outcomes for traumatic
brain injury patients

Ruoran Wang®, Yunhui Zeng'!, Jianguo Xu'* and Min He?*

!Department of Neurosurgery, West China Hospital, Sichuan University, Chengdu, Sichuan, China,
2Department of Critical Care Medicine, West China Hospital, Sichuan University, Chengdu, Sichuan,
China

Background: Traumatic brain injury (TBI) is a global health concern that often
leads to poor prognosis. We designed this study to explore whether thiamine
use is associated with a better prognosis of TBI.

Methods: TBI patients selected from the Medical Information Mart for Intensive
Care-lll database were included in the study. Univariate and multivariate Cox
regression analyses were performed to examine the relationship between
thiamine use and mortality in TBI patients. Propensity score matching (PSM) was
utilized to generate balanced cohorts of the non-thiamine use group and the
thiamine use group. Subgroup analysis was performed in the cohort after PSM to
verify the association between thiamine use and mortality in TBI patients across
different stratifications.

Results: The incidence of thiamine use in TBI was 18.3%. The thiamine use
group had a lower 30-day mortality rate (p < 0.001), a longer length of ICU
stay (p < 0.001), and a longer length of hospital stay (p < 0.001) than the
non-thiamine use group, both in the primary cohort before PSM and the cohort
after PSM. A multivariate Cox regression analysis confirmed that thiamine use was
independently associated with mortality (OR = 0.454, p < 0.001) after adjusting
for confounding effects. In the cohort after PSM, the subgroup analysis showed
that thiamine use is associated with lower mortality in TBI patients with a Glasgow
Coma Scale (GCS) score of <13, but it is not associated with mortality in TBI
patients whose GCS score is >13.

Conclusion: Thiamine supplementation is effective in improving the outcome of
TBI, except in cases of mild TBI. The optimal thiamine supplementation strategy
for TBI is worthwhile to be explored in future studies.

KEYWORDS
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1 Introduction

Traumatic brain injury (TBI) is a public health concern with high morbidity and
mortality rates. The estimated incidence of TBI is 69 million per year globally (1). Although
many advances have been achieved to improve the prognosis of TBI, including temperature
management, hypertonic saline, and multimodal monitoring (2, 3), research studies
exploring the effectiveness of pharmacological interventions aimed at TBI, including
nutritional supplementation, have never been interrupted (4, 5). Poor nutritional status
is commonly observed in TBI patients and is associated with worse prognosis in these
patients (6-8). The poor nutritional status of TBI patients may be attributable to multiple
factors, including increased metabolic demand due to systemic inflammation, massive
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bleeding, and reduced absorption due to dysphagia and
gastrointestinal dysfunction. Nutritional supplements including
vitamins and trace elements are very important in improving the
prognosis of critically ill patients, including those with TBI (9-11).
Previous studies have investigated the influence of several nutrient
supplements on the outcome of TBI animal models, including
omega-3, zing, vitamin D, vitamin E, and glutamine (12-16).

As an important member of B vitamins, thiamine participates
in the formation of coenzymes for many important enzymes
responsible for the carbohydrate metabolism, including pyruvate
dehydrogenase, a-ketoglutarate dehydrogenase, and transketolase.
The pyruvate dehydrogenase and a-ketoglutarate dehydrogenase
catalyze the ATP production in the mitochondrion, while the
transketolase promotes the pentose-phosphate cycle to produce
ribose-5-phosphate and nicotinamide adenine dinucleotide
phosphate, which play an important role in the biosynthesis of
nucleotides, fatty acids, cholesterol, and steroid hormones (17, 18).
Thiamine deficiency can disturb the carbohydrate metabolism with
decreased energy production and the accumulation of lactate. Some
studies have explored the effect of thiamine supplementation on
the prognosis of several kinds of patients (19-22). While no clinical
study has yet explored the effect of thiamine supplementation on
the prognosis of TBI patients, we designed this study to verify the
effect of thiamine supplementation on mortality in TBI patients

and identify those who could benefit from the supplementation.

