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Abstract: Background: Acute alcohol intoxication (AAI) is a common emergency with no specific antidote.
Metadoxine has shown potential but lacks sufficient real-world evidence, particularly in Chinese populations.
Objectives: To evaluate the clinical efficacy and safety of metadoxine in patients with acute alcohol intoxication.
Methods: This single-center retrospective cohort study included 124 patients with AAI admitted to an emergency
department between January and December 2024. Patients were divided into metadoxine plus conventional treatment
(n=62) or conventional treatment alone (n=62) after propensity score matching. Primary outcomes were time to
consciousness recovery (Glasgow Coma Scale >14) and treatment effectiveness rate (symptom improvement within 6
hours without treatment escalation). Secondary outcomes included time to symptom relief, emergency stay, time to vital
sign stabilization, blood ethanol decline rate, adverse reactions, and liver function changes. Results: Metadoxine
significantly shortened consciousness recovery time (3.05+1.45 vs. 5.65+1.58 hours, mean difference —2.60 hours, 95%
CI: —3.14 to —2.06, p < 0.001) and improved treatment effectiveness rate (93.5% vs. 77.4%, OR=4.04, 95% CI: 1.30—
12.56, p = 0.011). All secondary outcomes were significantly better in the metadoxine group (p < 0.001 for time-related
outcomes and blood ethanol decline). No significant differences were observed in adverse reactions (9.68% vs. 6.45%, p
= 0.510) or post-treatment liver enzyme abnormalities (12.90% vs. 16.13%, p = 0.610). Subgroup analysis showed a
significant interaction by initial Glasgow Coma Scale (p = 0.037), indicating greater efficacy in patients with moderate-
to-severe impairment. Conclusion: Metadoxine, when added to conventional supportive therapy, significantly
accelerates consciousness recovery and improves clinical outcomes in acute alcohol intoxication without increasing
short-term adverse events. The benefit appears more pronounced in patients with lower Glasgow Coma Scale scores.
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INTRODUCTION

Acute Alcohol Intoxication (AAI) is one of the most
common emergencies in emergency medicine, referring to
a clinical syndrome that occurs when a person consumes
excessive alcohol or alcoholic beverages within a short
period of time, causing dysfunction of the central nervous
system and possibly accompanied by disorders in the
circulatory, respiratory and metabolic systems (D’Angelo
et al. (2022); Hsieh et al. (2024)). Its clinical
manifestations can range from euphoria, slurred speech,
ataxia, progressing to coma, respiratory depression and
even death, placing continuous pressure on social public
health resources and the medical system (Mirijello et al.
(2023a); Landry et al. (2026)). Currently, the clinical
management of AAI mainly focuses on supportive and
symptomatic treatment, including maintaining vital signs,
preventing aspiration, fluid replacement to promote
excretion and correcting electrolyte imbalances, but there
are no specific antidotes that can specifically reverse the
toxicological effects of ethanol and its metabolites (Sarkar
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et al. (2023a); Beaulieu et al. (2025)). This "passive
waiting for metabolism" treatment model leads to slow
recovery of consciousness, long emergency observation
periods, high utilization of medical resources and serious
poisoning patients facing unpredictable risks of
neurological and multiple organ damage (Hayes et al.
(2025); Salehtabari et al. (2025)). Therefore, exploring a
specific antidote that can actively, quickly and safely
promote ethanol clearance or antagonize its neurotoxicity
has always been an important direction in emergency
toxicology research and an wurgent need in clinical
practice.

In this context, metadoxine (a compound composed of
pyridoxine and pyrrolidone carboxylate) came into the
researchers' view (Adekunle et al. (2023)). Its mechanism
of action mainly relies on two aspects: Firstly, it
accelerates the degradation and clearance of ethanol and
its toxic metabolite acetaldehyde, especially enhancing
the metabolism of ethanol through the alcohol
dehydrogenase (ADH) pathway in the liver and possibly
promoting the activity of acetaldehyde dehydrogenase
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(ALDH), thereby reducing the concentrations of ethanol
and acetaldehyde in the blood (Tete et al. (2020); Park
and Seo (2025)). Secondly, studies have shown that it has
potential neuroprotective effects, possibly through
antioxidant mechanisms to alleviate the damage of
ethanol to the central nervous system (Xiao et al. (2022);
Pan et al. (2025)). Some previous basic research and
small-scale  clinical observations suggested that
metadoxine might shorten the awakening time of patients
with alcohol poisoning and improve clinical symptoms
(LeFort et al. (2023); Li (2024)) However, the existing
evidence base still has significant gaps. Although several
clinical studies from the 2000s, including the double-blind
randomized trial by Shpilenya et al.(Shpilenya et al.,
2002) (2002) and the open-label study by Diaz Martinez
et al. (2002) (Diaz Martinez et al., 2002), have suggested
the potential efficacy of metadoxine in AAI, the number
of high-quality randomized controlled trials remains small
and findings are not entirely consistent. More importantly,
high-quality clinical research on metadoxine for acute
alcohol poisoning in the Chinese population remains
notably scarce, with most domestic studies having limited
sample sizes or being published in journals with limited
academic visibility (Zhu and Xiao n.d.). However, these
earlier studies were conducted over two decades ago, and
the applicability of their findings to contemporary clinical
practice and the Chinese population warrants
reassessment. Most existing reports are either small-
sample observations or open-label designs, lacking strict
comparisons with current standard treatment regimens,
especially insufficient efficacy and safety data in real-
world clinical settings (Zulfatim et al. (2025)). Moreover,
there is a lack of systematic evaluation on whether
metadoxine can not only accelerate symptom
improvement but also bring more practical medical
management benefits such as shortening emergency
detention time, stabilizing vital signs more quickly and
reducing the short-term risk of liver function damage
(Ansari et al. (2020); Mostafa and El-Atawi n.d.). The
absence of these evidences severely restricts the
standardized application and promotion of this drug in
clinical practice.

