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David Aguillónb, Christian Cordanoe, Lucı́a Madrigalb,
Daniel C. Aguirre-Acevedoc and Francisco Loperab

aGlobal Brain Health Institute, San Francisco, CA, USA
bGrupo de Neurociencias de Antioquia of Universidad de Antioquia, Medellı́n, Colombia
cFacultad de Medicina of Universidad de Antioquia, Medellı́n, Colombia
dMemory and Aging Center of University of California San Francisco, San Francisco, CA, USA
eDepartment of Neurology of the University of California, San Francisco, San Francisco, CA, USA

Accepted 15 November 2021
Pre-press 17 December 2021

Abstract.
Background: Cigarette smoking is a known risk factor for Alzheimer’s disease (AD). However, the association between
neurodegeneration and other substances has not been fully determined. It is of vital importance to evaluate this relationship
in populations at high risk of dementia. Since substance use possibly modifies the progression rate of cognitive decline, we
studied this association in a unique and well-phenotyped cohort from the University of Antioquia: carriers of the PSEN1-E280A
genetic variant.
Objective: To determine the association between substance use and cognitive decline in carriers of the PSEN1-E280A genetic
variant.
Methods: A retrospective cohort study was conducted with 94 carriers and 69 noncarriers recruited between January 2019 and
April 2020. A psychiatrist interviewed the participants using the Consumption of Alcohol, Cigarettes and other Substances
questionnaire. The participants were also submitted to cognitive evaluation. The relationship between cognitive decline and
substance use was explored through a mixed effects regression model.
Results: There was an association between cigarettes and better performance on tasks related to perceptual organization,
verbal fluency, and memory in carriers. Alcohol had a positive or negative effect on memory according to the type of alcoholic
beverage. Results on marijuana use were no conclusive. Coffee was associated with progressive improvements in executive
function and verbal fluency.
Conclusion: Cigarette and alcohol were associated with an improvement of some cognitive assessments, possibly by a
survival bias. In addition, coffee was related to improvements in executive function and language; therefore, its short-term
neuroprotective potential should be studied.
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INTRODUCTION

Research on risk factors for Alzheimer’s disease
(AD) has increased significantly in recent years,
addressing from apparently nonmodifiable genetic
factors to potentially modifiable environmental and
lifestyle factors [1, 2]. In developing countries, the
important and potentially modifiable risk factors for
sporadic AD include cerebrovascular disease (stroke,
hypertension, dyslipidemia, hyperinsulinemia, type
2 diabetes, obesity, etc.), negative conditions in
childhood (brain development abnormalities, growth
retardation, low socioeconomic status, poor envi-
ronmental enrichment, childhood head trauma, low
cognitive reserve), and nutritional factors (diets rich
in saturated fat and low in fiber, among other dietary
factors) [2–4].

It is well known that substance abuse is associated
with accelerated aging, which occurs when biological
age exceeds chronological age, causing an older-per-
son phenotype to the consumers [5]. Substances
such as alcohol, cigarettes and other psychoactive
substances catalyze the aging process by a direct
cytotoxic effect and by their association with certain
risk behaviors and habits such as exposure to sexu-
ally transmitted infections or intravenous substance
use, limited use of health care services, poor sleep
quality, insufficient exercise, and malnutrition [5].
Infections, sleep disorders, sedentary lifestyle, and
malnutrition lead to vascular aging and generate neu-
rotoxicity through several mechanisms that truncate
cell growth and favor apoptosis [5].

In sporadic AD, low alcohol consumption has been
associated with a decreased risk of dementia [6, 7],
but a moderate consumption has been related to hip-
pocampal atrophy and a faster decline in lexical flu-
ency in cognitive tests [8]. Cigarette smoking has
also been associated with cognitive impairment and
an earlier AD onset, which is possibly explained by
the relationship between smoking and cardiovascu-
lar disease, in addition to exposure to the neurotoxins
present in cigarettes (RR for dementia 1.6, 95% CI
1.15 – 2.20) [2, 9]. Regarding cocaine, different stud-
ies have shown that this substance is associated with
worse performance in language [10], executive func-
tion [11], and memory [11], although there does not
seem to be a clear relationship between cocaine use
and subsequent risk of dementia. Conversely, can-
nabinoids seem to have a neuroprotective role in AD,
may be explained by their propensity to reduce glu-
tamatergic transmission, prolong calcium influx, and

oxidative stress [12]. Finally, caffeine has also been
considered a substance with a possible anti-amyloid
effect capable of reducing the extracellular levels of
A�40/42 and A�42 oligomers [13], in addition to rap-
idly decreasing the concentration of A�42 in
plasma after acute administration of this substance
[14].

All the above seems to be related to patients with
late or sporadic AD, groups of people who frequently
show significant differences in disease progression.
In contrast, little is known about the possible interac-
tions between substance use and the genetic forms of
AD, although some studies suggest potentially impor-
tant interactions. For example, a recent publication
on carriers of the PSEN1-E280A genetic variant sug-
gests that alcohol and cigarette consumption may be
related to the rate of cognitive decline in this pop-
ulation [15]. It would be of great interest to know
whether individuals with pathological genetic vari-
ants with high penetrance have an accelerated or
slowed decline due to consumption, which could be
reflected in an age of dementia onset different from
that of others with a similar genetic risk but without
exposure to a certain psychoactive substance. Har-
wood et al. [16] report that the consumption of two or
more alcoholic beverages per day is associated with
an onset of dementia 4.1 years earlier than in abstain-
ers (p < 0.05). There were also differences in the age
of disease onset among individuals with a history of
heavy smoking (smoking ≥ 1 pack/day), presenting
the disease 2.92 years earlier than individuals with-
out this condition. When the presence of three risk
factors in the same patient was considered, that is,
one or two APOE �4 alleles, in addition to heavy
alcohol and cigarette consumption, the age of onset
of dementia was reduced by up to ten years com-
pared to that of patients without these conditions.
Therefore, substance use emerges as an important
modifiable risk factor for both sporadic and familial
AD, but more data are needed on how exposure grad-
ually decreases cognitive performance until ending
in dementia [6].

This exploratory study investigated the association
between the use of alcohol, cigarettes, cocaine, mari-
juana, and coffee and the progression rate of cognitive
decline in carriers of the E280A (Glu280Ala) genetic
variant in the presenilin-1 gene, which causes early
familial AD and has complete penetrance [17]. We
hypothesized that substance consumption modifies
the progression rate of cognitive decline in the E280A
genetic variant carriers, as in the sporadic forms
of AD.
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METHODS

A historical cohort design was adopted, taking as
the start point for follow-up the date of birth of each
of the participants and as the end point the date of
patient assessment using for measuring the lifetime
consumption (type and amount) of alcohol, cigare-
ttes, and other substances. This study followed the
ethical guidelines of the Declaration of Helsinki
(2013 revision) and resolution no. 8430 of 1993 of
the Ministry of Health of the Republic of Colombia,
which guarantees the rights of people participating in
medical research. Before data collection, this study
was approved by the Bioethics in Human Research
Committee of the University Research Headquarters
(Sede de Investigación Universitaria - SIU) of the
University of Antioquia. Participants provided writ-
ten informed consent before enrollment into the
study.

Participants

Individuals 30 years old or older who belonged to
a large cohort of 6,000 living members of the PSEN1
E280A kindred, in Antioquia (Colombia) [18, 19],
had been genotyped for this mutation, and had under-
gone a minimum of two to three neuropsychological
assessments performed at the Neurosciences Group

of Antioquia (Grupo de Neurociencias de Antioquia
– GNA). Carriers and noncarriers were invited to
participate in the study with the sole objective of
maintaining blinding with respect to the genetic status
of the asymptomatic participants. Participants could
be healthy or be in any of the different stages of the
disease, from pre-MCI to dementia. Those with illit-
eracy or a personal history of stroke, epilepsy, severe
head trauma, acquired immunodeficiency syndrome
(AIDS), or poorly controlled chronic diseases prior
to the onset of dementia due to AD were excluded.
Regarding the sample size calculation, given that
there is a previously defined cohort with a fixed sam-
ple size [15], the statistical power estimates were
calculated for effect detection using the formula pro-
posed by Diggle, assuming that with an intraclass
correlation coefficient (ICC) = 0.70, an � error = 0.05
for the estimation of a minimum standardized effect
of 0.30, with 81 carriers, and 3 or more assessments
per individual, the power was 90%.

