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Abstract

Adolescence is a development stage characterized by multiple neuro-cognitive and psychosocial changes and therefore consid-

ered a critical phase of human development. At this stage, is when young adults start consuming substances, consequently the ad-

diction process begins. Several studies show that chronic cannabis abuse can cause neurofunctional and neuro-cognitive changes.

Particularly it would negatively impact on divided attention, short-term verbal memory and working memory performance. In this

study we investigate how abuse of cannabis can affect global cognitive functioning, also through the evaluation of executive functions.

Sample population that took part in this study was grouped by the frequency of use of cannabinoid substances (chronic, occasional,

and absent consumption). Statistical analysis showed a significant decrease in performance in working memory tasks by subjects

who used chronic cannabis (group 1) compared to subjects who did not use it at all (group 3). Future studies could verify the extent

of the neuro cognitive alterations through re-evaluations with controlled follow-ups.
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Introduction

Adolescence is a development stage characterized by multiple
neurocognitive and psychosocial changes and it is therefore con-
sidered a critical phase of human development [1]. From the age
of 12, a new brain maturation process, consisting of proliferation,
migration and differentiation, synaptogenesis and pruning, be-
gins, also involving a global remodelling of the brain [2-5]. Dur-
ing adolescence, full maturity is reached specifically by the higher
cognitive functions, mainly functions and cognitive processes
that involve the frontal and prefrontal cortex mature [6]. At this

stage a key feature of the brain is represented by the immaturity

of self - seeking processes (self - regulation): this process leads to
an increase in impulse decontrol and astrong attraction to what is
forbidden [7-9]. In this phase, individuals (especially adolescents)
can be attracted to drugs, and these substances can greatly inter-
fere with the development and subsequent functioning of cognitive
processes. The substances consumption often starts in adolescence,
as well as the addictive process [10]. According to some statistics,
more than 90% of the addicted people started using various sub-
stances before the age of 18 years [11]. Cannabis is the most widely
abused drug, with approximately 147 million people (2.5% of the
world population) consume it (WHO, 2019), particularly adoles-
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cents [12,13]. Several studies show that the chronic use of cannabis
is the cause of alterations of neurofunctional and neurocognitive
functions, particularly it negatively impact divided attention, short-
term verbal memory and working memory performance [14-19].
Especially, the working memory suffers the abuse of substances
and its impairment can affect the correct functioning of the others
cognitive functions. Other studies show that cognitive impairment
is the cause of lower academic performance [20], of declarative
memory deficit [21] and of a persistent decline in global cognitive
functioning [22]. Previous studies have also shown that individuals
who start consuming cannabis at an early age may be more vulner-
able to long-lasting neuropsychological deficits than individuals
who started using it later [23]. Studies showing that impairment
persists into adulthood [24,25], with greater severity in chronic
cannabis users, are particularly concerning, [26,27]. Most stud-
ies, identify temporal extent of use and not its frequency to define
“chronic use”. Pope and Yurgelun’s paper [28] represents one of
the few studies documenting the comparison between adolescents
who use cannabis frequently and those who use it occasionally. The
study was later continued by Pope., et al. [29], to evaluate conse-
quences of with drawal rather than outcomes based on frequency.
In our study we investigate how cannabis use (chronic, occasional
and absence use) can influence global cognitive functioning, and
executive functions, considering the weekly use frequency param-
eter and not just the temporal extension of use. For this purpose,
we decided to administer WISC-1V [30] to two groups of occasional
and chronic cannabis adolescents users. Working memory indices
(WMI), processing speed (PSI) and intelligence quotient (IQ) were
investigated by comparing the scores with a control group that did
not use substances, and to understand to what extent this abuse

could impair cognitive functions. We also performed a neuropsy-
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chological test with the administration of the BVN 12-18 Battery
to investigate whether planning skills and memory skills (visuo-

spatial) were also impaired following the abuse of cannabinoids.

