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Abstract

Objective: Overweight, Arterial Hypertension (AH) and diabetes are 
frequently associated with alcohol use disorders. As each of these co-morbidities 
is independently associated with cognitive impairment, we studied whetherthey 
could worsen alcohol-related cognitive impairment.

Methods: A retrospective analysis of a clinical database of patients with 
an alcohol use disorder admitted to an addiction treatment unit of a teaching 
hospital. Patient weight was classified using WHO recommendations; arterial 
hypertension and Type 2 diabetes were diagnosed according to the most recent 
guidelines. Cognitive status was assessed using the MoCA administered on 
admission and at discharge by trained staff members. 

Results: Among the 387 patients included (69.3% male, mean age 50.4), 
6.4% suffered from Type II diabetes, AH was present in 22.4% of the sample, 
and 20.6% were obese (BMI>=30). MoCA scores at admission did not differ as a 
function of BMI, or AH or Type II diabetes status. At discharge, MoCA scoreshad 
improved in all subgroups; however, a multivariate analysis showed that they 
had improved significantly less in the AH group compared to the non-AH group.

Conclusions: Our results confirm the impact of hypertension on cognitive 
dysfunction, including in patients with severe alcohol use disorders. Monitoring 
of blood pressure levels is, therefore, an important preventive measure for 
cognitive dysfunction in these patients.

Keywords: Alcohol use disorder; Cognition; Withdrawal; Arterial 
hypertension; Diabetes; Overweight

cytokines [9]. Therefore, it is reasonable to suspect that any disease 
associated with a chronic inflammation process such as obesity might 
also impact cognitive function in AUD patients.

Cognitive impairment might also be mediated, in part at least, 
by Type  II diabetes (T2D), which frequently occurs in overweight 
subjects. A meta‐analysis of studies in the United States and Europe 
compared obese people with those of normal weight, and found 
that obese men had a seven‐fold, and obese women a 12‐fold higher 
risk of developing T2D [10]. In Europe, 50.9–98.6% of people with 
T2D are reported to be obese [11]. Meta-analyses also suggest that 
adults with T2D have negative changes in motor and executive 
function, processing speed, and verbal and visual memory [12]. 
A study conducted in a sample of patients aged 40–60 examined 
brain response to an n-back working memory test, and showed a 
relationship between task performance and insulin sensitivity [13]. 
Epidemiological data show a clear association between excessive 
alcohol use and T2D [14], suggesting that diabetes might also 
contribute to cognitive impairment in both overweight and AUD 
patients.

Obesity is known to be a major risk factor for cardiovascular 
disease, coronary heart disease, heart failure, and hypertension, 
which together account for about 70% of complications [15]. Arterial 

Introduction
Overweight is a chronic inflammatory condition that is 

associated with Alzheimer’s disease, vascular dementia, and brain 
atrophy [1,2]. The effects of adiposity on cognition have been widely 
studied, with numerous conclusive observations [3]. For example, 
in the French VISAT cohort of 2000 middle-aged participants, 
Cournot et al. [4] showed that a higher Body Mass Index (BMI) 
predicted lower cognitive scores at five-year follow-up, independent 
of any confounding factors. Interestingly, the latter study found 
that cognitive impairments (measured as attention tasks, executive 
function, and memory) are similar to those observed in patients with 
Alcohol Use Disorders (AUD).

Cognitive impairment is the most frequent neurologic 
complication in patients with AUD, with reported prevalence ranging 
from 50–70% [5,6]. It mostly affects executive functions, along with 
memory and visuo-spatial abilities [7]. It is now widely-accepted 
that these alcohol-associated neurological effects might be due to 
an inflammation process [8]. Alcohol abuse is known to increase 
bacterial endotoxin lipopolysaccharides, which leads to oxidative 
stress through excessive production of reactive oxygen species. As 
a consequence, neuroimmune reactions occur through interactions 
with factors such as Toll-like receptors and pro-inflammatory 
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Hypertension (AH) is now considered to be one of the major risk 
factors for vascular dementia [16]; notably, Wortmann et al. [17] 
showed that at least 50% of patients with dementia have cerebral 
vascular lesions, accompanied by various signs of neurodegeneration. 
A recent meta-analysis showed that high blood pressure in midlife is 
linked with poorer cognitive functioning, evidenced in cross-sectional 
and longitudinal studies [18]. It is well-known that excessive alcohol 
use increases blood pressure, and that reducing alcohol intakeis 
consistent with a significant improvement [19]. Taken together, these 
studies suggest that A His another potential risk factor for cognitive 
impairment in both overweight and AUD patients. 