2 Materials and methods
2.1 Patients

TBI patients selected from the Medical Information Mart for
Intensive Care-IIT (MIMIC-III) database were included in this
study. The MIMIC-III is a freely available database that compiles
clinical information of patients hospitalized in the intensive care
units of the Beth Israel Deaconess Medical Center (BIDMC)
(Boston, MA) between 2001 and 2012. This database received
ethical approval from the institutional review boards of the
Massachusetts Institute of Technology (Cambridge, MA) and
BIDMC. All patients recorded in this database were anonymized
and de-identified to protect their privacy. The diagnosis of TBI
was confirmed based on the following ICD-9 codes: 80000-80199;
80300-80499; and 8500-85419. Eligible TBI patients were excluded
if they met the following criteria: (1) age < 18 years; (2) missing
records of the Glasgow Coma Scale (GCS) score on admission; (3)
missing records of vital signs on admission and laboratory tests; and
(4) an Abbreviated Injury Scale (AIS) score for the head of < 3. A
total of 2,280 patients were finally included in the study (Figure 1).

2.2 Data collection

Patients’ age, gender, and comorbidities, including diabetes
mellitus, hypertension, coronary heart disease, history of
myocardial infarction, cerebral vascular disease, liver disease,
chronic renal disease, and cancer, were collected. Upon admission,
vital signs including systolic blood pressure, diastolic blood

pressure, and heart rate were recorded. Additionally, the initial
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Patients with head injury in MIMIC 11
(N=2680)

Patients excluded (N=400):
1. Age <18, n=32
2. Lacked in records of GCS on

» admission,n=65

3. Lacked in records of vital signs and
laboratory test, n=116

4, AlS<3,n=187

Patients finallyincluded
(N=2280)

FIGURE 1
Flowchart of patient inclusion.

GCS and Injury Severity Scale (ISS) scores were collected to
evaluate the severity of injuries. Laboratory tests for white
blood cell (WBC) count, platelet count, hemoglobin level, and
glucose level were analyzed from the first blood sample within
24h of admission. Intracranial injury types, including epidural
hematoma, subdural hematoma, subarachnoid hemorrhage, and
intraparenchymal hemorrhage, were identified. The coagulopathy
was confirmed based on the following criteria: activated partial
thrombin time (APTT)>40s, or/and international normalized
ratio (INR)> 1.2, or/and platelet<120 x 10°/L (23, 24). Treatments
including red blood cell (RBC) transfusion during the first day,
platelet transfusion during the first day, vasopressor use during the
first day, mechanical ventilation, and neurosurgery were recorded.
The primary outcome of this study was the 30-day mortality rate.
The length of ICU stay and length of hospital stay were compared
between the non-thiamine group and the thiamine group.

2.3 Statistical analysis

The Kolmogorov-Smirnov test was utilized to identify the
normality of variables. Variables with normal or non-normal
distributions were presented as mean =+ standard deviation and
median (interquartile range), respectively. Student’s ¢-test and the
Mann-Whitney U-test were utilized to compare the difference
between the two groups of variables with normal or non-normal
distributions, respectively. Categorical variables were presented as
counts (percentage). The Chi-squared test or Fisher exact test
was applied to compare the difference between the two groups
of categorical variables. A univariate Cox regression analysis was
performed to discover the potential risk factors of mortality in TBI
patients. The association between thiamine use and mortality in
TBI patients was confirmed using the multivariate Cox regression
analysis after adjusting for risk factors discovered in the univariate
Cox regression. To reduce the impact of bias and confounding
variables on the association, PSM was performed to generate
baseline balanced cohorts with a matching ratio of 1:1. Differences
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TABLE 1 Baseline characteristics of TBI patients cohort before PSM and after PSM.