Materials and Methods

Participants

For this study we recruited subjects between the ages of 15 and
16 in ten secondary schools in the province of Naples. The study
originates from a collaboration between The Centre of Child Neu-
ropsychiatry FINDS (Italian Foundation for Neuroscience and De-
velopmental Disorders) and the University of Salerno alongside
with the USR (Regional School Office) of Campania. The sample se-
lection involved the preliminary administration of a questionnaire
to identify the subjects habits of cannabinoids consumption. The
questionnaire was used to determine the usage of cannabinoids
and comprised of 5-item Likert scale response and a semi-open
question, accounting for a total of 6 questions. The semi open ques-
tion, represented the key response used as main criteria to subdi-
vide the students in 3 different groups: group 1 comprising of 46
subjects identified as chronic users of cannabis (at least 4 times a
week for at least a year), group 2 of 46 occasional cannabis users,
(about once every two weeks for at least one year) and a group 3
(control) of comprising of 46 subjects identified as non-consumers
od the substance. Therefore, the inclusion criterion saw chronic
use as = at 4 weekly intakes for at least one year, while occasional
use < once every 2 weeks for at least one year. The control group
did not use any substance. All groups took part to the administra-
tion of WISC IV anonymously, in the school environment by quali-
fied psychologists belonging to the two reference clinics (FINDS
and University of Salerno). Later they were given the subtest Corsi
and Tol from BVN 12 - 18 [31] (Table 1).

Group 1 Group 2 Group 3
M. SD Gender M. SD Gender M. SD Gender
15,3 0,23 M/F 32/14 15,3 0,11 M/F 30/16 15,4 0,11 M/F 33/13

Table 1: Subdivision of the sample.

Procedures and tools

The protocol used in this study is composed of a specifically
constructed questionnaire, which investigates the frequency of
cannabinoid consumption, the WISC IV [30], the BVN 12 - 18 [31],
and the MT Trials - Advanced 3 [32].

Questionnaire: The questionnaire included 5 closed questions
focusing on: possible use of cannabinoids (regular or occasional),
possible consumption of other substances (regular or occasional),
possible use of alcohol (regular or occasional), tendency to use
cannabinoids (individual and group) and tendency to use other

substances or alcohol (individual and group). Responses were giv-
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en on a 5-point Likert scale ranging from one (strongly agree) to
five (strongly disagree). For the affirmative answers on the use of
cannabinoids, the weekly frequency was also investigated through

an open question.

WISC-1V: Clinical and diagnostic tool to assess the intellectual
abilities of children aged 6 to 16. It consists of 15 tests (10 main
and 5 supplementary) divided into 4 indices. The 10 main tests
are represented by: block design (BD), similarities (SI), digit span
(DS), picture concepts (PCN), coding (CD), vocabulary (VC), letter-
number sequencing (LN), matrix reasoning (MR), comprehension
(CO), symbols search (SS). They are divided into 4 indices: percep-
tual reasoning index (PRI), which includes BD, PCN and MR, verbal
comprehension index (VCI), which includes SI, VC and CO, working
memory index (WMI) which includes DS and LN, and processing
speed index (PSI) which includes CD and SS.

BVN 12-18: Test battery for neuropsychological evaluation
to identify single disorders in specific areas and to define a gen-
eral profile of mnemonic, praxic, visuospatial, perceptive, attentive,
linguistic, executive skills, etc., useful for a deeper study after an
initial diagnostic assessment. In particular, the ToL (Tower of Lon-
don) subtest evaluates high executive functions such as planning
and problem solving skills. The Corsi subtest, on the other hand,
allows us to evaluate the span of visuospatial memory, that is, the
amount of visuospatial information that can be retained in short-

term memory (MBT).

Advanced MT Tests - 3: Tests to thoroughly assess reading,
reading comprehension skills and math skills in adolescents. They
include word and non-word reading tests, text comprehension
tests, writing tests by dictation and tests of arithmetic skills and

facts.

Procedures

All subjects included in the sample were given the questionnaire
to investigate the frequency of use of the substances. Following
the analysis of the responses to the questionnaire, we divided the
sample into 3 groups: group 1, chronic cannabinoids users, group
2 occasional users, and group 3 of non consumers. The third group
was obtained by a random selection among those who did not use
substances, regular and frequent consumers of other substances
(e.g., tobacco or alcohol) were excluded from the sample in order
to avoid bias from the effects of the other substances that are not

