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Abstract: Alcoholism presents a significant health concern with notable socioeconomic implications.
Alcohol withdrawal syndrome (AWS) can manifest when individuals cease or drastically reduce their
alcohol consumption after prolonged use. Non-alcoholic fatty liver disease (NAFLD) is characterized
by substantial lipid accumulation in the liver cells of individuals with no history of alcohol consump-
tion. There is evidence suggesting an association between cognitive impairment and both conditions.
This study aimed to evaluate cognitive impairment in patients with NAFLD and AWS using the
Mini-Mental State Examination (MMSE). This study involved 120 patients admitted to two hospitals
in Craiova, Romania. Results indicated that patients with NAFLD did not exhibit cognitive impair-
ment as measured by MMSE (Mean = 29.27, SD = 0.785). Conversely, patients with AWS showed
more pronounced cognitive dysfunction, with a mean MMSE score at admission of 16.60 ± 4.097 and
24.60 ± 2.832 after 2 weeks under treatment with Vitamins B1 and B6 and Cerebrolysin. Additionally,
our findings suggested that cognitive dysfunction among alcohol consumers was correlated with the
severity of clinical symptoms, as demonstrated by the severity of tremors in our study. The two-week
period under treatment and alcohol withdrawal was insufficient for cognitive function to return to
normal levels. Observational studies on longer periods of time are advised.
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1. Introduction

Nowadays, alcohol is commonly associated with entertainment, with around one in
three people worldwide being a consumer [1]. According to recent reports from Eurostat, in
Europe, 1 in 12 persons is a regular consumer, and almost one out of five of these people has
an episode of heavy drinking at least once a month [2]. Even though most of the statistics
report men as being more avid consumers, recently, the gender gap has gently started to
narrow [3].

Alcoholism poses a significant health concern with significant socioeconomic ramifi-
cations [4]. This condition accounts for 15–20% of psychiatric admissions and numerous
medical, surgical and traumatic emergencies [5].

Among the most encountered irreversible effects of chronic alcohol consumption is
cognitive dysfunction [6], which can be more and more observed in patients with no other
neurological impairment and can be traced to chronic alcohol intake [7]. Executive func-
tions [8], orientation skills [9] and memory are also affected [6]. Usually, by the time these
patients seek medical attention, the cognitive impairments are already established [10,11] with
proven effects upon all cognitive domains [12].
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The development of multimodal neuroimaging systems have helped the medical
community better observe the effects of alcohol consumption on the brain such as cor-
tical shrinkage and white matter degradation, differences in brain activity during task
processing, visual perception impairment, damaged cognitive control mechanisms and
many others [13].

Some researchers investigated the effect of alcohol abstinence on the improvement
of various components of cognitive function such as memory recovery, orientation and
inhibition [14–16]. Regarding the duration of abstinence necessary for the normalization of
cognition, there are not many authors that can agree on a timestamp [6], as some studies
reported a significant improvement after two to four weeks [17], whilst others did not find
any modification as late as the seventh week [18].

Alcohol withdrawal syndrome (AWS) can occur when patients stop drinking or dras-
tically decrease their alcohol intake after long-term consumption [19]. The symptoms of
withdrawal can range widely, from slight tremors to delirium tremens, a condition that
causes seizures and, if left untreated, can be fatal [20].

Non-alcoholic fatty liver disease (NAFLD) is characterized by a significant lipid storage
in the hepatocytes of patients with negative history of alcohol consumption [21,22]. About
30% individuals can suffer from NAFLD, which is the most common liver damage in
the world [23]. Certain authors have observed that individuals diagnosed with NAFLD
may exhibit subpar cognitive function across various domains such as general cognition
and attention [24,25]. However, the literature presents inconclusive findings, as some
studies fail to establish a clear association between NAFLD and cognitive impairments [26].
Introduction of the term metabolic-dysfunction-associated fatty liver disease (MAFLD)
presents a recent development aimed at replacing the term NAFLD [27]. Unlike NAFLD,
MAFLD does not necessitate excluding other causes of liver disease, such as excessive
alcohol consumption or viral hepatitis [27,28]. NAFLD literally refers only to non-alcohol
related hepatopathy and does not adequately explain the links with metabolic impairment
and related cardiovascular risks [29].

