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Abstract: Malnutrition has been reported in alcohol use disorder patients as having a possible
influence on cognitive function. The aim of this study was to analyse the prevalence of ascorbic acid
(AA) deficiency in inpatients admitted for alcohol detoxification and the associated factors, including
cognitive impairment in the early period of abstinence. A retrospective chart review was conducted.
The AA level was categorised into three groups: deficiency (AAD) (<2 mg/L), insufficiency (AAI)
(2–5 mg/L) and normal level. The cognitive impairment was screened using the Montreal Cognitive
Assessment (MoCA). Ninety-six patients were included (74 men; mean age 49.1 years (±11.5)).
Twenty-seven AAD (28.1%) and twenty-two AAI (22.9%) were observed. In multivariate analysis,
risk factors for AAD versus normal AA level were men (OR 17.8, 95%CI (1.63–194)), compensated
cirrhosis (OR 9.35, 95%CI (1.60–54.6)) and street homelessness (OR 5.76, 95%CI (1.24–26.8) versus
personal housing). The MoCA score was available for 53 patients (mean MoCA score: 25.7 (±3.3)).
In multivariate analysis, the natural logarithm of AA (β = 1.18, p = 0.037) and sedative use disorder
(β = −2.77, p = 0.046) were associated with the MoCA score. AAD and AAI are frequent in inpatients
admitted for alcohol detoxification. A low level of AA was associated with cognitive impairment in
the early period of abstinence.

Keywords: ascorbic acid; cognitive impairment; alcohol use disorder; malnutrition; central nervous
system; sedative use disorder; liver cirrhosis; homeless persons; HIV

1. Introduction

Malnutrition contributes to acute alcohol-related cognitive impairment in patients with
alcohol use disorder (AUD) through several mechanisms, not limited to thiamine deficiency
or thiamine dysmetabolism [1–3]. Those acute cognitive impairments relate to several
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functions (episodic memory and executive functions) and are observed immediately after
alcohol withdrawal, early in abstinence. They are most often transient and usually decrease
under appropriate treatment (healthy nutrition, alcohol abstinence and neuropsychological
training) [3–5] within days or weeks. The relevance of nutritional support in the care of
patients with AUD undergoing detoxification is not only intended for the prevention of
Wernicke encephalopathy and Korsakoff syndrome. Nutritional support also aims at taking
care of the highly prevalent malnutrition observed in this specific population [6] due to
altered intakes and variable alterations of nutrient metabolism in AUD patients [7].

Each nutrient deficiency has a different prevalence [1,8]. Regarding ascorbic acid
deficiency (AAD), a high prevalence was observed in patients admitted for alcohol detoxi-
fication, between 7.5% and 57.4% [1,9–11]. Those rates are higher than in the general adult
population, where it is estimated at 8.4% [12,13]. However, uncertainties remain about
the real prevalence due to heterogeneity in these studies’ design, including small sample
size [8,10] or specific settings such as intensive care units [11]. This high prevalence of AA
deficiency in patients with AUD may play an important role in the vulnerability of those
patients to several pathophysiological processes, as the antioxidant roles of Vitamin C were
shown to be protective in cardiovascular diseases, infectious diseases or cancer [14,15].
Additionally, its effect is discussed in cognitive impairment in elderly populations or in
patients with neurodegenerative diseases [16–19]. Because ascorbic acid (AA)’s cognitive
protective role could be mediated by its demonstrated effect to attenuate the excitotoxicity
of glutamate [19–21], which is involved in alcohol withdrawal [3], the impact of AAD
could be more pronounced in patients with AUD. In the general population, risk fac-
tors for AAD and insufficiency (AAI) were identified. The rate is higher in hospitalised
patients [22,23], men [12,13,22,24], current tobacco smokers [12,13,22,24], deprived per-
sons [12,22,24] and the homeless [25]. However, the specific risk factors in AUD patients
have never been studied.

This is why we thought that it was of specific interest to search for AAD in patients
entering alcohol detoxification programs because they have both a high prevalence of AAD
risk factors and a specific vulnerability to cognitive impairment.

The aims of this pilot study were: (1) to describe the prevalence and risk factors
of AAD and AAI in inpatients admitted for alcohol detoxification; (2) to analyse the
association of AA level with acute cognitive impairment in the immediate follow-up to
alcohol withdrawal, as measured by the Montreal Cognitive Assessment (MoCA).