Randomly, there were 317 individuals from the
GNA database (Fig. 1). Of those participants, we
could contact just 181 because the rest, 136 candi-
dates, lived abroad or in another city, were part of a
clinical trial, passed away, the phone number of invit-
ing them was not available anymore, did not have
enough time to participate or, refused to be inter-
viewed. Therefore, we do not know if some traits

Fig. 1. Participants’ selection process.
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were relevant to the study, which made those 136 can-
didates different from the participants. It could mean
that the results are not generalizable to the complete
set of PSEN1 E280A kindred, turning into a possible
source of bias.

Data collection

Data were collected between January 25, 2019, and
April 29, 2020. Simple random probabilistic sam-
pling was performed for the selection of possible
participants; that is, individuals different from the
evaluators identified the potential participants from
the database of the GNA Information System. For eth-
ical reasons, at no time was the genetic status of any
subject revealed to the professionals who conducted
the interviews or to the participants.

The selected family members were invited to par-
ticipate by telephone and were informed about the
need to attend a meeting with the researchers to
receive complete information about the study. The
meeting with each participant was held in one of the
GNA facilities or at the home in the case of partici-
pants who already had dementia due to AD and were
bedridden, and it was the caregiver or a close rel-
ative who would provide the patient’s information.
The informants of patients with dementia had to be
people who had known them well throughout their
life, even when they were healthy, that is, without
cognitive decline.

A psychiatrist applied the Consumption of
Alcohol, Cigarettes and other Substances (CACoS)
questionnaire. The assessment of each participant
took between one and two hours. The CACoS instru-
ment, designed specifically for this study, had the
objective of facilitating the measurement of the
amount, frequency, and severity of the consump-
tion of different psychoactive substances, not only at
present but also throughout the participant’s lifetime.

The presence of mental and behavioral disorders
due to alcohol, tobacco, and other psychoactive sub-
stances was determined according to the fifth version
of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5) [20].

For the collection of cognitive data on the selected
index subjects, the data previously obtained in the
standard neuropsychological assessment batteries at
the GNA were reviewed, which included 1) the
test battery of the Consortium to Establish a Reg-
istry for Alzheimer Disease (CERAD) [21]; 2) the
Mini-Mental State Examination (MMSE) [22]; 3) the
Subjective Memory Complaints Checklist, applied to

both the participant and the informant [21, 23]; 4) the
Yesavage scale for depression [24, 25]; 5) the Zung
scale for depression [26]; 6) functional scales includ-
ing the Functioning Assessment Short Test (FAST)
[27], Barthel Index [28, 29], Katz Index [30, 31]
and Lawton & Brody Scale [32, 33]; and 7) Raven’s
Progressive Matrices [34].

CACoS questionnaire

This instrument was developed by the authors to
specify the amount, frequency, and severity of con-
sumption of different psychoactive substances, both
recently and over the lifetime, which combines ele-
ments of four different tools: 1) Inter-American
System of Uniform Data about Drug Consump-
tion (SIDUC) [35]; 2) Diagnostic Interview for
Genetic Studies, version 3.0 (Spanish version) [36];
3) Lifestyle: Alcohol use, from the Study for Osteo-
porotic Fractures (SOF) - Collection Forms; 4)
Recommended Alcohol Questions, from the National
Institute on Alcohol Abuse and Alcoholism [37].
The time for the administration of the instrument
was approximately 1 hour, and it was applied both
in the index subject (person who was asked about
the amount, frequency, and severity of consumption)
and in the companion(s) who agreed to participate in
the study. Potential participants with a diagnosis of
dementia who still retained their ability to assent but
did not accept having a person other than themselves
being interview could not participate in the study,
given the possibility that the information provided
solely and exclusively by them would be unreliable
when analyzing the results. In the case of compan-
ions of index subjects with severe dementia without
the ability to assent, if they agreed to participate, they
were interviewed at the GNA facilities, at their home
or in a place near it.

To choose the informant of the participants with
dementia, some of the recommendations made by
Vandeleur et al. to estimate the prevalence of sub-
stance use disorders according to family reports were
followed [38]: 1) assign a diagnosis if at least 50%
of the informants report a positive history for the
use of the substance, regardless of how many fam-
ily members deny history of substance use; 2) ideally
interview the partners or children of the index sub-
ject; 3) take into account that the female sex in index
subjects is associated with a better consensus among
informants for all substance use disorders. To explore
the interrater reproducibility of the questionnaire, 20
participants and 20 informants were interviewed by
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telephone or in person by two different investigators
(CR and CV). According to Gwet’s AC1, in the inter-
views, there was a kappa greater than 0.8 for current
substance use disorders for cigarettes (kappa 0.95,
95% CI: 0.83–1.0), cocaine (kappa 0.95, 95% CI:
0.83–1.0), and coffee (kappa 0.95, 95% CI: 0.83–1.0)
and for previous substance use disorders for cigarettes
(kappa 0.94, 95% CI: 0.82–1.0), alcohol (kappa 0.94,
95% CI: 0.81–1.0), and marijuana (kappa 0.95, 95%
CI: 0.83–1.0) (data not shown).

Exposure variables

Alcohol drinking was analyzed according to the
National Institute on Alcohol Abuse and Alcoholism,
NIAAA, which defines heavy drinking as follows: a)
for men, consuming more than 14 standard drinks
per week; b) for women, consuming more than seven
standard drinks per week [39]. The participants were
asked about what type of alcoholic drink they used to
take along different periods of their lives, and every
type of alcohol was measured according to the stan-
dard units each one sized as follows 1) beer = 341 mL
(12 oz); 2) wine = 150 mL (5 oz); 3) drinks with 40%
or higher percentage of alcohol (rum, tequila, aguar-
diente, whiskey) = 44 mL (1.5 oz) [39].

Smoking was analyzed as a) presence or absence of
cigarette consumption throughout life; b) consump-
tion of at least 100 cigarettes throughout life [36];
and c) pack-year index, that was calculated by multi-
plying the number of packs of cigarettes smoked per
day by the number of years the person has smoked
[40].

Marijuana and coffee were analyzed as a) presence
of absence of the substance consumption throughout
life; b) substance (daily use) index, that was calcu-
lated by multiplying the number of units of marijuana
or coffee per day by the number of years the person
has consumed the substance daily; and c) substance
(occasional use) index, that was calculated by multi-
plying the number of units of marijuana or coffee per
day by the number of years the person has consumed
the substance occasionally.

Neuropsychological assessment

GNA monitors the members of families with AD
caused by the genetic variant PSEN1-E280A through
medical and neuropsychological assessments. The
CERAD test battery used to monitor these families is
a Spanish version adapted to the cultural and linguis-
tic idiosyncrasies of this population. This battery has

the following sections: 1) verbal fluency; 2) naming;
3) MMSE; 4) word memory; 5) constructional praxis;
6) word recall; 7) word recognition; and 8) line draw-
ing recall [15]. To determine the speed of cognitive
decline in both carriers and noncarriers relative to the
consumption of different psychoactive substances,
the scores of the different tests used by Acosta et al.
[21] were analyzed:

Attention
Trail making test, part A (correct answers, errors

and test duration) [41, 42].

Memory
Rey-Osterrieth complex figure test (recall, dura-

tion of the recall test, retention percentage) [43], word
list test (correct answers, recall, word list recogni-
tion – “Yes” recognition and “No” recognition) [44],
recall of the line drawing test or constructional praxis
test – recall [45].

Language
Categorical verbal fluency test for animals [45] and

abbreviated Boston naming test (15 items) [45].

Constructional praxis
Constructional praxis test and Rey-Osterrieth com-

plex figure test (copy and duration of the copy test)
[43].