Mini-Mental State Examination (MMSE) is a simple-to-use screening tool broadly
used by medical professionals in their daily practice to assess a patient’s cognition [30],
consisting of 11 questions that can be administered by healthcare practitioners [31].

Cerebrolysin is a medication that, for some time now, has been used in hospital settings
to treat neurological problems such as strokes [32] and traumatic brain injuries [33], and it
has captured the interest of the medical world for its beneficial effects [34]. It is a composed
of low-molecular-weight peptides and amino acids [35], extracted from the braincells of a
porcine [36]. There are some studies on animal models and observational studies on humans
suggesting a beneficial effect of Cerebrolysin usage on cognition enhancement in patients
with moderate to severe brain injuries [37]. Also, there are a few studies that determined
that this compound possesses neurotrophic properties explained in Figure 1, promoting
neuronal sprouting and enhancing neuronal survival and neurogenesis [38]. In 2019, a
study on rats concluded that it has the potential to improve memory function in individuals
with chronic alcoholism by reducing oxidative damage and inhibiting apoptosis in the
hippocampus, indicating its potential as a treatment for cognitive impairment associated
with alcohol abuse [39].

The aim of our study was to repeatedly assess the cognitive function of chronic alcohol
users at hospital admission and 2 weeks after they were abstinent and under supportive
treatment in order to check if there were significant improvements. Also, we wanted to
check if there was a cognitive impairment in patients diagnosed with NAFLD and to see if
there are differences between the two groups.



Gastroenterol. Insights 2024, 15 435

Figure 1. The mechanism proposed for Cerebrolysin effects on seizure-induced neuronal death. In-
creased brain-derived neurotrophic factor (BDNF) levels by Cerebrolysin can induce the suppression
of glial cell activation, which is believed to take place after seizures induced by pilocarpine. A red
cercle and a red arrow indicates inhibition, and the green arrow indicates enhancement. Created with
BioRender.com.

2. Materials and Methods
2.1. Selection of Patients

For our analysis, we included patients hospitalized in Craiova’s Clinical Neuropsychi-
atry Hospital for acute AWS who had a hospitalization period of more than 14 consecutive
days and patients diagnosed with NAFLD hospitalized in the Gastroenterology Department
of the County Clinical Emergency Hospital of Craiova, Romania, for routine check-up. As
there is no definitive evidence of cognitive alteration among patients with NAFLD [26,40],
we will consider these patients as our control group.

We conducted a prospective study. The inclusion period lasted for 12 consecutive
months, from January 2022 to December 2022.

Patients with autoimmune liver disorders, virus B and virus C chronic hepatitis, liver
cirrhosis, hepatocellular carcinoma or other malignancies were excluded due to altered
values of hepatic enzymes. Also, we excluded all patients with signs of infection due to
possible misinterpretation of liver enzymes and, also, patients with an uncertain history of
alcohol consumption.

All the patients, or where it was needed, a legal representative, signed the formal
consent for taking part in this study.

The University of Medicine and Pharmacy of Craiova, Romania’s ethical committee
approved the current study protocol, which complied with all Declaration of Helsinki
criteria (no. 237/20 December 2021).

2.2. Clinical Evaluation

For the screening of cognitive function, we used the MMSE test which is a test most
commonly used to detect and evaluate the progress of a cognitive disorder associated
with neurodegenerative diseases [41]. It includes five sections: orientation, attention,
concentration and calculation, memory and language. The administration of this simple,
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structured scale requires no more than 5–10 min. The maximum, total score is 30 points. The
MMSE ranges were 24–30 for no cognitive impairment, 19–23 for mild, 10–18 for moderate
and 0–9 for severe cognitive impairment [41–44]. MMSE was used at the time of admission
in the clinics, and for the patients admitted with symptoms of acute alcohol withdrawal, a
second evaluation was performed after two weeks. The evaluation was performed by S.M.