Cohorts before PSM

Cohorts after PSM

Overall Non-thiamine Thiamine Overall Non-thiamine Thiamine
patients group group patients group group
(n = 2,280) (n=1,863, XA (n = 804) (n = 402) (n = 402)
81.7%) 18.3%)
Age (year) 64.9 (43.7-81.0) 70.2 (44.2-83.0) 52.7 (43.0-63.2) <0.001 52.9 (37.0-68.3) 52.9 (28.6-74.3) 52.8 (43.0-63.7) 0.665
Male gender (%) 1400 (61.4%) 1070 (57.4%) 330 (79.1%) <0.001 637 (79.2%) 322 (80.1%) 315 (78.4%) 0.543
Comorbidities
Diabetes (%) 351 (15.4%) 304 (16.3%) 47 (11.3%) 0.010 92 (11.4%) 45 (11.2%) 47 (11.7%) 0.825
Hypertension (%) 844 (37.0%) 703 (37.7%) 141 (33.8%) 0.134 273 (34.0%) 136 (33.8%) 137 (34.1%) 0.941
Hyperlipidemia (%) 298 (13.1%) 256 (13.7%) 42 (10.1%) 0.044 86 (10.7%) 44 (10.9%) 42 (10.4%) 0.819
Coronary heart disease (%) 293 (12.9%) 260 (14.0%) 33 (7.9%) <0.001 64 (8.0%) 31 (7.7%) 33 (8.2%) 0.794
History of myocardial 83 (3.6%) 71 (3.8%) 12 (2.9%) 0.358 24 (3.0%) 12 (3.0%) 12 (3.0%) 1.000
infarction (%)
Cerebral vascular disease (%) 41 (1.8%) 35 (1.9%) 6 (1.4%) 0.541 11 (1.4%) 5(1.2%) 6 (1.5%) 0.761
Liver disease (%) 94 (4.1%) 51 (2.7%) 43 (10.3%) <0.001 61 (7.6%) 30 (7.5%) 31 (7.7%) 0.894
Chronic renal disease (%) 153 (6.7%) 136 (7.3%) 17 (4.1%) 0.017 26 (3.2%) 10 (2.5%) 16 (4.0%) 0.232
Cancer (%) 238 (10.4%) 208 (11.2%) 30 (7.2%) 0.017 57 (7.1%) 27 (6.7%) 30 (7.5%) 0.680
Vital signs on admission
Systolic blood pressure 132 (117-147) 132 (117-147) 131 (115-147) 0.273 131 (116-145) 130 (117-143) 131 (114-147) 0.482
(mmHg)
Diastolic blood pressure 67 (56-77) 66 (56-76) 70 (59-82) <0.001 69 (59-81) 69 (60-79) 69 (59-82) 0.607
(mmHg)
Heart rate (min~") 83 (72-96) 82 (71-95) 89 (77-100) <0.001 87 (76-100) 87 (75-100) 88 (77-100) 0.503
GCS 12 (6-15) 13 (6-15) 10 (6-14) <0.001 10 (6-15) 9 (6-15) 10 (6-14) 0.742
1SS 16 (16-25) 16 (16-25) 16 (14-25) 0.368 16 (16-25) 16 (16-25) 16 (14-25) 0.201
Laboratory tests
WBC (10°/L) 11.60 (8.40-15.70) 11.70 (8.70-15.70) 11.20 (7.80-15.70) 0.024 11.60 (8.30-15.80) 11.80 (8.80-15.80) 11.30 (8.00-15.70) 0.160
Platelet (10°/L) 230 (183-285) 231 (185-285) 226 (165-281) 0.030 228 (182-283) 228 (187-283) 227 (170-284) 0.330
Hemoglobin (g/dL) 12.8 (11.4-14.1) 12.7 (11.3-14.0) 13.1 (11.8-14.5) <0.001 13.2 (11.9-14.6) 13.3 (12.1-14.6) 13.1(11.8-14.5) 0.210
Glucose (mg/dL) 132 (110-165) 134 (111-167) 124 (105-150) <0.001 123 (105-150) 123 (106-150) 124 (105-151) 0.697
(Continued)
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TABLE 1 (Continued)

Intracranial injury locations

Overall

patients
(n = 2,280)

Cohorts before PSM

Non-thiamine

roup

(nh = 1,863,

81.7%)

Thiamine
group
X AVA
18.3%)

Overall
patients
(n = 804)

Cohorts after PSM

Non-thiamine

group
(n = 402)

Thiamine
group
(n = 402)