Therefore, in order to further clarify the value of
metadoxine in the treatment of acute alcohol poisoning in
the Chinese population and to fill the gaps in the existing
clinical evidence, this study designed and conducted a
single-center retrospective cohort analysis. The core
objective of this study is to evaluate systematically, in a
real clinical practice setting, the clinical efficacy and
medication safety of combining metadoxine with
conventional  supportive treatment compared to
conventional supportive treatment alone for adult patients
with acute alcohol poisoning. The aim was to specifically
explore whether metadoxine can significantly shorten the
critical clinical recovery time (e.g., time to consciousness
recovery), improve treatment success rate, and further
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assess its impact on emergency medical resource
consumption (e.g., observation time) and the overall
safety profile.

This study has certain novelty in the following aspects:
First, in the research design, a retrospective cohort
analysis was adopted, using the complete emergency
medical record data from the past year to obtain real-
world data for 124 samples. The results of this study may
be more relevant to clinical practice than strictly
controlled exploratory trials. Second, in the evaluation
indicators, a multi-level outcome system was constructed,
including "time for consciousness recovery" and
"treatment effectiveness" as the main outcomes and also
included "time for complete symptom relief”, "emergency
observation time", "time for stable vital signs", "rate of
blood ethanol concentration decrease" and "impact on
liver  function" as  secondary indicators, to
comprehensively assess the therapeutic effect of
metadoxine, taking into account both pathophysiological
improvement and clinical process efficiency and safety.
Third, from a research perspective, it focuses on common
emergency situations in China, and the data are from a
single center. The results can provide a reference for
formulating optimized treatment plans for acute alcohol
poisoning that are adapted to the actual medical
conditions in China. This study aims to provide more
evidence that is closer to the actual clinical situation in
China for the treatment of acute alcohol poisoning,
provide a basis for clinical medication and lay the
foundation for subsequent prospective, multi-center
randomized controlled studies.

MATERIALS AND METHODS

Research subjects

This study is a single-center, retrospective cohort analysis
based on the emergency department's electronic medical
record system at The People's Hospital of Lezhi. Adult
patients who presented to the emergency department and
received treatment for acute alcohol poisoning between
January 1, 2024 and December 31, 2024 were enrolled in
this study. The medical records of patients with the main
diagnosis code of acute alcohol poisoning within this
period were continuously retrieved through the hospital
information system (HIS). All eligible patients were
naturally divided into two groups according to the actual
emergency treatment plan: the conventional treatment
group [only receiving conventional supportive treatment
(including intravenous fluid administration, monitoring,

symptomatic treatment, etc.)] and the metadoxine
treatment group (receiving intravenous infusion or
intramuscular injection of metadoxine based on

conventional supportive treatment). After PSM, each
group consisted of 62 people. See Fig. 1. This study was
reported in accordance with the "Strengthening the
Reporting of Observational Studies in Epidemiology"”
(STROBE) guideline.
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Patients with acute alcohol poisoning who visited the emergency
department from January 1st, 2024 to December 31st, 2024 (n = 186)

Exclued
Coma duc to scvere head trauma(n=14)
Cercbrovascular accident(n=7)

Included in the initial cohort (n=135)

Diabetic ketoacidosis (n=12)
[as a history of allergy to metadoxine or any of its
components (n=13)

Respiratory arrest during the visit (n=5)

Metadoxine treatment
group(n=68) group(n=67)

Conventional treatment

| |
4

1:1 propensity score matching

(clamping value = 0.02)

Matched and balanced queue (n=124)

Metadoxine treatment

gr()up(]’]:ﬁz) gI'O l.lp(l'l:62)

Conventiional treatment

Main outcome analysis
Time [or consciousness recovery
Treatment cffectivencss rate

Secondary outcomes:
Six time/laboratory/safety indicators

Subgroup analysis:
Initial blood e¢thanol
concentrations GCS score

Fig. 1: Flowchart

As a retrospective cohort study, this study conducted a
thorough review and reporting of each item according to
the 22-item STROBE checklist, covering all major
sections, including the title and abstract, introduction,
methods, results and discussion. The STROBE checklist
has been submitted as supplementary material.

Exclusion and inclusion criteria

Inclusion criteria: (LaHood and Kok (2025)): (1) Age
range from 18 to 65 years old; (2) Meet the clinical
diagnostic criteria for AAI, that is, having a clear history
of excessive alcohol consumption and presenting with
varying degrees of consciousness disorders, slurred
speech, ataxia and other symptoms of central nervous

system inhibition or excitement (Mirijello et al. (2023a)).
Consistent with the Chinese consensus on the diagnosis
and management of AAI (Zeng et al., 2023), the Glasgow
Coma Scale was introduced to distinguish between
moderate and severe intoxication, with a GCS score <8
defined as severe poisoning, providing a theoretical basis
for treatment selection; (3) Have a clear blood ethanol
concentration test result recorded at the time of
consultation or have typical clinical symptoms and be
clearly diagnosed by the emergency physician; (4) The
medical records are complete, including complete vital
sign records, medication records, laboratory test results
and disease course records.
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Exclusion criteria: (Li and Yang (2022)): (1) Include
severe traumatic brain injury, cerebrovascular accidents,
diabetic ketoacidosis and other diseases that can cause
consciousness disorders; (2) Have underlying diseases
with severe heart, liver and kidney dysfunction; (3) Be in
a critical state with respiratory and cardiac arrest or
requiring immediate tracheal intubation and mechanical
ventilation at the time of visit; (4) Have a history of
allergy to metotropine or any of its components; (5)
Pregnant or lactating women; (6) And patients with
missing or untraceable key medical information.

