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Abstract 

Background:  Cannabis is the most commonly used illicit substance globally, in India particularly. In recent times, 
younger people started abusing cannabis, resulting in academic decline and psychological disorders. Research from 
developed countries had shown that abstinence from cannabis reverses cognitive decline in the young population to 
a certain extent. Studies on this topic have been very few in India. We intended to assess the effects of cannabis use 
and abstinence from cannabis on the cognitive functioning of young adults.

The study was an observational study including 50 consecutive young male patients, who got admitted to our reha-
bilitation centre with cannabis use disorder (group A). The Montreal Cognitive Assessment (MoCA) test was used to 
assess the baseline cognitive functioning of these patients initially after 1 week of abstinence and compared with 50 
graduate students with no history of cannabis use (group B). The MoCA test was re-administered to group A subjects 
after 3 months of strict abstinence from cannabis use.

Results:  There was a statistically significant difference between the baseline MoCA score of cannabis users and the 
controls (P < 0.001). Both the duration (r = −0.296, P = 0.036) and the quantity (r = −0.491, P < 0.001) of cannabis use 
had a negative correlation with the MoCA score. When the MoCA test was re-administered after 3 months of absti-
nence, we found a statistically significant improvement in cognitive functioning in cannabis users (P < 0.001), but the 
mean score was still less than the mean score of the control group (24.08 ± 2.66 vs 28.62 ± 0.85, P < 0.001) showing 
only partial improvement.

Conclusion:  This study showed that cognitive deficits were seen in cannabis users as compared to nonusers. It also 
had shown that abstinence from cannabis had partially reversed the impairment, but still some deficits were remain-
ing. There is an urgent need for primary prevention strategies at community level to decrease the prevalence of can-
nabis use.
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Background
Cannabis is the most commonly used illicit psychoactive 
substance globally. According to the report published by 
the Ministry of Social Justice and Empowerment, Gov-
ernment of India, in 2019, about 2.8% of the Indians 
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reported having used any cannabis product within the 
past 12 months. About 0.66% of Indians needed help for 
their cannabis use problems [1]. Adolescents in particu-
lar have been found to consume high levels of cannabis, 
approximately between 12 and 16 years of age. This is an 
important factor from mental health and neurodevelop-
ment point of view [2]. Tetrahydrocannabinol (THC), 
the active molecule in cannabis, has been shown to cause 
alterations to the structure of the brain in long-term use. 
Cannabis causes short-term and long-term alterations in 
several cognitive functions of the brain [3].

When people begin using cannabis as teenagers, the 
drug impairs thinking, memory, and learning functions. 
A study from New Zealand conducted at the Duke Uni-
versity showed that people who started smoking mari-
juana heavily in their teens and had an ongoing marijuana 
use disorder showed a decline of at least 8 intelligence 
quotient (IQ) points between the ages 13 and 38 [4]. It 
was not reversed in those who had quit marijuana as 
adults. Some studies have reported complete recovery of 
impairments after 4 weeks of abstinence, whereas other 
studies describe persisting cognitive deficits. These defi-
cits are seen predominantly in the domains of attention, 
memory, and executive functions. Some studies indicated 
partial recovery of cognitive impairments in abstinent 
users [5–7].

Considering the increased number of cannabis users in 
India and changes in the attitude of young people towards 
cannabis due to its legalization in several Western coun-
tries, it is imperative to have a better knowledge of the 
effects of cannabis on cognitive function in young adults. 
This study aims to be a small step in this endeavour.

Methods
This study was an observational case-control follow-
up study done in a rehabilitation centre in the state of 
Andhra Pradesh. Sampling was done using the purpo-
sive sampling method. The study comprised two groups 
of subjects. Those were 50 young people between the 
ages group 18–25 years with active cannabis use (group 
A) who got admitted to the rehabilitation centre and a 
comparison group consisting of 50 college students pur-
suing their graduation with no history of cannabis use 
(group B). Smoking was the sole method of consumption 
of cannabis in all these 50 patients. The Structured Clini-
cal Interview for the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (SCID-5) was used to 
diagnose cannabis use disorder, and it was confirmed by 
urine drug screening.