Heavy drinking does not protect against weight gain. A recent 
large-scale American study showed that about 20% of those with 
AUD were overweight [20]. Therefore, it is reasonable to suspect that 
overweight patients with AUD who are exposed to other risk factors 
might have more severe cognitive impairment than patients with 
AUD at normal weight. Although it has been clearly demonstrated 
that alcohol withdrawal improves cognitive function [6], this 
improvement might be impaired in overweight AUD patients, due to 
the risk factors associated with obesity; this could, paradoxically, lead 
to the suspicion that the patient is still consuming alcohol.

Against this background, the aim of our study was to evaluate 
the impact of overweight, AH, and/or T2D on cognitive function at 
admission, and after six weeks of rehabilitation in AUD patients.

Methods and Patients 
The study was performed in a hospital-based, substance use 

rehabilitation center. The present work is retrospective, and is a 
secondary analysis of data used in Pelletier [6], to which we added 
151 patients who were hospitalized in 2019 or 2020, and who met 
inclusion criteria.

Patients
Inclusion criteria were: AUD according to DSM-5  criteria 

(American Psychiatric Association, 2013); detoxification of at least 
seven days; age above 18 years; no alcohol or drug consumption during 
the hospital stay, checked by regular and random testing; cognitive 
evaluation at admission and just before discharge; available clinical 
data regarding a potential history of AH or T2D, and BMI. Exclusion 
criteria were as follows: severe comorbid neurological or psychiatric 
disease such as dementia; Alzheimer’s disease; psychosis; past history 
of stroke or coma; encephalopathy; and refusal to participate.

Methods
We recorded the following data: age; sex; marital status (single/

in a relationship); education level (≥12 years); professional status 
(employed or unemployed); alcohol consumption; age at AUD onset; 
past family history of drug use disorder; tobacco consumption; and 
cannabis, cocaine and heroin consumption, based on declarative data 
and urinary tests. 

Diagnosis of Factors Studied
Overweight: This was calculated using the patient’s BMI (their 

weight in kg divided by their height in meters squared). We used 
the 2004 World Health Organization (WHO) classification: group 1, 
BMI < 18.5; group 2, 18.5≥ BMI<25; group 3, 25 ≥ BMI<30; group 4, 
BMI>=30. 

AH: This included diagnosed patients undergoing treatment 
for AH at admission. It also included patients in whom an arterial 
systolic pressure of 140/90 mmHg was recorded, at least three times, 
after a minimum period of seven days following alcohol withdrawal, 
as recommended by most guidelines [21].

T2D: In addition to diagnosed patients undergoing treatment, 
T2D was identified when fasting glycemia was above 1.26 g/l (7.0 
mmol) at least two times after a minimum period of seven days 
following alcohol withdrawal [22]. 

Cognitive Evaluation 
We used version 7.1 of the Montreal Cognitive Assessment 

(MoCA) provided by the MoCA test organization (http://www.
mocatest.org/) for the evaluation at admission, and version 7.2 of 
the same test at discharge, to avoid memory bias. Both versions were 
translated into French and administered by experienced occupational 
therapists or neuropsychologists. All administrators used a similar 
scoring grid, defined in accordance with proposed guidelines [23]. 
The test was administered in a quiet room in the morning, and 
patients had not smoked recently. The MoCA explores eight cognitive 
domains: visuospatial/executive, naming, memory (not scored), 
attention (three items scored independently), language (two items 
scored independently), abstraction, delayed recall, and orientation. 
Scores were not corrected for education level, and scores ≥ 26 are 
considered normal [7].

Statistics
We used the lmer function in the lme4 package in R [24] and the 

Maximum Likelihood method to assess how well the data fitted our 
mixed-effects models [25]. We tested mixed effects because measures 
for each patient were interdependent, and we needed to adjust our 
estimates of the model’s parameters for “subjects”, by adding a random 
intercept that estimated between-subjects’ variance in the mean of 
the dependent variable. The intercept, the subsequent covariates 
and their interactions were modeled using fixed effects parameters 
(unstandardized B regression coefficients): Time was modeled as 
a dummy, with admission as the reference (admission=0; after six 
weeks of rehabilitation=1); BMI; AH was modeled as a dummy, with 
no AH as the reference; T2D was model as a dummy, with no diabetes 
as the reference; and education level. Interactions were also modeled 
as fixed effects. We report values for unstandardized regression 
coefficients (B) to estimate the relationship between the response 
(i.e., the dependent variable), and both quantitative covariates and 
dummies. Significance was set at p≤.05.