2.3. Definition of NAFLD and Ultrasound Assessment

NAFLD was defined by the presence of hepatic steatosis on ultrasound, excluding
heavy drinking individuals. All patients were evaluated by ultrasound conducted by a
gastroenterologist with approximately 35 years of experience in intra-abdominal ultrasound
(IUS) utilizing a Hitachi Arietta V70 ultrasonography system (Hitachi Ltd., Tokyo, Japan)
along with the convex transducer. Also, all the patients with NAFLD had an evaluation
of liver fibrosis using FibroScan Mini+ 430 (Echosens, Paris). Patients were instructed
to follow a fasting period of at least 6 to 8 h prior to the examination. The ultrasound
assessment was focused on the liver of all patients hospitalized in the Gastroenterology
Department of the County Clinical Emergency Hospital of Craiova, Romania. We have
only used the definition of NAFLD and not MAFLD because the latter diagnosis applies to
patients displaying both hepatic steatosis and any of the following metabolic conditions:
overweight or obesity, diabetes mellitus or evidence of metabolic dysregulation in lean
individuals, and does not exclude the use of alcohol [45].

2.4. Biological Analyses

From all the patients included in the study, a “fasting” blood sample was drawn
by an experienced nurse from a peripheral vein by routine phlebotomy. Those samples
were used to determine the complete blood count (CBC), erythrocyte sedimentation rate
(ESR), C reactive protein (CRP), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyl transferase (GGT), all assessed by routine (automated) laboratory
procedures. CRP, ESR and CBC were analyzed for all the patients considered for the study.
Based on their abnormal values that were not in line with acute withdrawal syndrome and
the NAFLD diagnosis, we excluded a number of 30 patients (9 from the AWS group and 21
from the NAFLD group) and referred them for further clinical and paraclinical testing.

2.5. Treatments

During their admission in the hospital, the AWS group patients were closely moni-
tored by the medical and auxiliar staff. These patients had no access to alcoholic beverages
or similar substances. The treatment they received included Cerebrolysin, which we deter-
mined in a previous experimental study to have protective effects on the brain cells [46], as
well as Vitamin B6 and B1 infusion and symptomatics.

The NAFLD group did not require prolonged hospitalization as the patients were
solely attending for a routine check-up and did not receive any medication.

2.6. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics Version 26 and Microsoft
Excel 2021 (Microsoft Corp., Redmond, WA, USA). Unless noted otherwise, we show in
figures and tables the mean value and standard deviation (SD). We considered there is a
statistical significance if p < 0.05, p < 0.01 or p < 0.001.

3. Results

Our study included a total of 120 patients, with a preponderance of males, representing
74.16% of the participants. In AWS patients (study group), there was a predominance of males,
representing 83.3% of the total, while in patients with NALFD (control group), the gender gap
was not that well represented, with 53.3% of the total participants being females. More than
half of the AWS patients were from a rural area, while in the NAFLD group, the balance was in
favor of the urban area with 63.3% of patients living in the cities. The hospitalization period was
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longer for AWS patients than the control group (20.44 ± 14.59 days vs. 1.8 ± 0.95 day, with a
minimum = 14 days and a maximum = 34 days vs. minimum = 1 day and a maximum = 4 days).
All the patients from the NAFLD group had their liver fibrosis level assessed by fibroscan; all of
them had no fibrosis with a mean of 4,6 KPa and a standard deviation of 1.2 KPa.

Table 1 shows the descriptive data about the patients included in the study.

Table 1. General characteristics of patients.

Total AWS NAFLD

Patients 120 90 30

Age (years) * 51.12 ± 13.303 47.49 ± 11.762 62 ± 11.756

Hospitalization period (days) * - 20.44 ± 14.59 1.8 ± 0.95

Gender
Male 89 75 14

Female 31 15 16

Alcohol
consumers

Yes 90 90 0

No 30 0 30

Environment
Rural 68 57 11

Urban 52 33 19
* Expressed as mean ± standard deviation.

In order to see if there is a correlation between the hospitalization period and the
MMSE score at admission for the AWS group, we used a Pearson correlation coefficient.
There was a significant strong negative correlation between the two abovementioned
variables, r(87) = −0.638, p < 0.0001. This shows that the lower the MMSE score was at
admission, the longer the patients needed to be kept in the hospital, in order to be monitored
and receive treatment. The ones with the highest scores were discharged faster. In Figure 2,
we present these results in a scatterplot for a better and more accurate representation.

Figure 2. Scatter plot of the correlation between MMSE score at hospital admission (MMSE t0) and
hospitalization period for the AWS group.