Written informed consent was taken from the subjects 
from both the study and control groups and from the 
caregivers wherever required. Subjects with a history of 
head injury and seizures, those who were suffering from 

substance-induced psychosis or any other psychological 
disorders, or those who were already taking treatment for 
their substance use were excluded from the study. After 
obtaining the Indlas VIMHANS Hospital institutional 
ethics committee’s approval, the study was conducted 
from June 2021 to December 2021.

A semi-structured pro forma was used to collect the 
socio-demographic data. The Montreal Cognitive Assess-
ment (MoCA) test was used to assess cognitive func-
tioning. It was developed by Dr. Ziad Nasreddine and 
colleagues in 2005 for the assessment of cognitive func-
tions [8]. The MoCA test consists of 13 items measuring 
seven cognitive domains: executive functioning; visu-
ospatial abilities; attention, concentration, and working 
memory; language; abstract reasoning; memory; and ori-
entation with a maximum score of 30. It is a one-page test 
that can be administered in 10 min. Its reliability was ade-
quate, with a coefficient alpha of 0.75 [9], and its sensitiv-
ity and specificity in detecting mild cognitive impairment 
were found to be 86% [10]. The following ranges may 
be used to grade the severity of cognitive impairment: 
18–25 = mild cognitive impairment, 10–17= moderate 
cognitive impairment, and less than 10 = severe cogni-
tive impairment. The study was done in 2 steps.

Step 1
The cognitive functioning of subjects from group A 
was assessed by using Montreal Cognitive Assessment 
(MoCA) test after an initial period of 1 week of absti-
nence. These scores were compared with the MoCA 
scores of group B.

We have chosen this 1-week abstinence period, as 
assessing cognitive functioning under cannabis intoxi-
cation and immediate withdrawal period may not give 
proper test results due to the acute effects of cannabis on 
attention and concentration.

Step 2
The cognitive functioning of patients from group A was 
reassessed after the completion of 3 months of treat-
ment in our rehabilitation centre by repeating the MoCA 
test. The patients were completely abstinent from any 
kind of psychoactive substance during this period. All 
these patients attended a daily routine programme of 
ground activities for 60 min, breathing exercises for 10 
min, Jacobson’s progressive muscle relaxation (JPMR) 
exercise for 20 min, yoga and meditation for 30 min, and 
daily counselling sessions. JPMR is a non-pharmacologi-
cal method of relaxation, teaching the patients to moni-
tor the tension in specific muscle groups by first tensing 
and then relaxing each muscle group. It is widely used 
to reduce the anxiety and increase self-esteem and thus 
helps patients in dealing with stressful conditions more 
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confidently. No special medications were given, or cog-
nitive remedial techniques were taught to improve their 
cognitive functioning.

The effect of cannabis use on cognitive functioning was 
assessed by comparing scores of group A (at 1st week of 
treatment) and group B.

The effect of abstinence from cannabis use on cognitive 
functioning was assessed by comparing scores of group A 
in the 1st week and after the 3rd month.

Statistical analysis
Data entry and analysis were performed using Micro-
soft Excel (2019) and MedCalc version 20.109 (Ostend, 
Belgium).

Descriptive statistics
Continuous variables were reported as means with 
standard deviations (SD), and categorical variables were 
reported as numbers with the percentage of the total.

Inferential statistics
Karl Pearson’s correlation coefficient was used to calcu-
late the relationship between duration, the quantity of 
cannabis use, and the initial MoCA score of cannabis 
users.

The Z-test of difference between two means was used 
to compare mean scores of MoCA between cannabis use 
and nonuser groups. Paired t-test was used to compare 
the initial MoCA score with the score after 3 months of 
abstinence from cannabis.

For all analyses, the probability level considered to indi-
cate statistical significance was set at P < 0.05.