Epidural hematoma (%) 543 (23.8%) 434 (23.3%) 109 (26.1%) 0218 208 (25.9%) 104 (25.9%) 104 (25.9%) 1.000
Subdural hematoma (%) 1319 (57.9%) 1097 (58.9%) 222 (53.2%) 0.035 423 (52.6%) 211 (52.5%) 212 (52.7%) 0.944
Subarachnoid hemorrhage 958 (42.0%) 779 (41.8%) 179 (42.9%) 0.678 341 (42.4%) 169 (42.0%) 172 (42.8%) 0.830
(%)

Intraparenchymal 447 (19.6%) 348 (18.7%) 99 (23.7%) 0.019 183 (22.761%) 88 (21.9%) 95 (23.6%) 0.556
hemorrhage (%)

Coagulopathy (%) 743 (32.6%) 611 (32.8%) 132 (31.7%) 0.653 237(29.478%) 113 (28.1%) 124 (30.8%) 0.395
RBC transfusion during the 178 (7.8%) 157 (8.4%) 21 (5.0%) 0.020 39 (4.9%) 19 (4.7%) 20 (5.0%) 0.870
first day (%)

Platelet transfusion during the 223(9.8%) 187 (10.0%) 36 (8.6%) 0.383 71 (8.8%) 38(9.5%) 33(8.2%) 0.534
first day (%)

Vasopressor during the first 150 (6.6%) 132 (7.1%) 18 (4.3%) 0.039 32 (4.0%) 14 (3.5%) 18 (4.5%) 0.471
day (%)

Thiamine dose (mg) 0 0 200 (100-300) <0.001 100 (0-200) 0 200 (100-300) <0.001
Mechanical ventilation (%) 1034 (45.4%) 789 (42.4%) 245 (58.8%) <0.001 456 (56.7%) 224 (55.7%) 232 (57.7%) 0.569
Neurosurgery (%) 572 (25.1%) 479 (25.7%) 93 (22.3%) 0.147 175 (21.8%) 85 (21.1%) 90 (22.4%) 0.669
30-day mortality (%) 404 (17.7%) 371 (19.9%) 33 (7.9%) <0.001 94 (11.7%) 65 (16.2%) 29 (7.2%) <0.001
Length of ICU stay (day) 2.3 (1.2-5.6) 2.1 (1.2-5.0) 32(1.7-7.3) <0.001 2.7 (1.5-6.1) 2.3(1.3-5.6) 3.0 (1.6-7.1) <0.001
Length of hospital stay (day) 6.3 (3.6-12.4) 5.9 (3.4-11.5) 9.2 (4.5-17.5) <0.001 7.2 (3.7-14.8) 5.5(3.1-11.6) 9.2 (4.5-17.6) <0.001

GCS, Glasgow Coma Scale; ISS, Injury Severity Score; WBC, white blood cell; RBC, red blood cell. Bold values indicate p < 0.05.
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TABLE 2 Risk factors of 30-day mortality analyzed by univariate Cox
regression.

10.3389/fnut.2024.1362817

TABLE 3 Association between thiamine use and 30-day mortality
analyzed by Cox regression.