We present in Table 2; Table 3 the descriptive statistics of both groups. We performed
an Independent Samples t-test which compares the means of GGT between the NAFLD
group and the AWS group. There was a significant difference in mean GGT between alcohol
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consumers and the NAFLD patients (t(19.733) = 6.717, p < 0.001). The average GGT for
alcohol consumers was 200.8 U/L higher than the average GGT for non-consumers.

Table 2. Descriptive statistics of the AWS group.

Total Minimum Maximum Mean ± SD

AST (U/L) 90 22 919 127.73 ± 118.879

ALT (U/L) 90 16 1924 115.93 ± 207.302

GGT (U/L) 90 18 1680 261.23 ± 262.799

MMSE at admission 90 7 29 16.60 ± 4.097

MMSE at 2 weeks 90 17 30 24.60 ± 2.832

Table 3. Descriptive statistics of the NAFLD group.

Total Minimum Maximum Mean ± SD

AST (U/L) 30 17 235 46.17 ± 44.135

ALT (U/L) 30 13 212 51.07 ± 53.067

GGT (U/L) 30 9 259 60.43 ± 61.525

MMSE at admission 30 28 30 29.27 ± 0.785

For an easier and better data analysis we split the AWS group into age groups, as
follows:

• 20 to 29 years: 5 patients (5.6%);
• 30 to 39 years: 17 patients (18.9%);
• 40 to 49 years: 25 patients (27.8%);
• 50 to 59 years: 30 patients (33.3%);
• 60 to 69 years: 10 patients (11.1%);
• 70 to 79 years: 3 patients (3.3%).

A one-way ANOVA was performed to evaluate the relationship between patients’
MMSE score at both admission and after 2 weeks and the age category defined as before.
The means and standard deviations are presented in Table 4 below.

The ANOVA was not significant at the 0.05 level, F(5,84) = 0.772, p = 0.537 for the
MMSE at admission and F(5,84) = 0.554, p = 0.735 for the MMSE after 2 weeks.

The control group, consisting of patients with NAFLD, did not have any subject with
cognitive impairment measured by MMSE, with a minimum score of 28 and maximum
score 30 (see also Table 3).

Mean MMSE score at admission in patients with AWS was 16.60 ± 4.097, compared to
patients with NAFLD which was 29.27 ± 0.785. Also, a one-sample t-test was run to determine
whether there is a difference in cognition measured using MMSE score between the control
group and the alcohol consumers’ group after 2 weeks of withdrawal and treatment. Mean
MMSE score at 2 weeks (M = 24.6, SD = 2.832) was lower than the MMSE score of the control
group at admission which did not have any participants with abnormal results, a statistically
significant mean difference of 4.667, 95% CI [4.011 to 5.322], t(115.87) = 14.095, p < 0.001. The
distribution of MMSE score can be observed in Figure 3.

In Figure 4 is presented the scatterplot of MMSE at admission and MMSE after 2 weeks
of treatment which shows a strong, positive, linear association between the two. There are
not many outliers in the data.
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Table 4. Descriptive statistics of the MMSE at admission (MMSE t0) and MMSE after 2 weeks
(MMSE t2) of the AWS group split according to age groups.

Mean SD Std. Error Minimum Maximum

MMSE t0

20–29 15.60 5.079 2.272 9 22

30–39 18.06 5.517 1.338 7 29

40–49 16.36 3.315 0.663 9 23

50–59 16.40 3.519 0.643 11 29

60–69 16.80 4.492 1.420 8 25

70–79 14.00 2.000 1.155 12 16

Total 16.62 4.060 0.428 7 29

MMSE t2
weeks

20–29 23.60 4.669 2.088 17 29

30–39 24.94 3.230 0.783 18 29

40–49 24.52 2.859 0.572 19 29

50–59 24.43 2.344 0.428 20 29

60–69 25.60 2.836 0.897 19 30

70–79 23.33 2.082 1.202 21 25

Total 24.60 2.832 0.298 17 30

Figure 3. Distribution of MMSE scores of control group at admission and MMSE score of the alcohol
consumers’ group after 2 weeks of withdrawal and treatment.

A Pearson correlation coefficient was calculated to evaluate the relationship between
MMSE at admission and MMSE after 2 weeks of hospitalization. There was a significant
very strong positive relationship between the MMSE scores, r([88]) = [0.881], p = [<0.001].