2. Materials and Methods
2.1. Subjects and Sampling Procedure

A retrospective chart review of consecutive inpatients admitted for medically moni-
tored alcohol detoxification was conducted in the department of addiction medicine of a
Parisian university hospital between January and mid-March 2020. The inclusion criteria
were: diagnosis with AUD according to DSM-5 criteria [26], the initiation of an inpatient
program for alcohol detoxification and having a blood AA level assessment. The exclusion
criteria were: having been received from another inpatient unit, having been hospitalised
in the previous 3 months (considering that possible malnutrition would have been treated),
having a previous prescription for AA before admission, having a decompensated cirrhosis
(Child–Pugh class B or C [27]) and presenting active neoplasia or sepsis. No minimum
daily alcohol consumption threshold was set for inclusion once the patient presented an
AUD and a criterion for in-hospital detoxification.

2.2. Assessment

Patients underwent a blood sampling at the entry to assess the nutritional status
(AA, vitamins D (25-hydroxycholecalciferol), B9 (folate) and B12 (cobalamin), albumin and
prealbumin). All vitamins and nutrient levels were measured by automated immunoassay,
except AA, by a fully validated UV high-performance liquid chromatography method.
AA was sampled in the morning, after fasting and the first day after admission using
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a lithium/heparin-coated tube. After sampling, the AA aliquot was immediately pro-
tected from light and refrigerated for transport. AAD was defined as <2 mg/L, AAI as
2–4.99 mg/L and normal level as ≥5.0 mg/L [22,28]. Thiamine dosage and oxidative stress
status measures were not available because they were not performed in routine care.

Socio-demographic factors were collected, such as age, sex, housing, socio-professional
category according to the French National Institute of Statistics and Economic Studies
(INSEE) classification, and educational attainment. Substance use disorders were classified
according to DSM-5 criteria [26].

The MoCA (range 0–30) is the most common cognitive test used to screen acute alcohol-
related cognitive impairment in the immediate aftermath of alcohol withdrawal [3,29].
The assessment was carried out among native French speakers between days 10 and 13 of
hospitalisation, as recommended after alcohol withdrawal was completed [30]. We used
the French version of the MoCA. MoCA was performed even in the case of concurrent
sedative (benzodiazepine or Z-drug) use disorder, despite the continued use of a sedative.
In patients without sedative use disorder, the benzodiazepines used during monitored
alcohol withdrawal were stopped for at least 48 h. MoCA score multivariate analysis is
controlled for this sedative use disorder.

2.3. Nutritional Management

Hospitalised patients had access to nutritional care supervised by a nutritionist.
They were offered balanced nutrition and therapeutic education groups. In the case
of deficiency of vitamins D, B9 or B12, or protein deficiency, supplementation was in-
troduced in the early days of hospitalisation. The result of the AA measurement in our
hospital required more time and was not available before the completion of the MoCA;
thus, supplementation, if required, was delayed.

2.4. Statistical Analysis
2.4.1. Factors Associated with Ascorbic Acid Deficiency and Insufficiency

In univariate analysis, the AA categories were analysed with Fischer or Chi-square
tests for categorical variables and, for continuous variables, the Kruskal–Wallis test or
ANOVA. A multivariate analysis was performed with multinomial regression to identify
independent factors associated with AAD or AAI, including factors associated with a
p-value ≤ 0.05 at the univariate analysis step.

2.4.2. Factors Associated with MoCA Score

We chose to test the association between MoCA scores and the continuous AA levels
in this specific population rather than the scurvy diagnosis thresholds for AAD [22,28].
Indeed, there are no data showing that the plasmatic levels of scurvy-defining AAD
threshold are applicable when trying to measure a cognitive impact. For this, we used
a polynomial regression after observing that the conditions for the validity of the linear
model were not satisfied. We also conducted a multivariate analysis to predict MoCA
scores with the AA level and other clinical and biological factors selected by univariate
analyses with a level for entry at p ≤ 0.05 (Mann–Whitney–Wilcoxon and Kruskal–Wallis
tests for categorical variables and linear or polynomial regression for continuous variables
as appropriate). Age, sex, sedative use disorder and cannabis use disorder were forced
in the model in order to adjust for those published confounders. A sensitivity analysis of
MoCA scores between the AA categories was conducted by a Kruskal–Wallis test.

All statistical analyses were performed with R software version 3.2.