Results
Socio-Demographic Data

Three hundred and eighty-seven (387) patients were included in 
the study, divided into 268 men and 119 women, aged 50.4±9.6 years. 
Most (66.1%) lived alone, a minority (15.6%) were employed, and 
16.1% were highly educated. Full socio-demographic characteristics 
are presented in Table 1. Mean alcohol consumption was high, about 
40% had a family history of AUD, over 70% smoked, and about 18% 
were current cannabis users (Table 1). AH was present in 87 (22.4%) 
of patients, T2D in 26 (6.7%), and 80 (20.6%) were overweight 
(Table 1). As the number of patients in group 1 was low (N=12), they 
were merged into group 2; similarly group 4 (N=8) was merged with 

http://www.mocatest.org/
http://www.mocatest.org/
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group 3, leading to the creation of the following three groups: group 
1, BMI <25; group 2, 25≥ BMI<30; and group 3, BMI>=30. 

Cognitive Status at Admission
A univariate analysis found that MoCA score son admission were 

not statistically different in the three BMI groups: 21.8±3.8 (group 1); 
22.0±3.2 (group 2); and 22.0±3.7 (group 3) (Table 2). Similarly, no 
significant differences in MoCA scores were observed as a function of 
the presence of AH compared to normal arterial tension (22.0±3.6 vs 
21.9±3.6), and T2D compared to no diabetes (22.2±2.8 vs 21.9±3.6) 
(Table 2). While the analysis of education level showed that patients 
with a high education level had higher MoCA scores than those with a 
lower education level, here again, there were no significant differences 
according to BMI group, AH, or T2D status (data not shown).There 
were also no significant differences in MoCA scores as a function of 
the duration of alcohol abuse, daily alcohol consumption, smoking 

status, or family history of alcohol abuse (data not shown).

Cognitive Status at Discharge
The analysis found that MoCA scores increased significantly 

during the hospital stay (Table 2). However,scores at discharge did 
not differ as a function of BMI group, AH or T2D status, or education 
level (Table 2). 

Improvement in Cognition between Admission and 
Discharge

The improvement in cognition was assessed as the difference 
between the patient’s MoCA score at discharge minus their score at 
admission. The analysis found no difference in improvement between 
the three BMI groups (Table 3), and the result was similar when BMI 
was considered as a continuous variable (data not shown). Similarly, 
there was no difference in cognitive improvement as a function of 
T2D status. However, MoCA improvement was significantly lower 
among patients with AH compared to those without (2.0±3.1 vs 
3.0±2.8, p<0.02).

Linear Mixed-Effects Models
In order to check whether this difference was a result of chance, 

we ran a linear mixed model analysis. Our first model showed that 
the Time dummy was significant (B=2.80, p<.001), and our second 
model showed that neither the BMI score (B=.02, p=.51) nor the 
BMI x Time interaction (B=−.01, p=.60) were significant. Our third 
model showed that the AH dummy was not significant (B=.06, 
p=.88), but that the AH x Time interaction was (B=−.99, p=.005). The 
fourth model showed that neither the T2D dummy (B=.26, p=.71), 
nor the Time x T2D interaction (B=−.82, p=.17) were significant. 
We incorporated all covariates in the fifth model. Education level 
was included as a covariate in this model since it has been shown 
to be significantly associated with cognitive status. Here, we found 
significant and positive effects of the Time dummy (B=3.03, p<.001) 
and education (B=.49, p<.001) on the MoCA score. The Time x AH 
interaction remained significant (B=−1.00, p=.005) (Table 4), and this 
result showed that the increase in the MoCA score after six weeks 
of rehabilitation was higher for patients with no AH compared to 
patients with AH. All remaining predictors were not significant.

N 387

Age (years) 50.4±9.6

Sex (%M/%F) 69.3/30.7

Married (%) 33.9

Employed (%) 15.6

Education level (%)

≤12 y 83.9

>12 y 16.1

Alcohol (g/d) 208±121

Age at AUD onset (%) 33.5±11.4

Family history of AUD 39.2

Active smoker (%) 72.4

Cannabis user (%) 17.8

Other drugs (%) 4.6

Diabetes (%) 6.7

AH (%) 22.4

BMI (%) <25 49.1

25>= BMI<30 30.5

>= 30 20.4

Table 1: Socio-demographic and addiction data.