Abstract reasoning
Raven’s test (part A) [34].

Executive function
Wisconsin Card Sorting Test (WCST) (correct

answers, errors, perseverative errors, categories and
conceptual answers) [21] and phonological verbal
fluency test [15, 21, 45].

Subjective memory complaints checklist
It is a scale composed of 15 questions about the

patient’s current memory. To apply this instrument, it
is necessary to interview a family member, who com-
pletes the family complaint’s part, and the participant,
who completes the patient complaint’s part. The final
score is the mean of the sum of the family complaints
score and the patient complaints score [23].

Activities of daily living (ADL) assessment

Other tests applied during the follow-up of this
cohort were “activities of daily living” assessments as
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the FAST Scale [27], the Barthel Index [28, 29], the
Katz Index [30, 31], and the Lawton & Brody Scale
[32, 33]. These tests were administered at the follow-
up visits to evaluate the participant’s cognition and
functionality.

Statistical analysis

The reproducibility of the CACoS questionnaire
was evaluated by measuring the kappa, weighted
kappa, and Lin correlation coefficients. The sociode-
mographic characteristics of the population were
described by frequencies and percentages for the
qualitative variables and measures of central ten-
dency and dispersion for the quantitative variables
after testing the data distribution using the Shapiro-
Wilk test and visual scanning of normality plots.
Age was centered at 20 years to be able to inter-
pret the intercept, that is, to know what the expected
score would be in the cognitive or functional vari-
able of interest, assuming that individuals began to
be observed after the age of 20. To explore the possi-
ble associations between the lifetime consumption of
different psychoactive substances and the progression
rate of cognitive decline in carriers of the mutation,
a mixed effects regression model was used, using the
lmer function of the lme4 package [46]. Given that
previous studies support the assumption that cogni-
tive decline is not a constant linear process [15], a
quadratic term was included to explore curvilinear
behavior in cognitive decline. A random intercept
model was adopted (centered at 20 years for ease of
interpretation), considering that there are variations
in the initial cognitive level among individuals; a ran-
dom coefficient associated with cognitive decline was
not included given the heterogeneity and limitations
in the number of assessments among patients; the
effect of all substance use-related variables and their
interaction with time (chronological age at which
the assessment was performed) was included as a
fixed effect to evaluate changes in the rate of cogni-
tive decline, under the hypothesis that some patients
may have a more rapid, stable or slow progression in
behavior on the evaluated cognitive tasks. Although
each variable was analyzed through a linear model,
some variants were transformed to a beta-binomial
model as a sensitivity analysis: MMSE, Boston Nam-
ing Test, Word List Recall, Word List Recognition,
Constructional Praxis, Constructional Praxis Recall,
and WCST Categories (see Supplementary Material).
The 95% confidence interval (95% CI) was included
for each coefficient, and all analyses were performed

with the statistical software R version. 4.0.5 [47] and
RStudio [48].

RESULTS

Figure 1 illustrates the participant selection pro-
cess. A total of 317 potential participants who met
the inclusion criteria were identified in the GNA
database. Of this group, 81 people lived in other cities

Table 1
Demographic traits of the PSEN1 E280A carriers

Characteristics Carriers n = 94

Frequency

Female gender (%) 53 (56.4)
Age

Mean (SD) 40.8 (9.33)
Median [Q25, Q75] 37.5 [33.0, 48.0]

Years of schooling
Mean (SD) 9.31 (4.51)
Median [Q25, Q75] 11.0 [5.00, 12.0]

Laterality (%)
Right-handed 89 (94.7)
Left-handed 4 (4.3)
Ambidextrous 1 (1.1)

Civil status (%)
Single 31 (33.0)
Married or in union 53 (56.4)
Separated, divorced 10 (10.6)

or widowed
Religion (%)

Catholic 89 (94.7)
Protestant 2 (2.1)
Other 3 (3.2)

Job (%) ∗
1 = Managers and professionals 8 (8.5)
2 = Technicians, sellers, 23 (24.5)

and administrative assistants
3 = Cleaning, surveillance, 22 (23.4)

and other service occupations
4 = Agriculture 5 (5.3)
5 = Mechanics and artisans 4 (4.3)
6 = Operators, manufacturers, 12 (12.8)

and laborers
7 = Others 20 (21.3)

Hypertension (%) 9 (9.6)
Diabetes (%) 3 (3.2)
Dyslipidemia (%) 9 (9.6)
Heart valve disease (%) 1 (1.1)
Cognitive status (%)

Healthy 58 (61.7)
MCI 4 (4.3)
Dementia 32 (34.0)

MCI age
Mean (SD) 42.8 (4.76)
Median [Q25, Q75] 42.0 [39.8, 45.0]

Dementia age
Mean (SD) 46.8 (4.65)
Median [Q25, Q75] 46.0 [44.0, 49.3]

∗Job in people with dementia refers to the job before the cognitive
impairment onset. MCI, mild cognitive impairment.
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or countries, 6 were participating in another study of
the group, which prevented them from participating
in this study, and one subject had died. Of the 229
remaining subjects, 181 were contacted. Of the lat-
ter group, 18 refused to participate due to lack of
time or other reasons that they did not share with the
investigators.

Of the 163 people who agreed to participate in the
study, 94 were carriers of the PSEN1-E280A genetic
variant (Table 1). The mean age of the carriers was
40.8 years, and the median age was 37.5 years. The
mean number of years of schooling in this group was
9.31, with a median of 11.0 years. Of the 94 carriers,
there were 36 individuals with some degree of cog-
nitive impairment, whether it was MCI or dementia.
Table 2 shows information on the lifetime consump-
tion of different psychoactive substances in carriers.

CACoS interview

According with Gwet’s AC1, there was an agree-
ment > 0.8 for a current consumption disorder of
substances as cigarette, cocaine, and coffee (0.95,
CI95% 0.83–1.0); and for a previous consumption
disorder of cigarette (0.94, CI95% 0.82–1.0), alcohol
(0.94, CI95% 0.81–1.0), and marijuana (0.95, CI95%
0.83–1.0).

History of lifetime substance consumption and
decline rate

There was an interaction between smoking more
than 100 cigarettes throughout life and age in the per-
ceptual organization evaluated by the Rey-Osterrieth
complex figure copy, producing an increase of 0.595
points/year among carriers who smoke versus non-
smoking carriers (95% CI 0.050–1.140), and in the
Reisberg FAST score, producing a decrease of 0.219
points/year among smokers versus nonsmokers (95%
CI –0.362––0.076) (Table 3).

For alcohol, only one statistically significant ass-
ociation was observed between drinking > 7 units/
week for women or > 14 units/week for men when the
carriers were 19 to 40 years old, and age. Specifically,
in the Barthel index, the interaction between alcohol
consumption and age increased by 1.472 points/year
among carriers who drank more than 7 or 14 units
versus carriers who did not (95% CI 0.708–2.237)
(Table 3).

Regarding a history of lifetime marijuana con-
sumption, on the categorical verbal fluency test for

animals, an interaction between marijuana consump-
tion and age was evidenced, producing an increase
of 0.375 words/year among carriers who consumed
marijuana at some point in life versus carriers who
did not consume marijuana (95% CI –0.007 – 0.757)
(Table 3).

An interaction between marijuana consumption
and age was also observed on the Rey-Osterrieth com-
plex figure. Regarding the retention percentage, there
was an interaction between marijuana consumption
and age, producing an increase of 2.614% of reten-
tion among carriers who consumed marijuana at some
point in life versus non consuming carriers (95% CI
0.431–4.798) (Table 3).

Last, regarding some stimulant substances, it was
found that, unlike cocaine, for which there were no
significant interactions, coffee seems to favor per-
formance on the categorical verbal fluency test for
animals and on the WCST. On the categorical ver-
bal fluency test for animals, an increase of 0.313
words/year (95% CI –0.020–0.646) was observed
among carriers who consumed coffee daily through-
out the lifetime. Regarding conceptual answers on the
WCST (correct responses in groups of 3 or more), an
increase of 0.950 points/year (95% CI 0.128–1.772)
was observed among carriers who consumed coffee
daily throughout the lifetime versus no consumers
(Table 3).