2.5. Ethics

The study was conducted following French laws on biomedical research (Loi Jardé
2014, décrets d’application 2017) and in adherence to the Declaration of Helsinki. The Com-
mission Nationale Informatique et Liberté (CNIL, French National Board for Information
Systems and Freedom) delivered a specific authorisation to our hospital (Number 2017–013)
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for the analysis of data collected during routine care. Patients were informed and could
oppose the use of their anonymised routine health care data for research purposes.

3. Results
3.1. Characteristics of Subjects

One hundred and seventy-two inpatients were screened. Ninety-six patients were in-
cluded, of which seventy-four were men (77.1%). The mean age was 49.1 years (SD ± 11.5),
with a range of 24–79 years. The mean alcohol intake per day was 225 g (±130). Seventy-
three patients (79.2%) were current smokers and 12 (12.5%) former smokers. Seventeen
patients (17.7%) were street homeless, and sixteen (16.7%) were sheltered homeless. Eight
patients (8.3%) were asymptomatic people living with HIV. The subjects’ characteristics are
presented in Table 1. The flow chart is shown in Supplementary Materials Figure S1.

Table 1. Subjects’ characteristics (n = 96).

All Patients Subsample with Available
MoCA (n = 53)(n = 96)

Sex
Women 22 (22.9%) 12 (22.6%)

Men 74 (77.1%) 41 (77.4%)

Age (years) Mean (SD) 49.1 (±11.5) 50.2 (±11.2)
Min–Max 24–79 29–79

Body mass index (kg/m2) (n = 91)
<21.0 19 (20.7%) 10 (19.2%)

21.0–24.99 43 (46.7%) 27 (51.9%)
≥25.0 30 (32.6%) 15 (28.8%)

Housing
Private home 63 (65.6%) 39 (73.6%)

Homeless in a shelter 16 (16.7%) 9 (17.0%)
Street homelessness 17 (17.7%) 5 (9.4%)

Educational attainment
(n = 94)

≥Bachelor’s degree 28 (29.8%) 25 (47.2%)
High school degree 23 (24.5%) 11 (20.8%)

<High school degree 43 (45.7%) 17 (32.1%)

Socio-professional
category *

Higher 24 (25.0%) 18 (34.0%)
Intermediate 12 (12.5%) 9 (17.0%)

Lower 60 (62.5%) 26 (49.0%)

Type of admission Planned 77 (80.2%) 46 (86.8%)
Via the Emergency

Department 19 (19.8%) 7 (13.2%)

Alcohol intake per day (grams) (n = 95) Mean (SD) 225 (±130) 212 (±108)
Min–Max 20–600 64–550

Tobacco use
Current smoker 76 (79.2%) 42 (79.2%)
Former smoker 12 (12.5%) 7 (13.2%)

Non-smoker 8 (8.3%) 4 (7.5%)

Cigarettes per day (n = 93) Mean (SD) 15.0 (±12.7) 16.1 (±13.8)

Number of tobacco pack years (n = 84) Mean (SD) 31.4 (±17.9) 32.1 (±15.9)

Number of years of tobacco
smoking (n = 88) Mean (SD) 28.6 (±13.5) 30.4 (±13.1)

Cirrhosis
Compensated 13 (13.5%) 9 (17.0%)
No cirrhosis 83 (86.5%) 44 (83.0%)

HIV status
Yes 8 (8.3%) 5 (9.4%)
No 88 (91.7%) 48 (90.6%)

Hypertension Yes 11 (11.5%) 8 (15.1%)
No 85 (88.5%) 45 (85.9%)
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Table 1. Cont.

All Patients Subsample with Available
MoCA (n = 53)(n = 96)

Cannabis use disorder **
Yes 20 (20.8%) 12 (22.6%)
No 76 (79.2%) 41 (77.4%)

Sedative use disorder **
Yes 12 (12.5%) 6 (11.3%)
No 84 (87.5%) 47 (88.7%)

Cocaine use disorder **
Yes 13 (13.5%) 4 (7.5%)
No 83 (86.5%) 49 (92.5%)

Opiate use disorder **
Active 2 (2.1%) 0 (0%)

Opioid maintenance
treatment 10 (10.4%) 3 (5.7%)

No 84 (87.5%) 50 (94.7%)

Psychiatric comorbidity Bipolar disorder 4 (4.2%) 2 (3.8%)
Schizophrenia 2 (2.1%) 1 (1.9%)

Selective serotonin reuptake
inhibitor current use

Yes 33 (34.4%) 24 (45.3%)
No 63 (65.6%) 29 (54.7%)

* Socio-professional category according to INSEE classification. ** Substance use disorder according to DSM-5 criteria.