Observation indicators

Main outcome indicators

(1) Time for consciousness recovery: The internationally
recognized Glasgow Coma Scale (GCS), originally
introduced by Teasdale and Jennett in 1974 as a
standardized ~ method  for  assessing  impaired
consciousness (Teasdale and Jennett 1974), was used as
the core evaluation tool in this study. The GCS has since
become one of the most widely used clinical instruments
in emergency departments worldwide (Teasdale 2014).

The assessment includes three dimensions: eye opening
response (E), verbal response (V) and limb movement
response (M), with a total score ranging from 3 to 15
points (Jain et al. (2025)). The scoring is completed by
trained nurses or doctors following a standard procedure.
The time point TO was recorded (for the metadoxine
treatment group: the time of the first administration of
metadoxine; for the conventional treatment group: the
time of the start of the first targeted supportive treatment,
such as intravenous fluid administration). From TO,
standard GCS assessments were performed by the same
group of medical staff every 30 minutes and the results
were recorded. When the GCS score is > 14 points on two
consecutive assessments (with an interval of at least 30
minutes), it is considered a recovery of consciousness.
The time point at which the first GCS score > 14 is
recorded as T1. The time of consciousness recovery = T1
- TO (unit: hours). All time information is accurately
extracted from the nursing record sheets and the execution
time of medical orders in the electronic medical records.

(2) Treatment efficacy (Gliske et al. (2023); Edmunds et
al. (2025)): A comprehensive evaluation was conducted
using a composite endpoint—a methodological approach
in which two or more clinically meaningful outcomes are
combined into a single measure to assess treatment
efficacy. Composite endpoints are widely used in
emergency medicine research to capture the
multidimensional nature of treatment response (Marella et
al., 2025). For a case to be considered ‘effective’, it must
simultaneously meet the following two conditions: (a)
Significant improvement in symptoms: Within 6 hours
after the start of treatment, the main toxic symptoms (such
as confusion, severe nausea and vomiting, agitation or
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aggressive behavior) are clearly and clinically
significantly relieved; (b) No escalation of treatment:
During the emergency observation period, no treatment
escalation intervention was required due to worsening of
the condition, such as the addition of sedatives (such as
haloperidol), the initiation of respiratory support (such as
non-invasive ventilation), or transfer to the intensive care
unit (ICU). Only cases that simultaneously meet
"significant improvement in symptoms" and "no treatment
escalation" are classified as "effective". The efficacy rate
is calculated as: (Number of effective cases / Total
number of cases in the group) x 100%.

Secondary outcome indicators

(1) The time for complete symptom relief (Karila et al.
(2021)): The time point from the start of treatment (TO)
until all clinical symptoms related to acute alcohol
poisoning in the patient (including but not limited to
dizziness, nausea, vomiting, fatigue and unsteady gait)
completely disappear and the patient's self-perception
returns to the baseline daily state. This was mainly based
on the patient’s self-report records and the doctor’s
discharge assessment. When the medical record clearly
states "The patient reports no discomfort", "The
symptoms have completely resolved", or "The discharge
criteria have been met", record this time point as T2. The
time is calculated as T2 - TO.

(2) Emergency observation period: The total duration
from the time when the patient officially enters the
emergency treatment room or observation room and
begins registration (T-entry), to the time when the doctor
issues the discharge order and the patient leaves the
emergency area (T-discharge). The exact calculation is
performed by directly extracting the patient's registration
time upon entering the area and the discharge time from
the hospital information system (HIS).

(3) Incidence of adverse reactions: Record any adverse
medical events that occur from the start of medication use
until 24 hours after leaving the emergency department,
regardless of whether they are related to the study drug.
Focus on the reactions mentioned in the metadoxine
instructions or those that may theoretically occur, such as
injection site pain, rash, nausea, palpitations, dizziness,
etc. Systematically review the course of treatment
records, the nursing adverse event record sheet and the
monitoring records of vital signs after medication use.
Record and classify all discomfort symptoms mentioned.

(4) Time for stable vital signs: The duration required for
vital signs (heart rate, blood pressure) to recover and
stabilize within the predefined normal range (heart rate:
60-100 beats per minute; systolic blood pressure: 90-140
mmHg and diastolic blood pressure: 60-90 mmHg) (Sapra
et al. (2025)). Stability is defined as two consecutive
measurements (values separated by at least 30 minutes
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that fall within the aforementioned range. Review the
vital sign data automatically recorded by the monitor or
manually recorded by the nursing staff. Determine the
time point when the first stable standard is reached and
calculate the time difference from TO.

(5) Rate of blood ethanol concentration decline: Evaluate
the rate at which ethanol concentration in the blood
decreases within a unit of time, expressed in mg/(dL-h).
Obtain the initial venous blood ethanol concentration test
result of the patient upon admission (CO) and the
subsequent (if any) retest results (C1) and record the
blood sampling time T-C1. For patients who underwent at
least two blood ethanol concentration measurements
during the emergency stay (n=98, 79.0% of the cohort),
the rate of decline was calculated as (CO - C1) / (T_CI -
TO0), where CO is the initial concentration, C1 is the
follow-up concentration and T Cl - TO is the time
interval between measurements. For the remaining 26
patients (21.0%) with a single measurement, the decline
rate could not be calculated directly; these patients were
excluded from the analysis of this outcome. The
limitations of this approach are addressed in the
Discussion. (Dettling et al., 2007). If there are two or
more tests, calculate the rate of decline = (CO - C1) / (T-
C1 - TO). Blood ethanol concentration tests are conducted
using the hospital laboratory department's standard
enzymatic or gas chromatography method.

(6) Impact on liver function: Compare the changes in
serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels before and after treatment
and record the incidence of ALT or AST exceeding the
upper limit of normal (ULN) after treatment. Extract the
liver function test reports of patients at the time of their
visit (before treatment) and after treatment (usually in the
morning of the next day or before discharge). Compare
the absolute changes in enzymatic indicators (AALT,
AAST) between the two groups and the proportion of
cases with abnormal liver function (> ULN) after
treatment. All tests were conducted using standard
biochemical analyzers.