Relationship between amount consumed and
decline rate

Although the amount consumed ∗ follow-up time
interaction coefficients were very small for carriers of
the PSEN1-E280A variant in all cases, the results sug-
gest some cognitive effect of different psychoactive
substances. For example, regarding the consumption
of aguardiente (a sugarcane spirit) between 19 and
30 years of age, the following was evidenced for the
word list test – correct answers: for each additional
unit of aguardiente consumed in this age range, and
for each year of life, there was an expected increase of
0.023 points on this test (95% CI 0.003–0.044). This
figure, although statistically significant, is very small,
which suggests that a significant number of years of
follow-up or a certain number of units of aguardiente
would be required to observe a relevant effect from
the clinical standpoint. The same could be argued for
the consumption of aguardiente between 19 and 30
years for the word list test – recall (observed esti-
mate 0.011 points, 95% CI 0.001–0.021) and for the
consumption of aguardiente at age above 30 years
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Table 2
Substance consumption throughout life of the PSEN1 E280A carriers

Substance Carriers n = 94

Frequency

Cigarette consumption along life, yes (%) 44 (46.8)
Age of cigarette consumption 1st time

Mean (SD) 16.8 (4.61)
Median [Q25, Q75] 16.5 [33.0, 48.0]

No. years smoking
Mean (SD) 14.9 (13.1)
Median [Q25, Q75] 14.0 [2.75, 22.0]

Pack-year index (usual)∗

Mean (SD) 3.37 (10.4)
Median [Q25, Q75] 0 [0, 0.738]

Pack-year index (max)∗

Mean (SD) 5.23 (12.1)
Median [Q25, Q75] 0 [0, 2,33]

Alcohol consumption along life (%) 92 (97.9)
1st time alcohol consumption (age, y)

Mean (SD) 17.5 (3.69)
Median [Q25, Q75] 18.0 [15.0–20.0]

Alcohol consumption last 12 months (%)
Nothing 25 (26.6)
Yes, < 1 time/month 41 (43.6)
Yes, ≥ 1 times/month 28 (29.8)

No. drinks typical day last 12 months (%)
Nothing=0 25 (26.6)
1–4 = 3 35 (37.2)
5 –11 = 2 18 (19.1)
12 or more = 1 16 (17.0)

Max number of drinks in 24 h along life (%)
0 – 4 = 3 17 (18.1)
5 –17 = 2 35 (37.2)
18 or more = 1 42 (44.7)

No. of times marijuana use along life (%)
Never 66 (70.2)
Once along life 9 (9.6)
≥ 2 times along life 18 (19.1)
Unknown 1 (1.1)

Marijuana use daily along life (%) 13 (13.8)
AAO daily marijuana use along life (y)

Mean (SD) 16.0 (3.94)
Median [Q25, Q75] 15.0 [14.0, 18.0]

Marijuana index, daily use, typ. consumption∗

Mean (SD) 3.95 (16.3)
Marijuana index, daily use, max. consumption∗

Mean (SD) 5.94 (23.0)
No. of times cocaine use along life (%)

Never 77 (81.9)
1-2 times along life 5 (5.3)
≥ 3 times along life 12 (12.8)
Coffee use daily along life (%) 42 (44.7)

AAO daily coffee use along life (y)
Mean (SD) 19.4 (8.00)
Median [Q25, Q75] 18.0 [14.3, 20.0]

Coffee index, daily use∗

Mean (SD) 39.5 (115)
Coffee use some days along life (%) 39 (41.5)

AAO coffee use some days along life (y)
Mean (SD) 21.3 (10.1)
Median [Q25, Q75] 18.0 [15.0, 26.5]

Coffee index, some days∗

Mean (SD) 7.96 (12.4)
∗Pack-year index, No. of packs of cigarettes smoked per day times No. of years the person has smoked.
Marijuana index, number of units per day times number of years of consumption. Coffee index, number of
units per day times number of years of consumption. AAO, age at onset.
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Table 3
Effects of alcohol, cigarette, marijuana, and coffee on the cognitive profile of the PSEN1 E280A carriers (linear regression model), adjusting for age and schooling

Substance units Age estimates Substance ∗ age
estimate (CI 95%) (CI 95%) interaction

estimates (CI 95%)

Alcohol (> 7 units/week female;
> 14 units/week male between 18 and 40 y)
MMSE –1.812 (–4.525, 0.901) 0.078 (–0.086, 0.243) 0.267 (–0.103, 0.617)
Boston Naming Test 0.026 (–1.270, 1.323) 0.084 (0.015, 0.152) –0.054 (–0.204, 0.097)
Verbal fluency –0.539 (–3.894, 2.817) 0.446 (0.258, 0.634) 0.191 (–0.226, 0.608)
Word list memory –1.484 (–4.386, 1.418) 0.161 (–0.003, 0.325) 0.358 (–0.006, 0.722)
Word list recall –1.029 (–2.421, 0.363) 0.067 (–0.014, 0.148) 0.214 (0.034, 0.395)
Word list recognition –0.865 (–3.178, 1.448) 0.020 (–0.108, 0.148) 0.101 (–0.215, 0.416)
Constructional praxis 0.408 (–0.909, 1.725) 0.069 (–0.007, 0.144) –0.019 (–0.188, 0.150)
Constructional praxis recall –1.005 (–2.879, 0.870) 0.030 (–0.077, 0.136) 0.120 (–0.117, 0.358)
Trail making test, correct answers 0.222 (–0.777, 1.222) 0.019 (–0.044, 0.082) –0.045 (–0.195, 0.105)
Trail making test, errors –0.222 (–1.222, 0.777) –0.019 (–0.082, 0.044) 0.045 (–0.105, 0.195)
Trail making test, time (s) –10.951 (–46.493, 24.591) –4.378 (–6.533, –2.223) 2.310 (–2.499, 7.120)
Rey-Osterrieth complex figure, copy 1.117 (–3.630, 5.865) 0.596 (0.321, 0.872) –0.203 (–0.816, 0.410)
Rey-Osterrieth complex figure, time (s) –33.796 (–112.051, 44.458) –4.336 (–8.586, –0.087) 2.696 (–7.098, 12.490)
Rey-Osterrieth complex figure, recall –1.767 (–6.335, 2.802) 0.059 (–0.191, 0.308) 0.312 (–0.240, 0.864)
Rey-Osterrieth complex figure, recall time (s) –12.368 (–69.687, 44.952) 1.184 (–1.983, 4.351) –0.018 (–7.609, 7.573)
Rey-Osterrieth complex figure, retention % –5.455 (–27.193, 16.283) –1.451 (–2.625, –0.278) 1.449 (–1.264, 4.161)
WCST, correct answers 1.907 (–3.580, 7.395) 0.642 (0.302, 0.981) 0.151 (–0.605, 0.906)
WCST, categories 0.535 (–0.497, 1.567) 0.104 (0.040, 0.168) –0.002 (–0.145, 0.141)
WCST, % of perseverative responses 2.961 (–11.428, 17.349) –1.234 (–2.046, –0.421) –1.556 (–3.492, 0.381)
WCST, IC initial 4.880 (–3.946, 13.705) 0.004 (–0.491, 0.499) –0.790 (–2.045, 0.466)
WCST, conceptual level answers –0.540 (–7.983, 6.903) 1.229 (0.769, 1.690) 0.938 (–0.085, 1.960)
WCST, % conceptualization 2.335 (–16.604, 21.275) 1.518 (0.448, 2.588) 1.114 (–1.403, 3.631)
SMC, family member report –2.109 (–10.225, 6.006) –0.017 (–0.456, 0.422) –0.168 (–1.077, 0.740)
SMC, self-report 0.754 (–5.366, 6.874) –0.031 (–0.367, 0.305) 0.148 (–0.555, 0.851)
FAST 0.829 (–0.415, 2.072) –0.109 (–0.185, –0.034) –0.192 (–0.345, –0.039)
Barthel –6.115 (–11.881, –0.349) 0.452 (0.084, 0.819) 1.472 (0.708, 2.237)
Cigarette (> 100 cigarettes throughout life)
MMSE –1.578 (–4.160, 1.004) 0.069 (–0.101, 0.239) 0.277 (–0.043, 0.598)
Boston Naming Test –0.182 (–1.397, 1.033) 0.080 (0.009, 0.151) –0.032 (–0.170, 0.106)
Verbal fluency –2.423 (–5.563, 0.716) 0.384 (0.191, 0.576) 0.405 (0.034, 0.777)
Word list memory –1.562 (–4.286, 1.162) 0.114 (–0.054, 0.282) 0.451 (0.126, 0.776)
Word list recall –1.348 (–2.667, –0.030) 0.030 (–0.053, 0.113) 0.280 (0.119, 0.440)
Word list recognition –2.016 (–3.988, –0.045) –0.052 (–0.185, 0.082) 0.311 (0.060, 0.562)
Constructional praxis 0.020 (–1.228, 1.268) 0.059 (–0.019, 0.138) 0.009 (–0.142, 0.161)
Constructional praxis recall –1.412 (–3.170, 0.345) –0.035 (–0.144, 0.075) 0.332 (0.121, 0.543)