A paired samples t-test was performed to evaluate whether there was a difference
between the MMSE score at admission and MMSE score after 2 weeks of alcohol withdrawal
and treatment (as mentioned before). The results indicated that the MMSE after 2 weeks
of alcohol withdrawal and treatment (M = [24.60], SD = [2.832]) was significantly higher
than the MMSE score at hospital admission (M = [16.60], SD = [4.097]), t([89]) = [36.349],
p = [<0.001], showing a considerable improvement.

We analyzed the frequency of the tremor type in correlation with the severity of
cognitive impairment as indicated by the MMSE score; the obtained results are presented
in Figure 5 and Table 4.
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Figure 4. Scatter plot of the association between MMSE score at admission in the hospital (MMSE at
t0) and MMSE score after 2 weeks of treatment (MMSE t2 weeks).

Figure 5. Neurological exam dispersion according to the MMSE severity represented in a bar chart.

A chi-square test of independence was performed to evaluate the relationship between
the neurological exam for which the results are described in Table 5 and MMSE score
at admission as presented in Figure 6. The relationship between these variables was
significant, χ2 [6], N = [30] = [6.718], p < [0.001]. Patients with a severe score of MMSE were
more likely to have generalized tremors than the ones with no impairment identified by
the MMSE score.

Table 5. Neurological exam and MMSE category at admission in the AWS group.

Neurological Exam MMSE Category
Severe Moderate Mild No Impairment

Normal 0 0 3 2

Extremities tremor 0 42 12 2

Generalized tremor 5 21 3 0
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Figure 6. Scatter plot of the association between MMSE at admission (MMSE t0) and the neurolog-
ical exam for the AWS group. Nota bene: Neurological exam was coded as follows: 0—Normal,
1—Extremities tremor, 2—Generalized tremor.

No correlation was found between MMSE at admission and environment, gender or
age group for the AWS group.

4. Discussion

Peer pressure, defined as the attempt to compel an individual to make a decision based
on a norm, still plays an active role in the gender gap regarding alcohol consumption [47].
Traditional masculine norms often include beliefs such as the importance of being tough,
aggressive, dominant and self-reliant [48] which are associated with the increased con-
sumption of alcoholic beverages. Even if there is clear recent evidence that this difference
between genders is becoming smaller [49], it is still a fact that worldwide, men are more
likely associated not only with alcohol consumption but also with heavy drinking [50].
On top of that, the latest statistics show a high alcohol consumption in Eastern European
countries which Romania is a part of [51]. The findings in our study endorse these reports
as the group of alcohol consumers had a ratio of five men to one woman. However, we
must admit that the results of our analysis show there is no correlation between the MMSE
score of patients with acute symptoms of alcohol withdrawal and gender, even though
there are some studies reporting a relationship between those variables [52].

High levels of GGT are traditionally linked with alcohol intake [53] and liver dysfunc-
tion [54]. According to Sueyoshi S et al., GGT serum profile determination could be used
for the differential diagnosis of alcoholic-induced liver disease and NAFLD [55].

The updated concept and criteria of MAFLD could enable physicians to identify a
larger cohort of patients at risk of adverse outcomes in clinical practice [45]. However, given
the novelty of this concept, further investigation is necessary to evaluate its utility in clinical
settings and especially in patients with cognitive disorders. As there are not many papers
in the literature which tackle MAFLD and related cognitive impairment, we only refer to
NAFLD [56,57]. Even if there is an elevation of the GGT, AST and ALT levels associated with
excessive weight that, in time, can lead to NAFLD [58–60] and Metabolic syndrome [61],
the GGT elevation in chronic alcohol consumption is far greater [62]. Our target group of
alcohol consumers definitely had GGT levels superiorly increased in comparison to their
counterparts. This supports the hypothesis of GGT being used as an accurate marker for
alcohol consumption.

A meta-analysis in this area yielded diverse outcomes regarding the relationship be-
tween NAFLD and cognitive function, with only individuals with biopsy-proven liver fibrosis
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demonstrated to be having a confirmed association with cognitive dysfunction [24,25]. Re-
garding our study, we found no dysfunction in any of our patients diagnosed with NAFLD,
even though they had no liver fibrosis assessed by FibroScan, but this can be a flaw due to the
small size of our group with only 30 individuals.