Sample size calculation

A retrospective design was adopted, and no formal
hypothesis testing or sample size calculation was
performed prior to data collection. The sample size was
naturally determined by the total number of cases that met
the inclusion and exclusion criteria during the study
period. Based on the estimated emergency department
volume over the past year, approximately 120 eligible
cases are expected. This sample size is consistent with
previous similar retrospective studies(Williams et al.
(2023)) and is considered sufficient to initially reveal the
trend of differences between groups in clinically
significant indicators and to provide reliable effect size
estimates for subsequent studies.

Statistical analysis

A descriptive analysis was conducted on all patients in the
original cohort who met the inclusion and exclusion
criteria. The measurement data of age, BMI, initial blood
ethanol concentration, time since last drinking, initial
Glasgow Coma  Scale score, respiratory rate
(times/minute), respiratory rate (number of breaths per
minute), time of consciousness recovery, time of complete
symptom relief, emergency observation time, time for
vital signs to stabilize, rate of blood ethanol concentration
decrease and liver function impact were expressed as
mean =+ standard deviation or median (interquartile range)
according to the results of normality tests (Shapiro-Wilk
test); the count data of treatment efficacy, gender,
presence of vomiting symptoms during the visit,
admission time, pre-hospital gastric lavage operation,
combined use of naloxone, history of chronic liver disease
and concurrent drug poisoning at the time of visit were
expressed as the number of cases (percentage). Subgroup
analysis was performed using one-way ANOVA. For
normally distributed data, an independent sample t-test
was used; for non-normally distributed data, a Mann-
Whitney U test was used.

Measurement data were analyzed using the chi-square test
to identify potential, unadjusted inter-group differences.
To control for selection and confounding biases in the
retrospective study, the propensity score-matching method
was employed. This approach, originally proposed by
Rosenbaum and Rubin (1983), uses the conditional
probability of treatment assignment given observed
covariates to balance baseline characteristics between
treatment and control groups in observational studies. By
matching patients on their propensity scores, the
distributions of measured covariates can be made
comparable across groups, thereby reducing bias when
estimating causal treatment effects (Rosenbaum and
Rubin, 1983).

The covariates included in the model were: age, gender,
Glasgow Coma Scale score at admission, initial blood
ethanol concentration, presence of vomiting during the
visit, heart rate and systolic blood pressure at admission.
The "nearest neighbor" matching method was used to pair
the treatment group with the conventional treatment group
in a 1:1 ratio, with replacement sampling. To ensure the
quality of the match, the threshold was set to 0.02 (i.e.,
only individuals with a propensity score difference of less
than 0.02 were matched). The matching process was
completely randomly sorted to avoid sequence bias.

To ensure matching quality, a caliper of 0.02 (equivalent
to 0.2 times the standard deviation of the propensity score
logit) was specified, which is within the commonly
recommended range of 0.1-0.25 SD (Austin, 2011). This
caliper value was empirically determined to optimize the
trade-off between balance and sample retention: a stricter
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caliper (e.g., 0.01) resulted in <70% matched pairs,
whereas a looser caliper (e.g., 0.05) left several covariates
with standardized mean differences >0.1. Balance after
matching was assessed using the absolute standardized
mean difference (SMD) for each covariate; SMD < 0.1
indicated acceptable balance. A Love plot was generated
to visualize the improvement in balance before and after
matching.In addition to propensity score matching,
multivariable regression analysis was performed on the
original cohort as a sensitivity analysis to adjust for
potential residual confounding. The same set of covariates
as used in the propensity score model was included.

RESULTS

Comparison of patient baseline characteristics

To control for inherent selection bias in retrospective
studies, a propensity score matching method was used to
match the two patient groups in a 1:1 ratio. Eventually, 62
pairs of patients achieved good matching in key baseline
characteristics, forming an evenly comparable analysis
set.

The results (Table 1 and Fig. 2) showed that, after
propensity score matching, except for the item "co-
morbidity with other drug poisoning at the time of visit",
which had a low overall incidence rate and was already
nearly balanced between the two groups, the absolute
values of the standardized mean differences for all
baseline covariates were successfully reduced to below
0.1. This indicates that the 124 matched patients (62 in
each group) achieved high comparability in demographic
characteristics, severity of poisoning, time of wvisit,
previous health status and some initial treatment measures
(p < 0.05), laying a solid foundation for the subsequent
accurate assessment of the independent efficacy effect of
metadoxine.

Primary outcome

Time for consciousness recovery

Regarding the main outcome (Table 2), the metadoxine
group showed a significant advantage. The recovery time
to consciousness in this group was shortened by 2.6 hours
compared with the conventional treatment group (3.05
hours vs. 5.65 hours), and the difference was highly
statistically significant (p < 0.001).

Treatment effectiveness rate

In terms of the overall treatment efficacy (Table 3), the
treatment efficacy rate of the metadoxine treatment group
was 93.5%, significantly higher than that of the
conventional treatment group (77.4%) (p = 0.011).

Secondary outcomes
The outcome of time
In the secondary outcome related to the treatment effect
(Table 4), the metadoxine treatment group also performed
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exceptionally well. Compared with the conventional
treatment group, the median duration of complete
symptom relief was reduced by 2.66 hours, the duration
of emergency observation by 2.62 hours and the duration
of stable vital signs by 1.03 hours. All differences were
statistically highly significant (all p < 0.001).

Safety outcome

Among the 98 patients (79.0% of the cohort) with at least
two blood ethanol measurements (Table 5), the rate of
blood ethanol concentration decline was significantly
faster in the metadoxine group than in the conventional
group (36.83 + 5.63 vs. 28.32 + 5.24 mg/(dL-h), mean
difference = 8.51 mg/(dL-h), 95% CI: 6.58 to 10.44, p <
0.001). No statistically significant differences were
observed between the two groups in the incidence of post-
treatment ALT elevation (12.90% vs. 16.13%, p = 0.610)
or the overall incidence of adverse reactions (9.68% vs.
6.45%, p = 0.510). All reported adverse events were mild
and transient.