(Continued)
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(Continued)

Substance units Age estimates Substance ∗ age
estimate (CI 95%) (CI 95%) interaction

estimates (CI 95%)

Trail making test, correct answers 0.077 (–0.863, 1.018) 0.019 (–0.046, 0.084) –0.027 (–0.153, 0.099)
Trail making test, errors –0.077 (–1.018, 0.863) –0.019 (–0.084, 0.046) 0.027 (–0.099, 0.153)
Trail making test, time (s) 15.466 (–18.811, 49.743) –3.151 (–5.400, –0.903) –2.244 (–6.550, 2.061)
Rey-Osterrieth complex figure, copy –3.563 (–8.037, 0.912) 0.393 (0.109, 0.676) 0.595 (0.050, 1.140)
Rey-Osterrieth complex figure, time (s) –12.303 (–83.031, 58.426) –4.063 (–8.613, 0.487) 2.006 (–6.446, 10.457)
Rey-Osterrieth complex figure, recall –4.643 (–8.890, –0.396) –0.106 (–0.357, 0.146) 0.860 (0.369, 1.350)
Rey-Osterrieth complex figure, recall time (s) –0.514 (–50.900, 49.872) 0.477 (–2.883, 3.838) 3.098 (–3.188, 9.385)
Rey-Osterrieth complex figure, retention % –13.983 (–33.221, 5.256) –1.990 (–3.225, –0.755) 2.748 (0.443, 5.052)
WCST, correct answers 1.381 (–3.860, 6.622) 0.688 (0.334, 1.043) –0.140 (–0.805, 0.525)
WCST, categories 0.344 (–0.640, 1.328) 0.109 (0.042, 0.176) –0.034 (–0.159, 0.091)
WCST, % of perseverative responses 5.900 (–7.008, 18.809) –1.151 (–2.031, –0.271) –0.905 (–2.524, 0.714)
WCST, IC initial 0.945 (–6.712, 8.601) –0.045 (–0.578, 0.487) –0.058 (–1.051, 0.936)
WCST, conceptual level answers –2.803 (–9.970, 4.365) 1.260 (0.776, 1.744) 0.437 (–0.470, 1.344)
WCST, % conceptualization –2.012 (–19.013, 14.988) 1.473 (0.318, 2.628) 0.563 (–1.555, 2.682)
SMC, family member report 0.790 (–6.896, 8.476) 0.037 (–0.423, 0.497) –0.241 (–1.085, 0.603)
SMC, self-report –0.902 (–6.636, 4.833) –0.133 (–0.484, 0.217) 0.424 (–0.230, 1.077)
FAST 1.161 (–0.045, 2.367) –0.085 (–0.164, –0.007) –0.219 (–0.362, –0.076)
Barthel –4.775 (–10.435, 0.885) 0.424 (0.036, 0.811) 1.023 (0.313, 1.733)
Marijuana (any consumption throughout life)
MMSE –0.593 (–3.144, 1.957) 0.110 (–0.061, 0.282) 0.111 (–0.218, 0.440)
Boston Naming Test –0.262 (–1.472, 0.948) 0.067 (–0.003, 0.138) 0.018 (–0.121, 0.158)
Verbal fluency –3.192 (–6.311, –0.073) 0.376 (0.183, 0.569) 0.375 (–0.007, 0.757)
Word list memory –0.365 (–3.091, 2.361) 0.177 (0.008, 0.346) 0.231 (–0.103, 0.565)
Word list recall –0.987 (–2.314, 0.341) 0.049 (–0.034, 0.133) 0.207 (0.042, 0.372)
Word list recognition –0.781 (–2.724, 1.162) 0.003 (–0.141, 0.146) 0.082 (–0.171, 0.336)
Constructional praxis 0.068 (–1.164, 1.300) 0.064 (–0.014, 0.142) 0.002 (–0.151, 0.156)
Constructional praxis recall 0.002 (–1.761, 1.766) 0.023 (–0.087, 0.132) 0.112 (–0.105, 0.330)
Trail making test, correct answers 0.095 (–0.819, 1.009) 0.017 (–0.048, 0.083) –0.026 (–0.157, 0.104)
Trail making test, errors –0.095 (–1.009, 0.819) –0.017 (–0.083, 0.048) 0.026 (–0.104, 0.157)
Trail making test, time (s) 3.682 (–29.710, 37.073) –3.655 (–5.895, –1.416) –0.673 (–5.051, 3.705)
Rey-Osterrieth complex figure, copy –2.311 (–6.705, 2.084) 0.453 (0.170, 0.735) 0.490 (–0.067, 1.046)
Rey-Osterrieth complex figure, time (s) –22.364 (–88.673, 43.944) –5.656 (–10.462, –0.850) 6.930 (–0.992, 14.853)
Rey-Osterrieth complex figure, recall –2.820 (–7.057, 1.417) –0.036 (–0.290, 0.218) 0.621 (0.117, 1.124)
Rey-Osterrieth complex figure, recall time (s) 14.781 (–32.564, 62.126) 0.872 (–2.647, 4.392) 2.823 (–3.218, 8.865)
Rey-Osterrieth complex figure, retention % –17.194 (–35.443, 1.054) –2.230 (–3.547, –0.912) 2.614 (0.431, 4.798)
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WCST, correct answers –1.194 (–6.368, 3.980) 0.596 (0.233, 0.937) 0.244 (–0.438, 0.926)
WCST, categories –0.344 (–1.315, 0.627) 0.079 (0.013, 0.146) 0.079 (–0.050, 0.207)
WCST, % of perseverative responses –1.088 (–13.415, 11.239) –1.466 (–2.400, –0.532) 0.124 (–1.454, 1.701)
WCST, IC initial –0.237 (–7.592, 7.118) –0.091 (–0.650, 0.468) 0.274 (–0.729, 1.278)
WCST, conceptual level answers 3.866 (–3.195, 10.927) 1.450 (0.970, 1.930) –0.153 (–1.081, 0.775)
WCST, % conceptualization 6.197 (–9.971, 22.365) 1.868 (0.644, 3.092) –0.455 (–2.501, 1.592)
SMC, family member report –1.526 (–8.995, 5.943) –0.007 (–0.474, 0.459) –0.148 (–0.997, 0.702)
SMC, self-report –1.389 (–7.125, 4.348) –0.081 (–0.431, 0.269) 0.156 (–0.507, 0.820)
FAST 0.562 (–0.647, 1.771) –0.123 (–0.203, –0.044) –0.092 (–0.243, 0.059)
Barthel –2.716 (–8.404, 2.972) 0.574 (0.178, 0.971) 0.619 (–0.133, 1.370)
Coffee (daily consumption throughout life)
MMSE –0.624 (–3.000, 1.753) 0.087 (–0.107, 0.282) 0.219 (–0.071, 0.510)
Boston Naming Test 0.377 (–0.760, 1.515) 0.090 (0.008, 0.171) –0.016 (–0.137, 0.105)
Verbal fluency –2.708 (–5.612, 0.196) 0.368 (0.145, 0.591) 0.313 (–0.020, 0.646)
Word list memory –0.683 (–3.218, 1.853) 0.160 (–0.035, 0.356) 0.207 (–0.086, 0.499)
Word list recall –0.327 (–1.558, 0.903) 0.076 (–0.021, 0.173) 0.088 (–0.057, 0.233)
Word list recognition –0.408 (–2.309, 1.494) 0.009 (–0.143, 0.161) 0.128 (–0.110, 0.367)
Constructional praxis –0.410 (–1.565, 0.745) 0.019 (–0.072, 0.109) 0.117 (–0.017, 0.252)
Constructional praxis recall –0.813 (–2.448, 0.822) –0.024 (–0.150, 0.102) 0.213 (0.025, 0.401)
Trail making test, correct answers –0.571 (–1.409, 0.268) –0.013 (–0.088, 0.062) 0.117 (0.006, 0.228)
Trail making test, errors 0.571 (–0.268, 1.409) 0.013 (–0.062, 0.088) –0.117 (–0.228, –0.006)
Trail making test, time (s) 24.255 (–5.185, 53.696) –2.000 (–4.452, 0.451) –5.906 (–9.550, –2.261)
Rey-Osterrieth complex figure, copy –2.754 (–6.901, 1.393) 0.371 (0.047, 0.695) 0.528 (0.041, 1.015)
Rey-Osterrieth complex figure, time (s) 41.696 (–23.260, 106.651) –2.336 (–7.438, 2.766) –4.791 (–12.519, 2.937)
Rey-Osterrieth complex figure, recall 0.663 (–3.320, 4.646) 0.029 (–0.265, 0.323) 0.293 (–0.149, 0.736)
Rey-Osterrieth complex figure, recall time (s) –15.897 (–63.362, 31.567) –0.884 (–4.663, 2.895) 5.031 (–0.788, 10.850)
Rey-Osterrieth complex figure, retention % –2.073 (–20.127, 15.981) –1.775 (–3.190, –0.360) 1.688 (–0.442, 3.817)
WCST, correct answers –6.876 (–11.690, –2.062) 0.258 (–0.142, 0.658) 0.955 (0.356, 1.553)
WCST, categories –1.286 (–2.185, –0.388) 0.018 (–0.057, 0.092) 0.211 (0.100, 0.323)
WCST, % of perseverative responses 7.147 (–4.972, 19.266) –1.075 (–2.049, –0.101) –1.146 (–2.659, 0.367)
WCST, IC initial 0.962 (–6.282, 8.206) 0.029 (–0.545, 0.604) –0.466 (–1.406, 0.474)
WCST, conceptual level answers –6.645 (–13.244, –0.046) 1.024 (0.476, 1.573) 0.950 (0.128, 1.772)
WCST, % conceptualization –16.459 (–32.164, –0.753) 0.748 (–0.514, 2.010) 2.633 (0.690, 4.575)
SMC, family member report 2.978 (–4.168, 10.125) 0.259 (–0.258, 0.777) –0.776 (–1.549, –0.003)
SMC, self-report –0.802 (–6.197, 4.593) –0.021 (–0.419, 0.377) –0.180 (–0.767, 0.406)
FAST 0.917 (–0.199, 2.033) –0.078 (–0.168, 0.012) –0.183 (–0.315, –0.052)
Barthel –2.533 (–7.972, 2.906) 0.540 (0.075, 1.005) 0.475 (–0.199, 1.149)