VELETJES HR 95% ClI P-value HR 95% Cl p
Age 1.022 (1.017-1.028) <0.001 Unadjusted before PSM 0.369 0.259-0.527 <0.001
Male gender 0.894 (0.733-1.090) 0.268 Adjusted before PSM 0.454 0.315-0.654 <0.001
Diabetes 1.404 (1.102-1.790) 0.006 After PSM 0.403 0.254-0.640 <0.001
Hypertension 1.105 (0.905-1.349) 0.329 HR, hazard ratio; CI, confidence interval; PSM, propensity score match.
Hyperlipidemia 1.033 (0.777-1.372) 0.824
Coronary heart disease 1.150 (0.871-1.519) 0.324 after PSM, stratified by age, gender, GCS score, and ISS score. The
History of myocardial 0.856 (0.493-1.488) 0582 relationship between thiamine dose and mortality was analyzed
infarction using the Restricted Cubic Spline (RCS) curve among TBI patients
Cerebral vascular disease 1.280 (0.661-2.478) 0.464 receiving thiamine in the cohort after PSM.
. A two-sided p < 0.05 was considered to be statistically
Liver di 0.948 0.575-1.562 0.833 Lo . .
tver disease ( ) significant. R (version 3.6.1; R Foundation) software was used to
Chronic renal disease 2.042 (1.519-2.747) <0.001 perform statistical analyses and generate figures.
Cancer 1.353 (1.018-1.799) 0.037
Systolic blood pressure 0.997 (0.993-1.001) 0.110 3 Results
Diastolic blood pressure 0.990 (0.984-0.996) 0.002 . R .
3.1 Baseline characteristics of TBI patients
Heart rate 0.998 (0.992-1.003) 0.433
GCs 0.830 (0.811-0.849) <0.001 In this study, 18.3% of TBI patients used thiamine (Table 1). In
1SS 1.044 (1.034-1.053) <0.001 the primary cohort before PSM, the thiamine use group had a lower
average age (p < 0.001), a higher percentage of male individuals
WBC 1.003 (1.001-1.004) <0.001 ge age (p . ) . gherp . 8 . 4
< 0.001), and a lower incidence of complicated diabetes (p = 0.010),
Platelet 0.998 (0.997-0.999) <0.001 hyperlipidemia (p = 0.044), coronary heart disease (p < 0.001),
Hemoglobin 0.838 (0.803-0.875) <0.001 chronic renal disease (p = 0.017), and cancer (p = 0.017). In the
Glucose 1003 (1.003-1.004) ~0.001 thiamine use group, both the initial diastolic blood pressure (p <
0.001) and heart rate (p < 0.001) were significantly higher, while
Epidural hematoma 1.084 (0-865-1.359) 0485 the GCS (p < 0.001) score was significantly lower. The results of
Subdural hematoma 1.005 (0.825-1.224) 0.961 laboratory tests indicated that, compared to the non-thiamine use
Subarachnoid 1184 (0.974-1.441) 0.090 group, the thiamine use group had lower WBC count (p = 0.024),
hemorrhage platelet count (p = 0.030), and glucose level (p < 0.001) but higher
Intraparenchymal 0.845 (0.653-1.094) 0.201 hemoglobin level (p < 0.001). Additionally, RBC transfusion (p =
hemorrhage 0.020) and vasopressor use (p = 0.039) during the first day were
Thiamine use 0369 (0.259-0.527) ~0.001 m.ore prevalent 1.n tbe non-thiamine use 1g.rouP. Finally, compared
with the non-thiamine use group, the thiamine use group had a
Zastogressor during the 3688 (2.837-4.794) <0.001 higher incidence of mechanical ventilation use (p < 0.001), lower
rst day . .
30-day mortality (p < 0.001), a longer length of stay in the ICU (p
RBC during the first day 2465 (1.877-3.237) <0.001 < 0.001), and a longer length of hospital stay (p < 0.001). A total of
Platelet during the first 2.022 (1.558-2.624) <0.001 804 TBI patients were included and compared after PSM with the
day match ratio of 1:1. In the cohort after PSM, the thiamine use group
Coagulopathy 2213 (1.821-2.690) <0.001 still had a lower 30-day mortality (p < 0.001) rate, a longer length
Mechanical ventilation 4.121 (3.292-5.159) <0.001 of ICU stay (P < 0.001), and a. lon.ger 1ength of hospltal stay (P =
0.001) compared to the non-thiamine use group.
Neurosurgery 1.416 (1.147-1.747) 0.001

HR, hazard ratio; CI, confidence interval; GCS, Glasgow Coma Scale; ISS, Injury Severity
Score; WBC, white blood cell; RBC, red blood cell. Bold values indicate p < 0.05.

in survival rates between the thiamine use group and the non-
thiamine use group were verified by the Kaplan-Meier survival
analysis in the primary cohort before PSM and in the cohort after
PSM. The association between thiamine use and mortality was
confirmed by the univariate Cox regression analysis in the cohort
after PSM. Subgroup analysis was also performed in the cohort

Frontiersin Nutrition

3.2 Association between the thiamine use
and mortality in TBI patients

The univariate Cox regression analysis identified several factors
significantly associated with mortality in TBI patients. These factors
include age (p < 0.001), diabetes (p = 0.006), chronic renal disease
(p < 0.001), cancer (p = 0.037), diastolic blood pressure (p =
0.002), GCS score (p < 0.001), ISS score (p < 0.001), WBC
count (p < 0.001), platelet count (p < 0.001), hemoglobin level
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FIGURE 2

analysis in the cohort after PSM.