BMI group N MoCA_A MoCA_D

1   <25 190 21.8±3.8 24.7±3.5*

2   >= 25 &<30 118 22.0±3.2 24.2±3.8*

3   >= 30 79 22.0±3.7 24.7±3.3*

AH

No 300 21.9±3.6 24.9±3.2*

Yes 87 22.0±3.6 24.0±3.6*

Diabetes

No 361 21.9±3.6 24.8±3.3*

Yes 26 22.2±2.8 24.2±3.9*

Table 2: MoCA scores at admission (MoCA_A) and discharge (MoCA_D) as a 
function of BMI group, and AH and T2D status.

* p<0.01 vs MoCA_A

All patients N Delta_MoCA

387 2.8±2.9

BMI group

1   <25 190 2.7±2.9

2   >= 25 &<30 118 2.7±2.8

3   >= 30 79 2.9±3.0

HTA

No 300 3.0±2.8

Yes 87 2.0±3.1*

Diabetes

No 361 2.8±2.8

Yes 26 2.0±3.2

Table 3: Improvement in MoCA scores as a function of BMI group, and AH and 
T2D status.

p=0.02 vs absence of HTA
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Discussion
Increasing life expectancy has led to a search for ways to preserve 

normal cognitive capacity, and to identify and target those at risk of 
neurological disorders [26]. The latter notably include obese people 
and those who consume an excessive amount of alcohol. Obesity, 
in particular, has become a major contributor to the global burden 
of chronic disease, specifically among patients who suffer from T2D 
and AH, as, over the past three and a half decades, its prevalence has 
nearly doubled worldwide [27]. According to the WHO, more than 
one billion adults worldwide are now overweight and, of these, it is 
estimated that about 300 million are obese (please see https://www.
who.int/dietphysicalactivity/media/en/gsfs_obesity.pdf, accessed 
June 8, 2022). Excessive drinking alone accounts for 7.1% and 2.2% of 
the global burden of disease among males and females, respectively.

As both obesity and AUD are independently associated with 
cognitive impairment, we hypothesized that the combination of 
these two factors might lead to more severe impairment. However, 
our results, based on a large sample of patients, did not validate this 
hypothesis. At admission, cognitive functioning assessed with the 
MoCA did not significantly differ according to the patient’s BMI 
group. Moreover, there were no differences in cognitive performance 
as a function of their AH or T2D status. As our results differ from 
earlier work, it is reasonable to suspect that they might be biased by 
one or several confounding factors.

Although a negative association between anthropometric 
measures of obesity (e.g., BMI, waist circumference) and a number 
of cognitive domains has been reported [4], a direct effect of obesity 
on cognition has not been consistently found [13,28]. This may be 
due to the mediating influence of a number of obesity-associated 
comorbidities that are known to adversely impact cognitive 
performance, notably T2D, hypertension, hypercholesterolemia, and 
insulin resistance [26].

The main difference between our study and earlier work is that 
our patients were heavy drinkers. Excessive alcohol consumption isa 
powerful driver of brain injury and the effects are similar to those 
associated with aging, as reported by Pfefferbaum et al. [29]. The 
latter authors showed that neuroanatomical changes in AUD patients 
were similar to those associated with aging, and mostly characterized 
by cerebral atrophy, specifically in the frontal lobes. Moreover, 
recent longitudinal data [30] have demonstrated that heavy alcohol 

consumption accelerates brain aging and that, for a given age group, 
an alcoholic brain is ten years older than that of a non-alcoholic. 
Altogether, these data suggest that heavy drinking might exacerbate 
other causes of cognitive impairment. A supplementary argument 
in this regard is that the present study found that MoCA scores 
of cognitive performance significantly improved six weeks after 
alcohol withdrawal. Earlier work has reported that stopping alcohol 
is consistent with an improvement in MoCA scores [6]. However, 
the detailed analysis performed here shows that the presence of AH 
significantly reduced any cognitive improvement, unlike T2D status 
and BMI group.