MMSE, Mini-Mental State Examination; WCST, Wisconsin Card Sorting Test; SMC, Subjective Memory Complains; FAST, Functioning Assessment Short Test.
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on the word list test – correct answers (observed
estimate 0.034 points, 95% CI 0.008–0.060). Rum
consumption of seems to have an opposite effect, such
that, on the MMSE, for each additional unit of rum
consumed between 19 and 30 years, and for each
year of life, there is an expected decrease of 0.027
points on this test (95% CI –0.053––0.001). A sim-
ilar effect of rum consumption was also observed in
those younger than 30 years for the categorical verbal
fluency test for animals (observed estimate –0.036,
95% CI –0.066––0.006) and in those older than 30
years on the MMSE (observed estimate –0.029, 95%
CI –0.057––0.001). No significant interactions were
observed with beer.

Regarding cigarette consumption, two pack-year
indices were calculated: one for usual cigarette con-
sumption and another for the maximum number of
cigarettes consumed in a day. Regarding the “usual”
consumption of cigarettes, the categorical verbal flu-
ency test for animals showed the following: for
each one-unit increase in the pack-year index among
carriers, and for each year of life, there was an
expected increase of 0.031 points on this test (95% CI
0.003–0.058). Regarding the word list memory test,
an interaction between cigarette smoking and age was
evidenced, producing an increase of 0.030 words/year
among carriers who smoke versus nonsmoking car-
riers (95% CI 0.005–0.054). Although these figures
were statistically significant, they are very small,
which suggests that a significant number of years of
follow-up or some increase in the number of packs-
year would be required to observe a relevant effect
from the clinical standpoint. Similar results were
obtained for the maximum number of cigarettes per
day on the word list test –correct answers (observed
estimate 0.024, 95% CI 0.007–0.042), word list
test – recall (observed estimate 0.009, 95% CI.
0.001–0.018), and constructional praxis test – recall
(observed estimate 0.016, 95% CI 0.005–0.027) tests.

With respect to marijuana, a consumption index
was calculated as follows: number of units of can-
nabis consumed in one day ∗number of years of
consumption. This calculation was made for two sce-
narios: daily marijuana use, and occasional marijuana
use. The analysis with daily consumption did not
show statistically significant results. However, with
respect to the “typical” occasional consumption, it
was observed that, for each one-unit increase in the
cannabis units-year index among carriers, and for
each year of life, there is an expected increase of
0.111 points in the word list test – correct answers
(95% CI 0.032–0.191).

Finally, for coffee, a consumption index was calcu-
lated as follows: number of cups of coffee consumed
in a day ∗ number of years of consumption. Regarding
daily coffee consumption, there was an increase in the
scores of the MMSE (observed estimate 0.003, 95%
CI 0.001–0.006) and of the categorical verbal flu-
ency test for animals (observed estimate 0.003, 95%
CI 0.000–0.007). However, occasional coffee con-
sumption was associated with the opposite effect, that
is, a decrease in the scores on categorical verbal flu-
ency test for animals (observed estimate –0.015, 95%
CI –0.028––0.002), word list test – correct answers
(observed estimate –0.014, 95% CI –0.026––0.003),
and word list test – recall (observed estimate –0.008,
95% CI –0.014––0.002) tests.

DISCUSSION

In this study, an association between cigarette,
alcohol, marijuana, and coffee consumption with the
progression rate of cognitive decline was observed in
carriers of the PSEN1-E280A (Glu280Ala) genetic
variant. Daily coffee consumption was associated
with a possible protective effect on the progression
of cognitive decline over time, as was alcohol con-
sumption. Cigarettes, alcohol, and marijuana also
showed a positive impact on the performance of cer-
tain language and memory tasks. For cocaine use, no
association was observed, although this result is pos-
sibly explained by the low prevalence of cocaine use
in this sample of patients. All these results should be
interpreted with caution, given the exploratory nature
of this study.