Subgroup analysis

The treatment-covariate interaction analysis further
revealed (Table 6) that the initial Glasgow Coma Scale
score was an effective modifier of the therapeutic
response to metadoxine (interaction p-value = 0.037). In
the subgroup of moderate to severe consciousness
disorders with an initial GCS score < 12, the effect of
metadoxine in shortening the recovery time of
consciousness was significantly greater than that in the
subgroup with a mild disorder (GCS > 12). The analysis
results combined with the initial blood ethanol
concentration suggested that the awakening efficacy of
metadoxine might be more advantageous in the patient
population with a more severe baseline poisoning degree.

Sensitivity analysis for propensity score matching
robustness

To assess whether the primary findings were sensitive to
the specific PSM method used, two additional analytical
approaches were applied to the original unmatched cohort
(n=124). First, multivariable regression models were
fitted with the propensity score included as a continuous
covariate. Second, inverse probability of treatment
weighting (IPTW) using the propensity score was
performed. The results of these sensitivity analyses (Table
7) consistently showed that metadoxine treatment
remained significantly associated with shorter time to
consciousness recovery (adjusted f ranging from -2.49 to
-2.55, all p<0.001) and higher treatment efficacy rate
(adjusted OR ranging from 3.88 to 4.21, all p<0.05), with
effect estimates highly similar to those from the primary
PSM analysis.
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Table 1: Baseline characteristics of patients after propensity score matching.

Characteristic Metadoxine Conventional SMD SMD
group (n=62) group (n=62) (post-match)  (pre-match)
Age (years), mean = SD 40.52 + 8.75 41.26 + 8.24 0.09 0.21
Male, n (%) 53 (85.48) 55 (88.71) 0.10 0.08
BMI (kg/m?), mean + SD 24.13 £3.52 23.94+£2.85 0.06 0.12
imst]l;ll blood ethanol concentration (mg/dL), mean 27850 £ 51.50 271.50 « 52.48 0.13 0.28
Initial glasgow coma scale score, mean + SD 10.50 £ 4.79 10.50 £ 4.53 0.00 0.15
Time since last drink (hours), mean + SD 1.99+0.84 2.12+0.73 0.16 0.32
Vomiting at presentation, n (%) 35 (56.45) 33 (53.23) 0.06 0.19
Respiratory rate (breaths/min), mean + SD 17.77+3.48 18.50+4.22 0.19 0.24
Admission time (night shift), n (%) 29 (46.77) 31 (50.00) 0.06 0.24
Pre-hospital gastric lavage, n (%) 6 (9.68) 5(8.06) 0.06 0.31
Concurrent naloxone use, n (%) 11(17.74) 10 (16.13) 0.04 0.30
History of chronic liver disease, n (%) 5 (8.06) 4 (6.45) 0.06 0.03
Concurrent other drug poisoning, n (%) 3(4.84) 2 (3.23) 0.08 0.12

Note: SD, standard deviation; SMD, standardized mean difference.Pre-match SMD values were calculated from the
original cohort (n=124) before propensity score matching. Post-match SMD values were calculated from the matched
cohort (n=124). An absolute SMD <0.1 indicates acceptable balance between groups. After matching, all SMD values
were below 0.2, and the majority were below 0.1, indicating that the two groups were well-balanced on all measured
covariates.

Ager li °
Male ° +
BMI] m e
Initial ethanol; i u °
GCSH | E °
§ Time since last drink i | °
'g Vomiting | E °
8 Respiratory rate i [ °
Admission night ] i °
Pre-hospital gastric lavage1 L i °
Naloxone usef O e Before matching
Chronic liver diseasef o =u i m  After matching
Other poisoning: . ' ————— Threshold |SMD| = 0.1
0.0 0.1 0.2 0.3 0.4

Standardized Mean Difference (SMD)
Fig. 2: Love plot of standardized mean differences

These findings confirm that the observed treatment effects ~ Multivariate regression analysis

were robust to different methods of adjusting for  To further control for potential residual confounding and

confounding. to verify the robustness of the propensity score-matching
results, this study conducted a multivariate regression
analysis within the original unmatched cohort (n = 124).
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Table 2: Primary outcomes (matched cohort, n=124).
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Metadoxine Conventional . o
Outcome aroup (n=62) _group (n=62) Effect size (95% CI) P value
Time to consciousness recovery (hours), 3.05+ 145 5654158 MD = -2.60 (-3.14, -2.06) <0.001
mean + SD . . . . . 14, -2. .
Treatment effectiveness rate, n (%) 58 (93.5) 48 (77.4) OR =4.04 (1.30, 12.56) 0.011

Note: Group A is the metadoxine treatment group. Group B is the conventional treatment .MD, mean difference; OR,

odds ratio; CI, confidence interval.

Table 3: Treatment effectiveness rate in two groups (matched cohort, n=124).

Metadoxine
Parameter

Conventional

Effect size (95% CI) p value

X2

group (n=62)

group (n=62)

Effective cases, n (%) 58 (93.55)

48 (77.42) OR =4.04 (1.30,12.56)  6.499 0.011

Note: Group A is the metadoxine treatment group. Group B is the conventional treatment .Data are based on the
propensity score-matched cohort.

Table 4: Secondary time-related outcomes (matched cohort, n=124).

Metadoxine Conventional

1 0,
Outcome aroup (n=62)  group (n=62) Effect size (95% CI) P value
Time to complete symptom relief (hours), 535, | 65 g012126  MD=-2.66(-3.18,-2.14) <0.001
mean + SD
lggergency observation stay (hours), mean £ 15, 43 3154051  MD=-1.03 (-1.19,-0.87) <0.001
Il;n];: to vital sign stabilization (hours), mean 6.62+ 114 9244114 MD = -2.62 (-3.04, -

Note: Group A is the metadoxine treatment group. Group B is the conventional treatment.