It is now well-known that overweight leads to the appearance of 
inflamed, dysfunctional adipocytes, which secrete both locally and 
systemically proinflammatory cytokines [31]. This inflammatory 
state is presumed to be responsible, at least in part, for cognitive 
alteration. The results of neuropsychological tests in people 
with diabetes (especially Type 2) have found mild or moderate 
cognitive dysfunction [32]. This cognitive decline could be related 
to inflammatory changes in the brain, as shown in a prospective 
study [33]. Diabetes is characterized by both insulin resistance, and 
increased expression of several pro-inflammatory cytokines such as 
interleukin IL-1, IL-6, and tumor necrosis factor [34]. Moreover, 
elevated levels of proinflammatory cytokines in the brain of mice 
correlate with results of behavioral tests [35].

Alcohol-related cognitive dysfunction is thought to be mediated 
by inflammation. Excessive drinking is associated with an increased 
level of bacterial endotoxins (mainly lipopolysaccharides), which lead 
to oxidative stress by increasing the production of reactive oxygen 
species [36]. The latter damage neurons through interactions with 
Toll-like receptors and/or pro-inflammatory cytokines [9].

Cognitive impairment in patients with AH is often related to 
vascular dementia. AH-related cognitive impairment is considered 
to be due to vessel injuries, such as luminal narrowing, stiffness, and 
micro-infarction. These wounds have been found to lead to reduced 
brain perfusion [37] and smaller total, cortical, and hippocampal 
brain volumes [38]. In addition to vascular injury, inflammation also 
plays a role in the maintenance of hypertension [39].

Altogether, of the four factors associated with cognitive 
impairment that are analyzed in this work, three have a mechanism 
that is related to inflammation, and one is directly linked to vascular 
injury, and indirectly to inflammation. Inflammation is a reversible 
process. In overweight patients, a low-calorie or low-fat diet followed 
for about 12 weeks was found to lead to a significant decrease in 
C-reactive protein and IL-6, and this was associated with both a 
weight reduction and an improvement in insulin resistance [40]. 
Similar results have been observed following bariatric surgery [41].

Drinking cessation is also associated with a reduction in 
inflammation, which can occur faster. A longitudinal study 
performed on a sample of 40 AUD patients showed that two 
weeks after alcohol withdrawal, the percentage of IL-6-producing 
monocytes had significantly fallen [42]. Moreover, reactive oxygen 
species are produced during alcohol metabolism by the cytochrome 
P450IIE1, which is induced by excessive drinking. It has been shown 
that following cessation, the P450-Alc level rapidly falls, and returns 
to a normal value as early as the fifth day of abstinence [43].

Factor Fixed effects Random effect (intercept)

B S.E. C.R. p value Variance S.D.

- - - - 6.30 2.51

Time 3.02 .16 18.25 <.001 - -

AH .13 .41 .313 .75 - -

T2D −.10 .61 −.165 .87 - -

BMI .05 .03 1.70 .09 - -

Education .49 .05 8.79 <.001 - -

Time*AH −1.00 .35 −2.82 .005 - -

Table 4: Parameter values from the fifth mixed-effects model, with the MoCA 
score as the dependent variable.

Note: B=unstandardized Regression coefficient, S.E.=Standard Error, 
C.R.=critical ratio, S.D.=Standard Deviation, AH= Arterial Hypertension.

https://www.who.int/dietphysicalactivity/media/en/gsfs_obesity.pdf
https://www.who.int/dietphysicalactivity/media/en/gsfs_obesity.pdf
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The reduction in inflammation following alcohol withdrawal 
might explain the following slight improvement in blood pressure. 
However, vascular lesions remain unchanged for a long time. 
In a sample of hypertensive patients, assessed over a successful 
one-year anti-hypertensive treatment, no significant anatomical 
modifications were observed [44]. This is consistent with a critical 
review which claimed that there is no convincing evidence from 
randomized controlled trials that lowering blood pressure prevents 
the development of cognitive impairment [45]. Altogether, an 
alcohol-induced reduction in inflammation appears to be insufficient 
to improve the patient’s cognitive status, as vascular lesions remain 
unchanged. 

The lack of a correlation between cognitive impairment, diabetes 
and overweight in AUD patients indicates that the effect of alcohol 
‘overwhelms’ other effects related to obesity and diabetes. This 
could be explained, at least in part, by the very high average alcohol 
consumption in our population. Nevertheless, it is more likely that 
there is a direct link between obesity and cognitive disorders, since 
cognitive functions improve with weight loss, as demonstrated in 
studies following bariatric surgery [46,47]. Altogether, our results 
confirm the impact of AH on cognitive dysfunction, including in 
patients with severe AUD. Monitoring blood pressure is, therefore, 
an important preventive measure in these patients.
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