3.2. Prevalence of Ascorbic Acid Deficiency and Insufficiency

Twenty-seven patients presented with AAD (28.1%), 22 with AAI (22.9%) and 47 had
a normal AA level (49.0%).

3.3. Factors Associated with Ascorbic Acid Deficiency and Insufficiency

In univariate analysis, we observed an association of AA categories with sex (p = 0.011),
housing (p = 0.014) and compensated cirrhosis (p = 0.028). Regarding AAD, the rate is
35.1% in men (26/74) versus 4.5% in women (1/22). It is 52.9% in homeless subjects living
on the streets (9/17), 31.2% in homeless subjects living in a shelter (5/16) and 61.5% in
subjects with compensated cirrhosis (8/13). No significant difference was observed for
alcohol intake per day (p = 0.20) or other co-occurring substance use disorders (p > 0.05).
The results are presented in Table 2.

Table 2. Factors associated with ascorbic acid categories (n = 96).

Ascorbic Acid Level (mg/L)

Deficiency
(<2.0)

Insufficiency
(2.0–4.99)

Normal Level
(≥5.0) p

Sex
Women 1 (4.5%) 5 (22.7%) 16 (72.7%)

0.011 ††
Men 26 (35.1%) 17 (23.0%) 31 (41.9%)

Age (years) Mean (SD) 46.7 (±10.1) 49.4 (±10.8) 50.3 (±12.5) 0.43 †††

Body mass index (kg/m2)
<21.0 5 (26.3%) 3 (15.8%) 11 (57.9%)

0.93 †21.0–24.99 11 (25.6%) 11 (25.6%) 21 (48.8%)
≥25.0 8 (26.7%) 8 (26.7%) 14 (46.7%)

Prealbumin (g/L) Mean (SD) 0.24 (±0.11) 0.29 (±0.11) 0.28 (±0.10) 0.23 †††

Albumin (g/L) Mean (SD) 40.2 (±5.3) 42.5 (±3.8) 42.5 (±3.9) 0.074 †††

Vitamin D
<10 ng/L 19 (36.5%) 13 (25.0%) 20 (38.5%)

0.28 †10–20 ng/L 4 (19.0%) 4 (19.0%) 13 (61.9%)
≥20 ng/L 4 (18.2%) 5 (22.7%) 13 (59.1%)

Vitamin B9
<3.9 µg/L 7 (33.3%) 6 (28.6%) 8 (38.1%)

0.50 †
≥3.9 µg/L 20 (26.7%) 16 (21.3%) 39 (52.0%)
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Table 2. Cont.

Ascorbic Acid Level (mg/L)

Deficiency
(<2.0)

Insufficiency
(2.0–4.99)

Normal Level
(≥5.0) p

Vitamin B12
<197 ng/L 0 (0%) 1 (50.0%) 1 (50.0%)

0.47 †
≥197 ng/L 27 (21.5%) 20 (29.0%) 46 (49.5%)

Housing
Private home 13 (20.6%) 12 (19.0%) 38 (60.3%)

0.014 †Homeless in a shelter 5 (31.2%) 5 (31.2%) 6 (37.5%)
Street homelessness 9 (52.9%) 5 (29.4%) 3 (17.6%)

Academic attainment
≥Bachelor’s degree 6 (21.4%) 6 (21.4%) 16 (57.1%)

0.24 †High school degree 3 (13.0%) 6 (29.1%) 14 (60.9%)
<High school degree 16 (37.2%) 10 (23.3%) 17 (39.5%)

Socioprofessional category *
Higher 5 (20.8%) 3 (12.5%) 16 (66.7%)

0.23 †Intermediate 2 (16.7%) 3 (25%) 7 (58.3%)
Lower 20 (33.3%) 16 (26.7%) 24 (40.0%)

Type of admission Planned 18 (23.4%) 18 (23.4%) 41 (53.2%)
0.13 †

Urgently 9 (47.4%) 4 (21.1%) 6 (31.6%)

Alcohol intake per day (grams) Mean (SD) 248 (±136) 251 (±139) 198 (±119)
0.20 ***Min–Max 60–600 80–600 20–600

Tobacco use
Current smoker 23 (30.3%) 17 (22.4%) 36 (47.4%)