cannabinoids, thus, the sample included only subjects who did not
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make regular and frequent use of different drugs. All groups then
undertook the WISC-1V, with Italian standardization. The scores of
4 indices were calculated, namely: the perceptual reasoning index
(PRI), which includes BD, PCN and MR, the verbal comprehension
index (VCI), which includes SI, VC and CO, the working memory
(WMI) which includes DS and LN, and the processing speed index
(PSI) which includes CD and SS. Individual tasks scores were ana-
lysed; in particular the main indices (VCI, PRI, WMI, PSI and 1Q).
Our hypothesis suggests that the group that uses chronic cannabis
(group 1) has a significant drop (difficulty) in the tasks of work-
ing memory (WMI) and processing speed (PSI) with consequent
impact on the intelligence quotient (IQ), consistent with what high-
lighted by the literature [33]. We then administered the subtests
of BVN 12-18 for an in-depth study of visuospatial memory skills
(Corsi test) and planning (London Towers subtest). We assume
that the group of individuals who make chronic use of cannabis
(Group 1) had a significant drop in the tasks and planning (TOL)
memory and visual-spatial (Corsi test) compared with the control
group (group 3). Furthermore, to estimate the percentage of spe-
cific learning disabilities, we administered the Advanced MT tests

- 3 to the entire population.

Results and Discussion

Data analysis was performed using SPSS 25.0 statistical survey
software [34]. Significance was accepted at the 5% level (a < 0.05).
We compared the weighted scores of the groups and the indices
(VCI, PRI, WM, PSI, 1Q) emerged from WISC-1V using the Student ‘s
T test, a parametric statistical test that can be used when the two
groups in comparison are independent. Specifically, we used the
T Test for paired samples, to make comparisons between groups,
with two-tailed significance. The comparison between group 1
and group 3 revealed significant differences in the WMI indices
(t =-13.38; p < 0.05), PSI (t = -4.89; p < 0.05) and IQ (t = -8,24;
p < 0.05). When compared to those who do not make any use of
cannabinoids, these results demonstrate that chronic use of can-
nabinoids has a remarkable effect on the operation of the working
memory, on the speed of information processing, and also impacts
on the IQ. The impact on the PRI is slightly significant (t =-3.02; p <
0.05), while the impact on the VCI is not significant (Table 2).

The comparison between group 1 and group 2 revealed signifi-
cant differences in the WMI indices (t = -11.37; p < 0.05), PSI (t
=-4.75; p < 0.05) and 1Q (t =-7,31; p < 0.05). These results show
that chronic use of cannabinoids, compared to those who use them

less frequently, can affect the skills of working memory, informa-
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tion processing speed, consequently impacting global cognitive Significant differences also emerged in the comparison between
functioning, represented by the 1Q index. We then compared the group 1 and group 3 (t = -4.52; p < 0.05), showing that those who
scores that emerged at the ToL subtest between group 1 and group  use chronic cannabinoids have considerable difficulties in planning
2 and significant differences emerged (t = -3.56; p < 0.05). These skills compared to those who do not makes no use (Table 2). On the
results demonstrate that chronic use of cannabinoids has a signifi-  other hand, no significant differences emerged between group 2
cant impact on planning skills compared to those who use them and group 3 (Table 4).

less frequently (Table 3).

Group 1 Group 3
Means SD t P Means SD t p
V(I 98,83 4,33 101,65 577 | -2,294 | .026
PRI 99 6,78 -3,026 .004* | 102,89 4,85
WMI 83,17 6,11 -13,384 | .000* 97,85 4,8
PSI 92,24 5,78 -4,896 .000* 98,3 539
IQ 89,17 6,51 -8,245 .000* 101,83 7,4
ToL 7,3 0,94 -4,528 .000* 8,35 1,21
CORSI 3,87 0,71 -9,388 .000* 5,46 1
*p <0.05
Table 2: Comparison of indices between group 1 and 3.
Group 1 Group 2
Means | SD t p Means | SD t p
VCI 98,83 | 4,33 101,26 | 5,51 | -2,028 | .048
PRI 99 6,78 101,93 | 5,17 | -2,238 | .030
WMI 83,17 | 6,11 | -11,375 | .000* | 96,22 | 4,58
PSI 92,24 | 578 | -4,757 | .000* | 98,37 | 5,82
1Q 89,17 | 6,51 | -7,319 | .000* | 99,91 | 6,39
ToL 7,3 094 | -3,564 | .001* | 8,07 1,06
CORSI 387 | 0,71 | -7,646 | .000* | 5,11 0,84
*p <0.05
Table 3: Comparison of indices between groups 1 and 2
Group 2 Group 3
Means SD Means SD t p
VCI 101,26 5,51 101,65 577 -0,364 .718
PRI 101,93 517 102,89 4,85 -0,959 .343
WMI 96,22 4,58 97,85 4,8 -1,778 .082
PSI 98,37 5,82 98,3 5,39 .058 954
1Q 99,91 6,39 101,83 7,4 -1,387 172
ToL 8,07 1,06 8,35 1,21 -2,163 .036
CORSI 511 0,84 5,46 1 -2,697 .010
*p < 0.05