Smoking more than 100 cigarettes throughout life
was associated with better performance on the Rey-
Osterrieth complex figure copy, a test for perceptual
organization. Moreover, cigarette smoking seems to
have a positive effect on language assessments such
as the verbal fluency test and on memory according
to the results observed in the word list memory and
recall and praxis recall tests. Nevertheless, these find-
ings may be explained by the survival bias found in
other studies, in which there was an apparent positive
effect of smoking on cognition, or by the stimulating
effect on the central nervous system, which perhaps
initially correlates with an improvement in the per-
formance of the tests for some years but that later
could lead to an acceleration of cognitive decline [9,
49, 50]. For example, Almeida et al. [49] published a
meta-analysis of case-control and cohort studies. In
case-control studies, they found a pooled OR adjusted
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for age, sex, schooling, and alcohol use of 0.82. On the
other hand, the overall relative risk (RR) of AD cal-
culated for cohort studies was 1.10 and restricting the
analysis to the two cohort studies which described the
number of smokers at baseline that later were diag-
nosed with dementia, RR was 1.99. These conflicting
results about the direction of the association between
smoking and AD could be explained by an apparent
improvement of some cognitive domains, but earlier
AD onset and premature death among certain smok-
ers who were not as good at repairing their DNA as
the surviving cigarette smokers used to make compar-
isons with an age-matched nonsmokers’ group [50,
51]. Therefore, although the smoker carriers of the
present study had better performance in some tests
than nonsmoker carriers, it does not possibly mean
that smoking protects against AD [9, 49, 50].

Indeed, a large cohort study showed that the risk
of dementia and AD is dose-dependent: the risk
increases with the increasing number of cigarettes
consumed [52]. Another study, which investigated
the effects of alcohol and cigarettes on the age of
onset of AD, found that individuals who smoked more
than one pack of cigarettes per day were diagnosed
2.5 years before nonsmokers (p < 0.05) [16]. The key
mechanism behind the deleterious effect of cigarettes
on cognition, associated with the increased risk of
AD, consists of neuroinflammation with oxidative
stress, as suggested by the results of the recent
study published by Liu et al., which found a posi-
tive association between the levels of A�42 and tumor
necrosis factor alpha (TNF�) in people who smoke at
least 20 cigarettes per day [53]. Apparently, smoking
affects the immune system, increasing the produc-
tion of TNF�, which leads to an increase in the
load of amyloid-� through a greater production of �-
secretase [53]. Moreover, in 2019, Pan et al. published
a meta-analysis about the relationship between smok-
ing and stroke, a contributing factor for cognitive
impairment in our patients. They show an increased
risk of stroke in smokers versus nonsmokers, with a
pooled OR of 1.61 (95% CI 1.49–2.48) [54]. The
mechanisms behind this relationship are increased
levels of homocysteine and fibrinogen, atherosclero-
sis, and oxidized low–density lipoprotein cholesterol,
besides the higher risk of atrial fibrillation, diabetes,
hypertension, and resting sinus tachycardia [6, 54].

The U.S. Department of Health and Human Ser-
vices defines heavy drinking as consuming more
than 14 standard drinks per week for men, and more
than 7 standard per week for women [39]. Different
from expected, there was a positive effect of heavy

drinking on the Barthel index for activities of daily
living. This finding may be explained by a selection
bias [55]. For instance, as Naimi et al. mentioned in
an article about selection biases on studies related to
alcohol consumption [55], healthier drinkers, more
resilient drinkers, or less risky drinkers would tend
to be over-represented in observational research, and
those with risky consumption patterns or an alcohol-
related disorder might be less likely to be included
in studies. Therefore, drinkers who do not partici-
pate could have more alcohol-related problems than
drinkers who participate in interviews and surveys.
Possibly, drinking carriers would be more functional
in basic activities of daily living or have a better
Barthel index than nondrinking carriers for the same
traits as they agreed to be enrolled, and these char-
acteristics might be the real reasons for their higher
functionality, but not the alcohol consumption itself.

When the association between alcohol and rate
of cognitive decline was evaluated by the type of
alcoholic beverage, although there was no associ-
ation with beer, aguardiente—a drink commonly
consumed in Colombia—was related to an expected
increase in the score of tests such as word list mem-
ory and recall. Rum had an opposite effect, negatively
impacting the score on the MMSE and verbal fluency
test between 19 and 30 years of age. However, it is
not possible to determine with these results whether
there is a cutoff point for the units of these two
classes of alcohol after which the apparent protective
effect of aguardiente is lost or the possible deleteri-
ous effect of rum is further enhanced. Ruitenber et
al., in a prospective cohort study with 7,983 partici-
pants, of whom 197 individuals developed dementia,
found an association between light to moderate alco-
hol consumption (one to three drinks per day) and a
lower risk of developing dementia (hazard ratio [HR]
0.58, 95% CI 0.38–0.90), although unlike the present
study, they did not find a difference in the associa-
tion according to the type of alcoholic beverage [56].
Other studies have also reported a protective effect
of moderate alcohol consumption with respect to the
risk of developing dementia [57, 58].

Other studies report a negative impact of alcohol
on the time of onset and progression of dementia,
even if considered moderate. For example, Harwood
et al. found that individuals who consumed more than
two drinks a day had an age of onset 4.1 years earlier
than those without a history of consumption [16]. In
turn, in 2017, Topiwala et al. published a study in
which they reported that the consumption of more
than 30 units of alcohol per week was associated
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with a high risk of hippocampal atrophy (OR 5.8,
95% CI 1.8–18.6), in addition to a faster decline in
semantic fluency, without being able to demonstrate
a protective role for light alcohol consumption [8].

Different studies have shown the association
between alcohol and contributing factors of neurode-
generation as stroke. For instance, in 2014, Zhang et
al. published a meta-analysis of prospective studies
of alcohol intake and risk of stroke, and they found
that low alcohol intake is associated with a reduced
risk of stroke morbimortality, whereas heavy alcohol
intake is associated with an increased risk of stroke
[59]. In 2016, Larsson et al. found that the associa-
tion between alcohol and stroke types depended on
the quantity of consumption: light and moderate con-
sumption were inversely associated with ischemic
stroke, and heavy drinking was associated with a
high risk of all stroke types, mainly with hemorrhagic
strokes [60]. The possible underlying mechanisms of
alcohol as a stroke causative are functional impair-
ment of vascular endothelium, inflammation, atrial
fibrillation, and high blood pressure [61].

Similarly to cigarettes, lifetime marijuana con-
sumption positively impacted cognitive assessments
such as the Osterrieth complex figure – retention
percentage. Despite that, not a daily but a “typical”
occasional use of this substance, that is, of the aver-
age units of marijuana per day of consumption, was
related to a positive impact on the word list memory
test score over time. This finding can be explained
by the dual, age-dependent and paradoxical effects
of the endocannabinoid system in the regulation of
memory and learning: the use of marijuana affects
memory and cognition in young people [62], and pre-
disposes to transient ischemic attacks and ischemic
stroke [63, 64], but it has been observed that chronic,
low-dose tetrahydrocannabinol or cannabis extracts
can slow or even reverse cognitive decline in old age
[12, 62]. This result could also be due to factors not
measured in the study, related to the occasional use
of marijuana (daily consumption did not yield any
significant result).

Cocaine was not related to an effect on neuropsy-
chological tests in this study, although a deleterious
effect of this substance on brain well-being has been
described, associated with a worse performance on
the assessment of cognitive skills such as language
[10]. However, the study by Blanco-Presas et al. con-
cluded that chronic cocaine abuse does not seem to
be associated with cognitive impairment greater than
that attributed to concomitant abuse of cocaine and
alcohol [11].

In the present study, a positive effect of lifetime
coffee consumption was found on the evolution of
scores on tests such as the verbal fluency test and
WCST. The protective effect seems to be more closely
associated with daily consumption compared to the
occasional use of this substance. Indeed, some stud-
ies, such as that of Lindsay et al., have shown that,
among other factors, coffee consumption seems to
reduce the risk of AD [57]. Among the mecha-
nisms possibly associated with the protective effect
of coffee are inhibition of the adenosine receptor,
reduction of the risk of type 2 diabetes, and inhibi-
tion of amyloid-� protein precursor cleavage enzyme
1 (BACE-1), and the neuroprotective effect that other
coffee components, such as trigonelline [13] and
theobromine [65] may have. This protective effect of
coffee seems to depend on the frequency and amount
of consumption, which could explain why the pro-
tective effect of coffee in this study was observed for
daily consumption and not for occasional consump-
tion [13].