0.72 †
Former or non-smoker 4 (20.0%) 5 (25.0%) 11 (55.0%)

Cigarettes per day Mean (SD) 15.2 (±12.3) 17.4 (±13.7) 13.8 (±12.6) 0.51 ***

Number of tobacco pack years Mean (SD) 27.8 (±15.2) 33.5 (±16.0) 32.5 (±20.3) 0.55 ***

Number of years of tobacco
smoking Mean (SD) 27.0 (±13.1) 29.5 (±11.1) 29.1 (±14.9) 0.73 ***

Cirrhosis
Compensated 8 (61.5%) 1 (7.7%) 4 (30.8%)

0.028 †
No cirrhosis 19 (22.9%) 21 (25.3%) 43 (51.8%)

HIV status
Yes 4 (50.0%) 2 (25.0%) 2 (25.0%)

0.27 †
No 23 (26.1%) 20 (22.7%) 45 (51.1%)

Cannabis use disorder **
Yes 2 (10.0%) 5 (25.0%) 13 (65.0%)

0.099 †
No 25 (22.4%) 17 (32.9%) 34 (44.7%)

Sedative use disorder **
Yes 2 (16.7%) 3 (25.0%) 7 (58.3%)

0.71 †
No 25 (29.8%) 19 (22.6%) 40 (47.6%)

Cocaine use disorder **
Yes 2 (15.4%) 3 (23.1%) 8 (61.5%)

0.54 †
No 25 (30.1%) 19 (22.9%) 39 (47.0%)

Opiate use disorder **

Active 0 0 2 (100%)

0.21 †Opioid maintenance
treatment 5 (55.6%) 2 (22.2%) 2 (22.2%)

No 22 (25.9%) 20 (23.5%) 43 (50.6%)

* Socio-professional category according to INSEE classification. ** Substance use disorder according to DSM-5 criteria. *** Kruskal–Wallis
test. † Fisher test, †† Chi-square test, ††† ANOVA.

In multivariate analysis, versus normal AA level, AAD was associated with men (OR
17.8, 95%CI (1.63–194)), compensated cirrhosis (OR 9.35, 95%CI (1.60–54.6)), versus no
cirrhosis) and street homelessness (OR 5.76, 95%CI (1.24–26.8) versus personal housing).

3.4. Factors Associated with MoCA Score

The MoCA score was available for 53 patients (55.2%) (Supplementary Materials
Figure S1). Characteristics of the subsample are presented in Table 1. They differ from
the whole sample in terms of age, educational attainment, alcohol intake per day, tobacco
consumption (p < 0.001) and socio-professional category (p = 9.2 × 10−3).
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The average MoCA score was 25.7 (±3.3), with a range from 18 to 30. In univariate
analysis, the MoCA score was associated with the natural logarithm of AA (β = 1.91,
p = 5.3 × 10−4); i.e., a lower MoCA score was observed in patients with a lower AA concen-
tration. This is shown in Figure 1. The MoCA score was associated with age as indicated by
a U-shaped curve (by decade: β = −6.9, p = 0.013; by decade2: β = 0.64, p = 0.016), with pre-
albumin linearly (β = 8.3, p = 0.046), with housing (p = 4.4 × 10−3), with socio-professional
category (p = 6.1 × 10−3) and with HIV status (p = 0.021). No difference was observed
regarding alcohol intake (p = 0.21), body mass index (p = 0.95) or vitamins D (p = 0.96) and
B9 (p = 0.92). These results are presented in Table 3.
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Body mass index (kg/m2)
(n = 52)

<21.0 25.7 (±2.9)
0.95 †† - -21.0–24.99 25.7 (±3.5)

≥25.0 25.8 (±3.4)

Housing
Private home 26.5 (±2.7)

4.4 × 10−3 ††
ref ref

Homeless in a shelter 25.2 (±3.4) 1.29 0.19
Street homelessness 20.1 (±2.5) −2.01 0.17
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Table 3. Cont.