Table 4: Comparison of indices between groups 2 and 3.
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Finally we compared the performance at the Corsi subtest be-
tween group 1 and group 2 and significant differences emerged (t
=-7.64; p < 0.05). These results indicate that chronic cannabinoid
users experience significant difficulties in visuospatial memory
skills (Table 3). There were also significant differences between
group 1 and group 3 (t =-9.38; p < 0.05). These results show that
chronic use of cannabinoids can impair visuospatial memory skills
compared to those who do not use them. However, no significant
differences emerged between group 2 and group 3 (Table 2).

To understand the main differences between groups, we per-
formed the ANOVA test (Analysis of variance) with post hoc tests
(Bonferroni). From these analysis it was possible to observe that
the scores of group 1 differ significantly from those of group 3 at
the following indices: WMI (-14.67; p < 0.05), PSI (-6.06; p < 0.05)
and IQ (-12.65; p < 0.05), demonstrating that a chronic use of can-
nabinoid substances has a significant impact on the functioning of
the working memory, the speed of information processing, also im-
pacting on 1Q. The comparison between the scores of group 2 and
group 3 did not reveal significant differences, while the compari-
son between group 1 and group 2 showed differences in the WMI
indices (-13.04; p < 0.05), PSI (-6.13; p < 0.05) and 1Q (-10.73; p <
0.05), showing that the effects of chronic cannabis use on cognitive
functioning are greater, while occasional use of this substance does

not has a significant impact (Figure 1-3).
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Figure 1: Comparison of indices WISC between the three groups.
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Figure 2: Comparison of ToL between the three groups.
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Figure 3: Comparison of Corsi between the three groups.

Furthermore, from the analysis of the tests administered for the
evaluation of the reading and calculation skills of the cases exam-
ined, the following values emerged for the diagnosis of dyslexia and
dyscalculia: with regard to group 1, 13,04% (6 subjects) diagnosed
with dyslexia and 17,39% (8 subjects) diagnosed with dyscalculia;
of these, 28,26% (13 subjects) were diagnosed with both dyscal-
culia and dyslexia. With regard to group 3, the following values
emerged: 2,17% diagnosed with dyslexia and 2,17% diagnosed
with dyscalculia; of these, 4,34% were diagnosed with both dys-
lexia and dyscalculia. With regard to group 2, the following values
emerged: 4,34% (2 subjects) diagnosed with dyslexia and 2,17%
diagnosed with dyscalculia; of these, 6,52% (3 subjects) who had
received diagnoses of both dyslexia and dyscalculia (Figure 4-6).

13,04%

.21 17.39%

28.26%

WGrl Dyslexia ®Grl Dyscalculia ®Gr 1 Dyslexia e Dyscalenlia Grl No SLD

Figure 4: Percentages of SDL in group 1.

217% 2179 L34%
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BGr3 Dyslexia WGr3 Dyscalculia 8 Gr 3 Dyslexia e Dyscaleulia 8 Gr3 No SLD

Figure 5: Percentages of SDL in group 3.
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Figure 6: Percentages of SDL in group 2.

Conclusion

A persistent use of cannabis during adolescence (especially be-
fore 18 years of age) can cause neuropsychological deficits caus-
ing cognitive neuro alterations, particularly impacting the global
intellectual functioning. Before the age of 18, the brain is still in
the process of organizing and restructuring (the pruning phase is
still in progress) and therefore more vulnerable to damage result-
ing from taking drugs and drugs. Some studies have shown that the
use of cannabis has also influences on cognitive functions mainly
have found lower than normal performance in tasks of attention,
learning, working memory and information processing speed
[17,28-35]. In particular, the impairment of working memory is
widely used and documented, especially in studies that investigat-
ed a population of adolescents who make chronic use of cannabi-
noids ; in fact, from these studies, the obtained scores indicated a
performance lower than the working memory by comparing them
with non-consumers subjects [36]. Other studies that also con-
sidered sample including chronic cannabis users that undergo to
a reasonably long abstinence, suggest that the deficit of working
memory may persist for some time after the acute poisoning [27].
The novelty of our study is therefore the consideration of weekly
attendance as a fundamental parameter to discriminate the results.
The statistical analysis of our study showed that the group of sub-
jects who use chronic cannabis (group 1 - use of cannabinoids 4
times a week for at least a year) show a significant fall in working
memory tasks compared to the group who does not use it (group
3). In addition, there was also a decrease in the tasks of informa-
tion processing speed and IQ, highlighting a significant difference
with the control group (group 3). Analysis of the scores obtained by
the group identified as occasional users of cannabis (group 2 - use