(A) Comparison of survival between the thiamine use group and the non-thiamine use group using the Kaplan—Meier survival analysis in the primary
cohort before PSM; (B) Comparison of survival between the thiamine use group and the non-thiamine use group using the Kaplan—Meier survival
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(p < 0.001), glucose level (p < 0.001), thiamine use (p < 0.001),
vasopressor during the first day (p < 0.001), RBC transfusion
during the first day (p < 0.001), platelet transfusion during the
first day (p < 0.001), coagulopathy (p < 0.001), mechanical
ventilation (p < 0.001), and neurosurgery (p = 0.001) (Table 2).
The multivariate Cox regression analysis confirmed that thiamine
use was independently associated with mortality (OR = 0.454, p <
0.001) (‘Table 3). After PSM, thiamine use was still associated with
better prognosis, and this association was statistically significant
(OR = 0.403, p < 0.001). The Kaplan-Meier survival analysis
revealed that the thiamine use group had a significantly higher
survival rate compared to the non-thiamine use group (p < 0.001)
(Figures 2A, B). In the sub-group analysis, ISS score, gender, and
age did not influence the association between thiamine use and
mortality in TBI patients; however, the GCS score did influence
the association (Figure 3). Thiamine use is associated with a better
prognosis in TBI patients with a GCS score of <13, indicating
moderate to severe TBI, but it is not associated with the prognosis
of TBI patients with a GCS score of >13, which indicates mild
TBI. Finally, the association between thiamine dose and mortality
was identified using the RCS curve among TBI patients receiving
thiamine in the cohort after PSM (Figure 4A). The cutoft value
of the thiamine dose was set at 200 mg. Figure 4B shows different
mortality rates between the non-thiamine use group (16.1%), the
thiamine use group with a dosage of <200 mg (8.0%), and the
thiamine use group with a dosage of >200mg (4.9%). The non-
thiamine use group had significantly higher mortality rates than
both the thiamine use group with a dosage of <200 mg (<0.001)
and the thiamine use group with a dosage of >200mg (<0.001).
However, the thiamine use group with a dosage of <200 mg had
higher mortality rates than the thiamine use group with a dosage

Frontiersin Nutrition

of >200 mg; however, the difference was not statistically significant
(p =0.278).

4 Discussion

This study indicated that thiamine use might lead to an
improved prognosis for most TBI patients, including lower 30-
day mortality and shorter length of hospital stay. As a water-
soluble vitamin essential for cellular metabolism, thiamine exists
in several forms in the human body, including thiamine, thiamine
monophosphate, and thiamine pyrophosphate (TPP) (25). TPP is
closely associated with glycolysis promoting the transformation
of glucose to pyruvate and the Krebs cycle, which is essential for
ATP production. Therefore, thiamine deficiency could disturb the
carbohydrate metabolism with decreased energy production and
the accumulation of lactate.

Previous studies have indicated that thiamine deficiency is
prevalent among critically ill patients, with an incidence rate of
20% in those admitted to the ICU and 21% in those admitted
to the emergency department (26-28). Thiamine deficiency
during hospitalizations may be attributable to factors such as
increased consumption and inadequate intake of food. Systemic
inflammatory response syndrome and oxidative stress commonly
occur in conditions like severe sepsis, burns, and trauma,
potentially due to the depletion of thiamine storage in the body
(29-31). Impaired reabsorption and increased excretion from the
kidney due to diuretic use is another important cause of thiamine
deficiency (32, 33). Additionally, thiamine deficiency is often
observed in alcoholic patients due to malnutrition, inadequate liver
storage, and impaired gastrointestinal absorption (34-36). Finally,
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FIGURE 3
Subgroup analysis of the association between thiamine use and mortality in TBI patients using Cox regression.

inadequate intake caused by chronic malnutrition, starvation,
parenteral feeding, and chemotherapy could also promote the
development of thiamine deficiency (37).