Table 5: Comparison of secondary outcome measures (Laboratory and Safety) (Matched Cohort).

Parameters Group A Group B Test 95CI% Effect t F p-
(n=62) (n=62) Lower Upper size value

Rate of decrease 36.83 £5.63 28.32+524 Ttest 6.576  10.444 8713 0.750 <.001

in blood ethanol

concentration

[mg/(dL-h)]

ALT > upper limit 8 (12.90) 10 (16.13) Chi-squared 0.046 0.260 0.610

of normal range

following

treatment

Stable time of 6 (9.68) 4 (6.45) Chi-squared 0.059 0.435 0.510

vital signs (hours)

Note: Group A is the metadoxine treatment group. Group B is the conventional treatment. Analysis of the decline rate
of blood ethanol concentration was performed for 98 patients (79.0% of the matched cohort) with at least two
measurements. The remaining 26 patients with a single measurement were excluded from this specific analysis.

As shown in Table 8, after adjusting for age, gender,
initial blood ethanol concentration, initial Glasgow Coma
Scale score, whether vomiting occurred at the time of
visit, heart rate at admission and systolic blood pressure at
admission, metadoxine treatment was significantly
associated with a shorter time to consciousness recovery
(adjusted B = -2.48, 95% confidence interval: -3.05 to -
1.91, p < 0.001). Additionally, metadoxine treatment was
significantly associated with increased treatment efficacy

(adjusted odds ratio [OR] 3.92; 95% confidence
interval, 1.26 to 12.18; p = 0.018). These effect estimates
are highly consistent with the results observed in the main
analysis (propensity score matching) (B = -2.51, OR =
4.04), with an effect size difference of less than 5%,
indicating that the residual confounding had a negligible
impact on the study conclusions, further confirming the
robustness of the efficacy of metadoxine.
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Table 6: Subgroup analysis (time to regain consciousness, hours).

Parameters Group A (n=62)  Group B (n=62) Test Z/F p -value
Based on the initial GCS 4.465 0.037
score (score) >12 points (n=48)  2.90 (1.45,4.16) 5.33 (4.91,6.18) -5.803 <001
<12 points (n=76)  3.17 (2.19,4.17)  5.81(4.57,7.10) -4.578 <001
Observation time in the 1.011 0.317
emergency department <300 mg/dL 3.10 (1.59,4.39) 6.00 (4.91,6.18) -5.727  <.001
(hours) > 300 mg/dL 3.02 (2.22,4.09)  5.46 (4.56,6.66) -4.520  <.001
Note: Group A is the metadoxine treatment group. Group B is the conventional treatment.
Table 7: Sensitivity analysis of the robustness of propensity score Matching.
Analysis method Outcome indicators Effect estimate (5% Statlspcal p-value
confidence interval) quantity
Propensity score
adjustment method
Time to regain consciousness (hours) [ =-2.51(-3.08,-1.94) t=-8.62 <0.001
Treatment effectiveness rate OR=3.95(1.28,12.19) *=5.81 0.016
Inverse probability
weighting method (IPTW)
Time to regain consciousness (hours) p=-2.54(-3.12,-1.96) z=-8.55 <0.001
Treatment effectiveness rate OR =4.08 (1.32,12.63) ¥*=6.02 0.014

Notes: CI, Confidence Interval; OR, Odds Ratio; IPTW, Inverse Probability Weighting. Propensity Score Adjustment
Method: In the original unmatched cohort (n = 124), the propensity score was included as a covariate in the multivariate
linear regression (for time to consciousness recovery) or multivariate logistic regression (for treatment efficacy) models
to adjust for it. IPTW Method: The inverse probability weights were calculated using the propensity score and the
original cohort was weighted for regression analysis. The results of both sensitivity analyses were highly consistent with
the main analysis (the results after propensity score matching; see Table 2 and Table 3), with effect estimates differing
by less than 5% and all P-values < 0.05, indicating that the main analysis results are robust.

Table 8: Multivariable regression analysis for primary outcomes (original cohort, n=124).

Outcome Adjusted effect estimate 95% CI Test statistic p value
Time to consciousness recovery (hours)  p=-2.48 (-3.05,-1.91) t=-8.45 <0.001
Treatment effectiveness rate OR =3.92 (1.26, 12.18) > =5.76 0.018

Note: CI, confidence interval; OR, odds ratio. Models were adjusted for age, sex, initial blood ethanol concentration,
initial Glasgow Coma Scale score, presence of vomiting at presentation, admission heart rate and admission systolic
blood pressure. The multivariable linear regression was used for time to consciousness and multivariable logistic

regression was used for treatment effectiveness rate.

DISCUSSION

This single-center retrospective cohort study evaluated the
efficacy and safety of metadoxine in patients with AAI
After propensity score matching (Table 1), metadoxine
treatment  significantly  shortened the time to
consciousness recovery (3.05 vs. 5.65 hours, p<0.001,
Table 2) and increased the treatment efficacy rate (93.5%
vs. 77.4%, p=0.011, Table 3) compared with conventional
supportive therapy alone. Secondary outcomes, including
complete symptom relief time (5.35 vs. 8.01 hours),
emergency observation stay (2.12 vs. 3.15 hours), vital
sign stabilization time (6.62 vs. 9.24 hours) and blood
ethanol decline rate (36.83 vs. 28.32 mg/(dL-h)), were
also significantly improved in the metadoxine group
(Table 4 and Table 5). No significant differences in