of cannabinoids once every two weeks for at least a year), there
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is no decrease in working memory, processing speed, and IQ com-
pared to the control group (group 3). Finally, if we compare group
1 with group 2, significant drops in working memory, processing
speed and IQ of group 1 compared to group 2 are highlighted. The
results of this study highlight the fact that the use of substances
in early age causes neurocognitive alterations, particularly on cog-
nitive processes such as working memory and processing speed,
only if the use is chronic, where chronic must be understood as
a highly frequent use of the substance. Therefore, the impact on
cognitive functioning, highlighted by previous studies [37,38] must
be considered not only in terms of time extension but also of fre-
quency. Furthermore, as regards the neuropsychological investi-
gation carried out on our sample, the statistical analysis showed
that the group that used cannabis chronically (group 1) presented
a notable impairment of planning skills compared to the control
group (group 3), thus noting an impact of the substance also on ex-
ecutive functions, in particular on planning ones. The impairment
of the afore mentioned functions as regards the group that used
them occasionally (group 2) compared to group 3 was found to be
present, albeit to a lesser extent, thus making it evident that the use
of cannabinoids in adolescence, even if less frequently, causes an
alteration of cognitive processes such as executive functions, spe-
cifically planning skills, with a significant impact on global intellec-
tual functioning. Furthermore, the chronic use of cannabis is found
to have an significant impact on the functioning of higher cognitive
processes such as executive functions precisely, to an extent more
significant compared to the group which was not any use (group 3).
In addition, our analysis reveals that the chronical cannabis users
(group 1) also performed poorly in higher visual-spatial material
processing skills than the non- cannabinoid-using group (group 3).
This figure indicates that the chronic use of cannabis is the cause
of difficulties in amnesic ability significantly, and to a considerable
extent those that enable the processing of material visuo-spatial.
A more recent study, conducted by Morin., et al. [39] also found
that cannabis use in adolescence was associated with generally
lower performance in working memory (WMI), perceptual reason-
ing (PRI) and processing speed (PSI), although it does not make
a good frequency discriminant. In fact, in our study we proposed
weekly attendance as a fundamental parameter for discriminat-
ing outcomes as a novelty. The result of this study make it clear
that people who start a chronic consumption of cannabis in early
age (especially in adolescence) , are more vulnerable to cognitive
deficits, detected in our studio as working memory and processing

speed, and more specifically of global cognitive functioning. Several
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clinical studies agree in fact that the earlier the adolescent starts to
consume cannabis, the greater the risk of subsequently develop-
ing psychiatric disorders or addiction to other substances abused
[13,40-42]. Research has also found learning deficits [43,44]; in
fact, our analysis highlighted the presence of Specific Learning
Disorders in the sample examined, specifically as regards group 1
13.04% (6 subjects) diagnosed with dyslexia and 17.39% (8 sub-
jects) diagnosed with dyscalculia; of these, 28.26% (13 subjects)
were diagnosed with both dyscalculia and dyslexia. These data are
consistent with what emerged in previous studies on the presence
of ASD in adolescents who use cannabinoids chronically [43,44]
however, in our sample, subjects with a diagnosis of dyslexia and
dyscalculia specifically emerged. Differently, with regards to group
3, the following values emerged: 2.17% diagnosed with dyslexia
and 2.17% diagnosed with dyscalculia; of these, 4.34% were diag-
nosed with both dyslexia and dyscalculia. Finally, with regards to
group 2, the following values emerged: 4.34% (2 subjects) with a
diagnosis of dyslexia and 2.17% with a diagnosis of dyscalculia; of
these, 6.52% (3 subjects) who had received diagnoses of both dys-

lexia and dyscalculia.

A cross-sectional study does not allow us to discriminate be-
tween association and causal link. However, the association is sig-
nificant if we take our parameters into consideration. Future stud-
ies could forecast an enlargement of the sample to further reinforce
the significance and a follow up to monitor the persistence of the

existences over time.
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