Univariate Analysis Multivariate
Analysis *** (n = 47)

MoCA Score p-Value β p-Value

Socioprofessional category *
Higher 27.0 (±2.4)

6.1 × 10−3 ††
ref ref

Intermediate 26.0 (±3.3) 1.23 0.29
Lower 24.1 (±3.6) −1.69 0.053

Alcohol intake by 10 g per day β = −0.052 0.21 ††† - -

Tobacco use
Current smoker 25.4 (±3.4)

0.98 † - -
Former or non-smoker 25.5 (±3.7)

Cigarettes (n = 52) Number use per day β = 0.014 0.69 ††† - -

Cirrhosis
Compensated 24.9 (±4.3)

0.78 † - -
No cirrhosis 25.9 (±3.1)

HIV status
Yes 22.0 (±3.5)

0.021 † −2.67 0.075No 26.1 (±3.0)

Cannabis use disorder **
Yes 26.6 (±3.3)

0.35 † 0.72
0.50No 25.5 (±3.3) ref

Sedative use disorder **
Yes 24.8 (±3.6)

0.35 † −2.77
0.046No 25.8 (±3.3) ref

† Mann–Whitney–Wilcoxon, †† Kruskal–Wallis test, ††† Linear regression. * Socio-professional category according to INSEE classification,
** Substance use disorder according to DSM-5 criteria, *** Polynomial regression (R2 = 0.597, p = 4.7 × 10−4).

In the multivariate analysis, the MoCA score was associated with the natural logarithm
of ascorbic acid concentration (β = 1.18, p = 0.037) and sedative use disorder (β = −2.77,
p = 0.046) after adjusting for age, sex, prealbumin, housing, socio-professional category,
HIV status and cannabis use (R2 = 0.597, p = 4.7 × 10−4) (Table 3).

In the sensitivity analysis, the mean MoCA score was significantly lower in AAD
(24.4 ± 3.5) and AAI (24.4 ± 3.9) than normal level (27.4 ± 1.5) (Kruskal–Wallis test,
p = 3.4 × 10−3).

4. Discussion

In this study on AUD patients recruited during their inpatient treatment for alcohol
detoxification, only half of the patients had a normal AA level. The prevalence of AAD
observed was 28.1%. This prevalence of AAD was higher in men, patients living on the
street and those suffering from compensated cirrhosis. An association between the AA
level and the MoCA score was identified. This association persists after adjustment for the
identified confounding factors. Very few studies have investigated the prevalence of AAD
in AUD patients, and, to the best of our knowledge, this is the first study to identify an
association between AA level and acute alcohol-related cognitive impairment.

In this population with severe AUD undergoing inpatient detoxification and dis-
playing several vulnerability factors, the prevalence of AAD and AAI was similar to that
observed in severe AUD patients [9–11,31] and considerably higher than in the general
population [12,13]. Two of the risk factors of AAD identified in this study, male sex and
street homelessness, were also shared with non-AUD patients, although they have never
been specifically described in AUD patients [12,13,22,24,25]. The association already de-
scribed between cirrhosis and AAD was also confirmed [32]. This association involves
altered hepatic metabolism, enhanced oxidative stress and the oxidation of AA and its
disposition [33,34]. Conversely, we did not observe the previously reported association be-
tween AAD and tobacco consumption. This association was mostly reported in the general
population, and we could face a ceiling effect in our sample (79.2% were current smokers).
We also did not find any association between AAD and folates, although they have the
same dietary origin in fresh vegetables and fruits. This may be explained by a specific risk
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of AA degradation due to cooking and storage conditions or by folate supplementation
provided by previous thiamine pharmaceutical supplementation combined with folates.

Regarding the association of AA level and MoCA score screening for cognitive deficit,
this result is original. During alcohol withdrawal, acute cognitive impairment may be ob-
served due to the combination of several complications such as delirium tremens, Wernicke
encephalopathy or detoxification itself. Usually, this impairment improves during the first
two months [3]. Persistent cognitive impairments are less frequent but have a major impact
on patients’ autonomy and constitute severe damage [3,6]. The observed lower MoCA
in the first days of alcohol detoxification in the case of low AA levels could be explained
by: (1) confounders, (2) pre-existing persistent cognitive disorders that deteriorate dietary
intake due to the need for high planning skills and (3) increased neurological toxicity of
alcohol withdrawal. In the brain, AA was shown to have a protective role in the mechanism
of glutamate-induced cell death, thus protecting neurons against glutamate-generated reac-
tive oxygen species and enabling the glutamate–AA heteroexchange [19–21]. Furthermore,
AA is also an essential co-factor in the regular synthesis of many neurotransmitters, in-
cluding noradrenaline and acetylcholine, and a neuromodulator of NMDA and dopamine
receptors [19–21]. Thus, AA deficiency would impair synaptic conduction on a long-term
basis. AA is also involved in myelin formation [35].