This study has several weaknesses. First, this is an
exploratory study in which there was a small sam-
ple size. With small samples, the estimators may be
initially biased by chance (under the probabilistic
sample assumption). Additionally, due to this limi-
tation, it was not possible to control for other factors
that could confound the effect of each of the sub-
stances on cognitive decline, such as sex, education,
socioeconomic status, or the concomitant use of dif-
ferent drugs. It is also difficult to know whether there
were sociodemographic differences and differences
in the presence and characteristics of consumption
between the people who agreed and did not agree
to participate in the study. Last, the measurement of
consumption depended exclusively on what the par-
ticipants wanted to and could report, which makes
some biases, such as the memory and social desir-
ability (participant omits certain information for fear
of being judged negatively by the evaluator) biases
inevitable. To attempt to mitigate the latter, the par-
ticipants were asked permission to interview another
person who knew them well and could provide infor-
mation about their pattern of consumption, although
this could not completely control the recall bias.

The strengths of the study include the design of an
instrument exclusively for the measurement of expo-
sure, the CACoS questionnaire. This instrument not
only considered the presence or absence of a sub-
stance use disorder but also the amount and frequency
of consumption throughout the life of the partici-
pant. The evaluators were previously trained before
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the administration of the instrument and remained
blinded to the carrier status of the gene causing AD
in this population.

In conclusion, the consumption of cigarettes was
associated with an improvement of some cognitive
assessments, finding that could be explained by a sur-
vival bias. Alcohol seems to have impact on the rate
of cognitive decline, determined by the type of alco-
holic beverage consumed by the study participants.
Further studies with larger samples and on carriers of
other genetic variants are required to verify the exter-
nal validity of this result. Occasional use of marijuana
was associated with a positive impact on memory.
However, the quantity and frequency related to “occa-
sional” use are entirely unknown. Coffee seems to be
associated with a slowing of the decline of cogni-
tive skills such as memory and executive function.
This finding suggests the importance of continuing
to investigate the possible neuroprotective role of the
different coffee components in the near future.
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Ramirez-Gómez L, Martı́nez J, Pineda D, Lopera F, Quiroz
YT (2021) Neuroticism is associated with tau pathology in
cognitively unimpaired individuals with autosomal domi-
nant Alzheimer’s disease. J Alzheimers Dis 82, 1809–1822.

[19] Fuller JT, Cronin-Golomb A, Gatchel JR, Norton DJ,
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Jaramillo-Elorza MC, Moreno S, Aguirre-Acevedo DC, Sal-
darriaga A, Lopera F (2011) Pre-dementia clinical stages
in presenilin 1 E280A familial early-onset Alzheimer’s
disease: A retrospective cohort study. Lancet Neurol 10,
213–220.

[22] Rosselli D, Ardila A, Pradilla Ardila G, Morillo L, Bautista
Lorenzo LE, Rey O, Camacho Cuartero JM (2000) El exa-
men mental abreviado (Mini-Mental State Examination)
como prueba de tamizaje para el diagnóstico de demencia:
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B, Garcés IC, Montoya GJ, Gómez J, Agudelo A, López
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[46] Bates D, Mächler M, Bolker B, Walker S (2015) Fitting
linear mixed-effects models using lme4. J Stat Softw 67,
1-48.

[47] R Core Team (2021) R: A language and environment for sta-
tistical computing, R Foundation for Statistical Computing,
Vienna, Austria.

[48] RStudio Team (2020) RStudio: Integrated Development for
R, RStudio, PBC, Boston, MA.

https://doi.org/10.17533/udea.rfnsp.v37n2a10


C. Ramos et al. / Cognitive Decline and Substances in AD 1439

[49] Almeida OP, Hulse GK, Lawrence D, Flicker L (2002)
Smoking as a risk factor for Alzheimer’s disease: Contrast-
ing evidence from a systematic review of case-control and
cohort studies: Smoking and Alzheimer’s disease. Addiction
97, 15–28.

[50] Sabbagh MN, Tyas SL, Emery SC, Hansen LA, Alford MF,
Reid RT, Tiraboschi P, Thal LJ (2005) Smoking affects the
phenotype of Alzheimer disease. Neurology 64, 1301–1303.

[51] Riggs JE (1993) Smoking and Alzheimer’s disease: Pro-
tective effect or differential survival bias? Lancet 342,
793–794.

[52] Rusanen M, Kivipelto M, Quesenberry CP, Zhou J, Whitmer
RA (2011) Heavy smoking in midlife and long-term risk of
Alzheimer disease and vascular dementia. Arch Intern Med
171, 333-339.

[53] Liu Y, Li H, Wang J, Xue Q, Yang X, Kang Y, Li M, Xu J,
Li G, Li C, Chang H-C, Su K-P, Wang F (2020) Association
of cigarette smoking with cerebrospinal fluid biomarkers
of neurodegeneration, neuroinflammation, and oxidation.
JAMA Netw Open 3, e2018777.

[54] Pan B, Jin X, Jun L, Qiu S, Zheng Q, Pan M (2019) The
relationship between smoking and stroke: A meta-analysis.
Medicine (Baltimore) 98, e14872.

[55] Naimi TS, Stockwell T, Zhao J, Xuan Z, Dangardt F,
Saitz R, Liang W, Chikritzhs T (2017) Selection biases in
observational studies affect associations between ‘moder-
ate’ alcohol consumption and mortality: Selection biases in
studies of ‘moderate’ drinking. Addiction 112, 207–214.

[56] Ruitenberg A, van Swieten JC, Witteman JC, Mehta KM,
van Duijn CM, Hofman A, Breteler MM (2002) Alcohol
consumption and risk of dementia: The Rotterdam Study.
Lancet 359, 281–286.

[57] Lindsay J (2002) Risk factors for Alzheimer’s disease: A
prospective analysis from the Canadian Study of Health and
Aging. Am J Epidemiol 156, 445–453.

[58] Luchsinger JA, Tang M-X, Siddiqui M, Shea S, Mayeux R
(2004) Alcohol intake and risk of dementia: Alcohol intake
and risk of dementia. J Am Geriatr Soc 52, 540–546.

[59] Zhang C, Qin Y-Y, Chen Q, Jiang H, Chen X-Z, Xu C-
L, Mao P-J, He J, Zhou Y-H (2014) Alcohol intake and
risk of stroke: A dose-response meta-analysis of prospective
studies. Int J Cardiol 174, 669–677.

[60] Larsson SC, Wallin A, Wolk A, Markus HS (2016) Differ-
ing association of alcohol consumption with different stroke
types: A systematic review and meta-analysis. BMC Med 14,
178.

[61] Duan Y, Wang A, Wang Y, Wang X, Chen S, Zhao Q, Li X,
Wu S, Yang L (2019) Cumulative alcohol consumption and
stroke risk in men. J Neurol 266, 2112–2119.

[62] Calabrese EJ, Rubio-Casillas A (2018) Biphasic effects of
THC in memory and cognition. Eur J Clin Invest 48, e12920.

[63] Tsatsakis A, Docea AO, Calina D, Tsarouhas K, Zamfira
LM, Mitrut R, Sharifi-Rad J, Kovatsi L, Siokas V, Dardio-
tis E, Drakoulis N, Lazopoulos G, Tsitsimpikou C, Mitsias
P, Neagu M (2019) A mechanistic and pathophysiological
approach for stroke associated with drugs of abuse. J Clin
Med 8, 1295.

[64] Kariyanna PT, Smith LR, Patwa K, Salifu MO, McFarlane
IM (2020) Marijuana and microcirculation: A review. Am J
Med Case Rep 8, 284–288.

[65] Travassos M, Santana I, Baldeiras I, Tsolaki M, Gkatzima O,
Sermin G, Yener GG, Simonsen A, Hasselbalch SG, Kapaki
E, Mara B, Cunha RA, Agostinho P, Blennow K, Zetterberg
H, Mendes VM, Manadas B, de Mendon A (2015) Does
caffeine consumption modify cerebrospinal fluid amyloid-
� levels in patients with Alzheimer’s disease? J Alzheimers
Dis 47, 1069–1078.