In our study, we determined that even after 2 weeks of alcohol withdrawal and
adequate treatment and under the careful supervision of medical professionals, in the
cognitive assessment measured by the MMSE score, the patients from the AWS group
performed poorly compared with the control group. A meta-analysis on the effect of
alcohol on cognitive function showed that global cognitive dysfunction can be detected
after weeks or even months of abstinence [12]. There should be more research conducted
in order to determine a more accurate time period of recovery for patients with chronic
alcohol consumption.

Even though after 2 weeks, the MMSE score of the AWS group was not comparable
with that of the NAFLD group, a significant improvement in cognition was observed.

We can attribute a part of this improvement to the fact that patients with AWS received a
treatment which consisted of a cocktail of Cerebrolysin and Vitamins B1 and B6. The results
from our study are consistent with the ones found by other researchers, which supports the
hypothesis that cognitive impairment among chronic alcohol consumers is a problem that
can improve with alcohol withdrawal and adequate therapy. This topic of neurocognitive
changes in neurological patients who received these drugs/supplements also chosen for our
patients is a topic that has captivated the interest of many researchers. Some studies proved
the beneficial effect of Vitamin B1 on cognitive recovery in elders [63,64] and the impact of
Cerebrolysin in the recovery of patients after neurological damage [35–37,46]. According to
a couple of studies from the current literature, nutritional techniques or supplements may
improve cognitive function, despite many unknown biochemical mechanisms [65–67]. An
important nutrient is creatine, which is used by the brain and muscle mass when consumption
increases. The mechanisms of creatine action include fast energy provision by transferring the
N-phosphoryl group from phosphocreatine to adenosine diphosphate, restoring adenosine
triphosphate, and energy, which involves shifting the energy from the mitochondria to the
cytosol [68]. Another micronutrient recently used in patients with cognitive disorders is
beta-carotene, which acts like an antioxidant and has anti-inflammatory effects [69]. Further
studies should be conducted in order to determine the mechanism of action and adequate
duration of treatment.

Tremors are one of the most encountered clinical findings in neurological disorders [70].
In patients with acute alcohol withdrawal, they are often present in different levels of
intensity [71], as we also pointed out in our target group. A curious fact is that there was a
strong correlation between the severity of the tremor and the MMSE score at admission,
which proves, once again, the more severe the cognitive impairment is, the more obvious
and louder the clinical symptoms are.

The fact that we only surveyed our patients for 2 weeks, which showed only a mild
improvement, and did not continue to monitor them after is a flaw in our study design.

On the other hand, we also managed to confirm there is no cognitive impairment
associated with NAFLD, as some studies reported [24,25]. We still have to mention that the
patients included in our study with NAFLD were not severe cases, and we did not perform
a liver biopsy in order to determine the extent of the illness.

The fact that we only surveyed our patients for 2 weeks, and did not continue to monitor
them after, is a flaw in our study design, as we did not manage to observe the final outcome
of the patients. Also, another limitation to be mentioned is the fact that our studied group
was not big enough to draw a generally accepted conclusion, so we would like to encourage
researchers to continue the research in this field. As we mentioned before, the men to women
ratio is quite disproportionate, which can be partially attributed to the alcohol-consuming
pattern of people in Romania. Also, another fact is that, in Romania, the man-to-woman
ratio of alcohol consumers is more disproportionate in rural areas. However, we consider it
necessary for more investigations to be carried out in this direction.
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5. Conclusions

Through our study, we managed to conclude that GGT is a good marker for evaluating
and differentiating alcohol consumers from non-consumers.

Also, we managed to identify the fact that among alcohol consumers, there are cogni-
tive dysfunction that are associated with the severity of clinical symptomatology, repre-
sented in our study by tremors.

The two-week period under treatment and alcohol withdrawal was not enough for
cognitive function to reach the normal limits, even though there were significant improve-
ments in most of the patients. The mechanism of action of Cerebrolysin and Vitamins B1
and B6 should be better described. There is a need for more studies in this area, and they
should be conducted for longer periods of time.

Even though no cognitive impairment among NAFLD patients was observed in our
study, we would like to encourage more researchers to study this matter as these results
are controversial.
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