In TBI patients, thiamine deficiency may be caused by diverse
factors, including a history of alcoholism, increased consumption
due to inflammation and oxidative stress after injury, massive usage
of furosemide, and inappropriate parenteral or enteral feeding.
Thiamine deficiency could promote the development of lactic
acidosis, which has been confirmed to be independently associated
with a worse prognosis in TBI patients (38, 39). Furthermore, it
can lead to decreased synthesis of TPP, which subsequently impairs
the anabolic activity in the brain, including the carbohydrate
metabolism, lipid metabolism, and amino acid metabolism. These
metabolic activities are essential for the production of ATP, myelin,
and neurotransmitters (34). One study involving general ICU
patients found that supplementation of antioxidant micronutrients
containing zinc, selenium, thiamine, and vitamin C did not reduce
the risk of organ failure; however, it alleviated the inflammatory
response in patients undergoing cardiac surgery or experiencing
trauma (40). Another animal study found that o-ketoglutarate
dehydrogenase was the major damaged site in the mitochondria
after TBI and was associated with neuroinflammation in the rat
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model (41). However, thiamine could preserve the mitochondrial
function after TBI by preventing the inactivation of a-ketoglutarate
dehydrogenase. Therefore, adequate supplementation of thiamine
to TBI patients may be essential to alleviate secondary brain injury
and improve their prognosis.

that thiamine

supplementation was associated with reduced mortality rates

Previous database studies have found
in various patient groups, including those diagnosed with acute
kidney injury, sepsis, or ventilator-associated pneumonia (19-
22). Another retrospective matched cohort study confirmed
that thiamine supplementation within 24h of admission was
associated with improved lactate clearance and a reduction in
28-day mortality in septic shock patients (42). Because of its water-
soluble nature, thiamine can be rapidly recovered in the body
through intravenous or oral supplementation. The Recommended
Daily Allowance (RDA) suggests the thiamine dose for adults
as 1.1-1.2 mg/day, whereas the European Community directive
for enteral nutrition recommends a minimum thiamine dose of
1.2 mg/day and a maximum dose of 10 mg/day (43, 44). While
these recommendations are tailored for healthy adults, they may
not be suitable for critically ill patients with widespread vitamin

deficiency and increased vitamin requirements. In our study, the
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RCS showed an inflection point at the thiamine dose of 200 mg,
which indicated that TBI patients receiving accumulative doses
of thiamine >200mg had relatively lower mortality than those
without. The statistical significance, generalizability, and reliability
of this finding were limited by the sample size and the lack
of unadjusted analysis. Additionally, the optimal daily dose of
thiamine was not fully explored because it may be influenced by
multiple factors such as weight, hepatic and renal function, and
baseline nutritional status. The most appropriate dose and the
detailed regime of thiamine supplementation for TBI patients
deserve further exploration.

This study has several limitations. First, this database study
was performed using the dataset from a single medical center.
The association between thiamine use and mortality in TBI
patients should be further verified in other medical centers through
randomized controlled trials. Second, although many clinical
factors were matched using the PSM, some potential confounding
factors were still not included, which may influence the reliability
of the conclusion. Third, the daily dose, initiating time, and
duration of thiamine supplementation were not recorded, so we
could not explore the optimal regime of thiamine supplementation.
Although we have analyzed the relationship between the total
dose during hospitalizations and mortality in TBI patients, this
relationship may be influenced by many confounding factors such
as weight, hepatic and renal function, and baseline nutritional
status. Fourth, we only recorded the mortality rate as the primary
outcome due to the limited prognostic information in the database.
Other outcomes of TBI patients, including functional status and
cognitive status, may also be influenced by thiamine use. Finally,
the baseline serum level of thiamine was not recorded in the
database. Therefore, we could not identify the independent effect
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of thiamine deficiency or determine which patients would benefit
most from thiamine supplementation.

5 Conclusion

Thiamine supplementation has been shown to improve survival
outcomes in TBI patients, with the exception of those with
mild TBI. The optimal daily dose and timing of thiamine
supplementation for patients with TBI are worthy to be explored
in future studies.
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