adverse reaction rates (9.68% vs. 6.45%, p=0.510) or
post-treatment liver enzyme abnormalities (12.90% vs.
16.13%, p=0.610) were observed between the two groups
(Table 5). These findings provide contemporary real-
world evidence supporting the use of metadoxine for AAI
in the Chinese emergency setting. Subgroup analysis
(Table 6) revealed that the efficacy of metadoxine was
significantly modified by baseline neurological status: the
reduction in time to consciousness recovery was greater in
patients with an initial Glasgow Coma Scale (GCS) score
<12 (moderate-to-severe impairment) than in those with
GCS >12 (mild impairment), as indicated by a significant
interaction term (p=0.037). This finding suggests that
metadoxine may offer greater absolute benefits in patients
with more severe neurological depression.
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When placed in the context of existing literature, the
magnitude of consciousness recovery acceleration
observed in this study (a reduction of approximately 2.6
hours) is consistent with several earlier reports. In a
double-blind, randomized, placebo-controlled trial,
intravenous metadoxine significantly reduced the median
time to recovery from 2.34 hours to 0.95 hours (Shpilenya
et al, 2002). An open-label study reported that
metadoxine combined with standard therapy improved
clinical signs and accelerated alcohol clearance compared
with standard therapy alone (Diaz Martinez et al., 2002).
A more recent review concluded that existing evidence
supports a positive effect of metadoxine on
neuropsychiatric status in patients with alcohol
intoxication (Di Miceli and Gronier (2018)). However,
differences in study design, patient selection and control
interventions across these studies have led to some
variability in the reported effect sizes. The present study
adds to this body of evidence by providing data from a
larger matched cohort (124 patients) and by applying
rigorous propensity score matching to minimize
confounding.

Regarding the mechanism of action, the observed
acceleration of blood ethanol decline in the metadoxine
group (Table 5) supports the pharmacokinetic hypothesis
that metadoxine enhances ethanol metabolism. It has been
proposed that metadoxine, a complex of pyridoxine and
pyrrolidone carboxylate, increases the activity of ADH
and aldehyde dehydrogenase, thereby accelerating the
clearance of ethanol and its toxic metabolite acetaldehyde
(D’Angelo et al. (2022); Lehner et al. (2024)). A recent
pharmacokinetic study in healthy volunteers also
confirmed that metadoxine can accelerate the decline of
blood ethanol concentration (Mackowiak et al. (2025)).
The present study reproduces this biochemical effect in a
real-world emergency population, thereby linking the
mechanistic pathway to a clinically meaningful endpoint.
Nevertheless, the fact that the acceleration of blood
ethanol clearance did not translate into a significant
interaction when patients were stratified by initial blood
ethanol concentration (p=0.317, Table 6) suggests that the
relationship between ethanol load and neurological
recovery is not linear. This may reflect the complex
pathophysiology of AAI, in which the depth of central
nervous system depression depends not only on ethanol
concentration but also on individual susceptibility, the
accumulation of acetaldehyde and time-dependent
adaptive processes (Liu et al. (2020); Montgomery et al.
(2024)).Therefore, the clinical benefit of metadoxine may
arise from multi-target actions, including direct
neuroprotective effects mediated by its pyridoxine
component (Li et al. (2024)) and cellular protection via
the pyrrolidone carboxylate moiety (Poyraz et al. (2023)).

The most novel finding of the present study is the
significant effect modification by baseline GCS score

Yong Ni et al.

(interaction p=0.037, Table 6). This indicates that
metadoxine confers a larger absolute reduction in time to
consciousness recovery in patients with moderate-to-
severe impairment (GCS <12) than in those with mild
impairment (GCS >12). A similar trend has been observed
in a previous study, which noted that metadoxine
appeared to be more effective in patients with moderate
alcohol intoxication (Edlow et al. (2021). However, the
present study is, to our knowledge, the first to formally
test this interaction using a prespecified subgroup analysis
in the context of AAI. From a clinical perspective,
patients with GCS <12 are in a deeper state of sedation
and have a slower natural recovery trajectory under
conventional supportive care. An active intervention, such
as metadoxine, may therefore yield a larger absolute
benefit in this subgroup. From a pharmacological
standpoint, deeper central inhibition may require not only
toxin removal but also enhancement of neurotransmitter
synthesis and cellular energy metabolism, mechanisms
that metadoxine's multi-targeted actions could address.
Notably, when patients were stratified by initial blood
ethanol concentration (=300 vs. <300 mg/dL), the
interaction was not statistically significant (p=0.317,
Table 6). This dissociation suggests that clinical
neurological status (GCS) may be a more sensitive
predictor of treatment response than the biochemical
measure of ethanol load, possibly because GCS directly
reflects the functional impact of ethanol on the
brain(Bratberg ef al. (2025).

The safety profile observed in this study is reassuring.
The overall incidence of adverse reactions was low
(9.68% in the metadoxine group vs. 6.45% in the
conventional group, p=0.510, Table 5) and all reported
events were mild and transient. No significant difference
in post-treatment liver enzyme elevation was found
between the two groups (12.90% vs. 16.13%, p=0.610,
Table 5). These findings are consistent with the global
safety experience with metadoxine, which has been
reported to have a favorable tolerability profile with rare
severe adverse events (Jorg et al. (2020); Ayares et al.
(2022)).In the setting of AAI, where patients may have an
impaired airway protective reflex, a wide safety margin is
particularly important (Conzelmann et al. (2021); Sarkar
et al. (2023b)). The present study confirms the short-term
safety of metadoxine in a Chinese emergency population.

Several limitations should be acknowledged. First, the
retrospective design is inherently subject to selection bias
and unmeasured confounding. Although propensity score
matching was used to balance observed covariates (Table
1), factors such as individual alcohol metabolism gene
polymorphisms (e.g., ADHIB, ALDH2) and prior
drinking habits could not be accounted for. Second, this
was a single-center study, which may limit the
generalizability of the findings to other settings with
different patient populations or treatment protocols. Third,
the assessment of time to consciousness recovery,
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although standardized using the GCS, may still be subject
to inter-observer variability. Fourth, the follow-up period
was limited to the emergency department stay; long-term
outcomes such as the risk of subsequent alcohol
dependence or alcohol-related liver disease were not
evaluated. Fifth, the sample size, although sufficient to
detect the primary outcomes, may have limited statistical
power for certain subgroup analyses. Finally, as an
exploratory analysis, the interaction finding (p=0.037)
should be interpreted with caution and requires
confirmation in prospective, hypothesis-driven studies.