A further secondary decrease in AA levels during alcohol withdrawal has also been
observed in one study, suggesting high catabolism of AA during withdrawal [9]. This de-
crease in AA level may explain the high prevalence of AAD in patients hospitalised for
severe alcohol withdrawal and in intensive care [11]. This suggests that the antioxidant
effect of AA is especially clinically relevant in conditions of glutamatergic neurotoxicity
and oxidative stress, such as in AUD inpatients during alcohol withdrawal [36].

Regarding possible confounding factors for low MoCA score, we did not observe the
previously observed association of MoCA score with low body mass index [1], and this
could be explained by many other dietary confounding factors and differences between
malnutrition subtypes (calories, proteins or vitamins intakes) [7,8,16,37].

In the univariate analysis, an HIV-positive status was associated with a lower MoCA
score. Cognitive impairment in patients living with HIV is known but is usually manifested
in the symptomatic stages of AIDS [38]. This association was not found in multivariate
analysis after adjustment with cofounders. In the multivariate analysis, a lower MoCA
score in patients with sedative use disorder was also found, which is known to affect
cognitive performance [30].

In this study, patients’ usual diet prior to admission, e.g., AA-rich food intakes, was not
recorded. The prevalence of AAD is related to deprivation in dietary intake [9,10,13,39],
favoured by homelessness. Unfortunately, an exhaustive inventory of dietary intake is
difficult in clinical practice, and this methodology has several limitations: differences
in absorption and metabolism between patients, inaccuracies between food diaries and
nutrient database and loss of AA during cooking and storage [14,37]. Obviously, we could
not assess it retrospectively in these severe AUD patients. We acknowledge that we focused
on the AA level and did not record clinical signs of scurvy. Indeed, these are unspecific and
consist of asthenia, myalgia and dental and dermatological lesions that may occur for other
reasons in patients with AUD [10,11,31]. Other interesting variables were not recorded,
e.g., type of preferred alcohol, the pattern of consumption, delay since last drinking and
alcohol withdrawal severity using validated scales or thiamine level.

Our study has some other limitations, including the retrospective chart review design,
open-label study without a control group or blind record study, giving way to non-specific
care setting effects. No minimum daily alcohol consumption threshold was set for inclusion.
No oxidative stress status measures were performed, such as the assessment of the reactive
oxygen species, their induced modifications of lipids, DNA and proteins, nor the total
antioxidant capacity [40]. There was no prospective monitoring of the AA level evolution
during the first few days of alcohol withdrawal and before the MoCA was completed.
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Finally, AA blood measurement is subject to well-known pre-analytical fluctuation due to
its antioxidant nature and high lability [37].

The main strength of our study is the well-defined population, with verified AUD
criteria, high mean alcohol consumption levels, the recruitment of precarious patients
and/or those with complications, which allowed us to study and control for those clinical
factors. The second strength is the prevalence of acute alcohol-related cognitive impairment
and its routine screening process using the MoCA.

5. Conclusions

Our pilot study opens important perspectives. The prevalence of AAD was high.
AAD increases the risk of cardiovascular diseases, infectious diseases or cancer. Moreover,
in the specific domain of cognitive impairment that we explored [14,15], we found an
association between AA level and early cognitive impairment. This link is supported by
pharmacological data on the cerebral metabolism of AA. These cognitive impairments
are prevalent and have a strong impact on the rehabilitation of patients [3]. According to
experts’ opinions, the treatment of scurvy consists of per os administration of AA at a dose
of 300 mg to 1 g per day, in divided doses for two weeks [41,42]. The dose could even safely
be up to 2 g per day [43]. Contraindications to the prescription of AA supplementation are
limited (glucose-6-phosphate dehydrogenase deficiency, oxalosis, gout). Side effects are
predominantly digestive symptoms, nausea and diarrhoea [18,42,43]. Those points may
justify an increased AA intake for all patients admitted for alcohol detoxification. Today,
the adequate dose and route of administration for pharmaceutical AA supplementation
in the general population are debated [18,19]. In order to reach the recommended grade
of systematic thiamine supplementation in alcohol withdrawal, universal AA supplemen-
tation during alcohol detoxification should be evaluated. A clinical trial assessing AA
supplementation in the form of pharmaceutical preparation or a specific diet enriched in
fruits and vegetables versus placebo is warranted in this specific population.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antiox10121892/s1, Figure S1: Flow chart.
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