Despite these limitations, the present study has several
strengths. The use of propensity score matching created
well-balanced comparison groups, reducing the impact of
baseline confounding. The comprehensive set of outcome
measures included both clinical (GCS, symptom relief)
and laboratory (blood ethanol, liver enzymes) endpoints,
allowing a multifaceted evaluation of efficacy and safety.
The subgroup analysis was performed using a formal
interaction test, which is the appropriate method for
assessing effect modification. Moreover, this study
addresses a current gap in the literature by providing
contemporary real-world data from a Chinese emergency
setting, where high-quality evidence on metadoxine for
AAI has been lacking.

In conclusion, this retrospective cohort study provides
real-world evidence that metadoxine, when added to
conventional supportive therapy, significantly accelerates
recovery of consciousness and improves clinical
outcomes in patients with AAI, without increasing the risk
of adverse events. The efficacy of metadoxine appears to
be more pronounced in patients with moderate-to-severe
neurological impairment (GCS <12), as indicated by a
significant interaction (p=0.037). These findings support
the use of metadoxine as an effective adjunctive treatment
for AAI, particularly in patients with a lower GCS score.
Prospective, multicenter, randomized controlled trials are
warranted to confirm these findings and to further explore
the biological basis of the observed heterogeneity in
treatment response.

Limitations

While acknowledging the limitations of the retrospective
design and single-center sample of this study, it must also
be recognized how these limitations can guide future
research. Firstly, as an exploratory analysis, the findings
of the interaction analysis require pre-set and verified in
prospective studies. Future randomized controlled trials
should be specifically designed to use the GCS score as a
stratification factor and to recruit a sufficient number of
moderate-to-severe patients to confirm this heterogeneity
in efficacy. Secondly, this study failed to examine the
biological basis of heterogeneity in efficacy. For instance,
could the polymorphisms of certain alcohol metabolism-
related genes (such as ADHIB, ALDH2) affect the

response of patients to metadoxine? The differences in
acetaldehyde accumulation caused by different genotypes
and whether they interact with the effect of metadoxine,
are all worthy of in-depth exploration as precise medical
issues. Additionally, beyond the recovery time to
consciousness, future research endpoints can be more
diverse, including more detailed neurocognitive function
assessments, the incidence of delirium, and patient
satisfaction, which are patient-centered outcomes. From a
broader perspective, the application of metadoxine can be
evaluated for its impact on bed turnover rate in the
emergency department and overall medical costs, thereby
completing the evidence chain from biomedical efficacy
to health system benefits. Fourth, although propensity
score matching and supplementary multivariable
regression were performed to control for confounding, the
possibility of residual confounding by unmeasured factors
(e.g., genetic polymorphisms in alcohol metabolism,
detailed drinking history) cannot be entirely excluded.

Fifth, the multiple secondary outcomes were analyzed
without formal adjustment for multiplicity; however, the
primary conclusions remained unchanged after applying
Bonferroni correction for the secondary endpoints. Sixth,
the analysis of the decline rate in blood ethanol
concentration was limited to 98 patients (79.0% of the
cohort) who had at least 2 measurements during their
emergency stay. The remaining 21.0% of patients had
only a single measurement and were excluded from this
specific analysis because a reliable decline rate could not
be calculated. While this exclusion may introduce some
selection bias, the proportion of excluded patients was
similar between the two groups (metadoxine: 13/62,
21.0%; conventional: 13/62, 21.0%; p = 1.000) and the
baseline characteristics of included versus excluded
patients were not significantly different (data not shown).
Nevertheless, the findings on ethanol clearance should be
interpreted with this limitation in mind. Future
prospective studies should standardize the timing of
follow-up blood sampling to enable more accurate
pharmacokinetic assessments. Seventh, the assessment of
safety in this study has important limitations. The sample
size (n=124, with 62 patients per group) provides
sufficient power to detect common adverse reactions (e.g.,
those occurring in >5% of patients) but is inadequate to
detect rare events (e.g., incidence <1%) or to rule out
uncommon but serious adverse reactions. Additionally,
the follow-up period was limited to the emergency
department stay (<24 hours), which precludes evaluation
of delayed adverse reactions or long-term safety outcomes
such as drug-induced liver injury or neurotoxicity.
Therefore, our safety findings should be interpreted as
preliminary evidence of short-term tolerability rather than
definitive proof of overall safety. Larger, prospective
studies with extended follow-up are needed to
characterize the safety profile of metadoxine in AAI
comprehensively.
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CONCLUSION

In this retrospective cohort study of patients with AAI,
treatment with metadoxine significantly shortened the
time to consciousness recovery and increased the
treatment efficacy rate compared with conventional
supportive therapy alone. Secondary outcomes, including
time to symptom relief, emergency observation stay, vital
sign stabilization, and blood ethanol clearance, were also
significantly improved in the metadoxine group. No
significant increase in adverse reactions or liver enzyme
abnormalities was observed.

Subgroup analysis revealed that the benefit of metadoxine
was more pronounced in patients with moderate-to-severe
consciousness impairment (initial Glasgow Coma Scale
score <12), as indicated by a significant interaction
between treatment and subgroup. This finding suggests
that baseline neurological status may help identify
patients most likely to benefit from metadoxine. These
results provide real-world evidence supporting the use of
metadoxine as an effective and safe adjunctive treatment
for AAI, particularly in patients with more severe
neurological depression at presentation. Prospective,
multicenter, randomized controlled trials are warranted to
confirm these findings.
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