Results
In our study, all the subjects in both groups were men. 
The mean age of the subjects in cannabis use was 21.02 ± 
1.85. Two-thirds of the subjects were graduates (n = 39, 
78%), from nuclear family (n = 38, 76%), and practising 
Hinduism (n = 38, 76%). Nearly half of the subjects were 
from a middle-class socio-economic background (n = 23, 
46%). More than half of the subjects (n = 28, 56%) were 
consuming 50–100 g of cannabis per day on average. 
The mean duration of cannabis use was 3 ± 1.63 years, 
with the majority of the subjects consuming for the past 
2–4 years (n = 33, 66%). Among other substances used, 
tobacco was the most commonly consumed substance (n 
= 30, 60%) followed by alcohol (n = 26, 52%), whereas 
12 (24%) subjects reported using illicit drugs. Only 4 (8%) 
subjects reported cannabis as their single drug of abuse. 
The mean MoCA score, in the beginning, was 21.8 ± 
2.04. This score increased to 24.08 ± 2.66 when exam-
ined after 3 months of abstinence (Table 1).

Among the cannabis nonuser group, the mean age 
of the subjects was 19.62 ± 1.10. All the subjects were 
perusing graduation (n = 50,100%). Half of the sub-
jects (n = 25, 50%) were from a nuclear family, and 
the other half (n = 25, 50%) were from a joint family. 
Two-thirds of the subjects (n = 38, 76%) belonged to 
the Hindu religion. Nearly half of the subjects (n = 23, 
46%) were from a middle socioeconomic background. 
One-third of the subjects (n = 16, 32%) reported using 
tobacco, and another one-third (n = 18, 36%) reported 
using alcohol. The mean MoCA score was 28.62 ± 0.85 
(Tables 1 and 2).

There was a statistically significant difference 
between MoCA scores of cannabis users and the con-
trol group (P < 0.001) (Table 3). When checked after 3 
months of abstinence, MoCA score was increased to a 
statistically significant level in users group (P < 0.001), 
but the mean score was still less than mean score of the 
control group (24.08 ± 2.66 vs 28.62 ± 0.85, P < 0.001) 
(Tables 4 and 5).

We found a statistically significant relationship 
between duration (r = −0.296, P = 0.036) and quantity 
of cannabis use (r = −0.491, P < 0.001) and a decrease 
in cognitive functioning (Table 6).

Table 1  Sociodemographic data of study subjects

SD standard deviation

Variable Group A (%)
N = 50 (100%)

Group B (%)
N = 50 (100%)

Age in years (Mean ± SD)
21.02 ± 1.85

(Mean ± SD)
19.62 ± 1.10

  18–20 19 (38%) 39 (78%)

  > 20 years 31 (62%) 11 (22%)

Education
  Up to intermediate 4 (2) 0

  Graduation 39 (78) 50 (100)

  Post graduation 07 (48.75) 0

Type of living
  Nuclear 38 (76) 25 (50)

  Joint 12 (24) 25 (50)

Socio-economic status
  Upper 18 (36) 19 (38)

  Middle 23 (46) 23 (46)

  Lower 09 (18) 08 (16)

Religion
  Hindu 38 (76) 36 (72)

  Muslim 10 (20) 12 (24)

  Christian 02 (04) 02 (04)

On-going medicolegal cases
  Yes 11 (22) -

  No 39 (78) -
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Discussion
Cannabis use was highly comorbid with other substance 
use disorders. Illicit drug usage is 10 times more common 
in males than females, and there is a huge gap related to 
treatment for substance use between genders. This could 
be the reason for the representation of only male patients 
in our study.

Cannabis use and other substance use disorders
The National Epidemiologic Survey on Alcohol and 
Related Conditions (NESARC) survey had shown that 
around half of those with cannabis use in the past year 
also met diagnostic criteria for alcohol and nicotine use 
disorders [11]. Among illicit drugs, cocaine, sedatives, 
stimulants, club drugs, and opioid use disorders were 
common in those who use cannabis [12].

In our study, alcohol use and nicotine use were seen in 
52% and 60%, respectively. Other substance use was seen 
in a negligible percentage of subjects. Though cannabis 
along with alcohol and nicotine can act as a gateway drug, 
availability and affordability also play a significant role in 
the presence of other substances of abuse. Exposure to 
other illicit drugs has been low in Andhra Pradesh with 
the exception of cannabis. This might explain the low 
incidence of other illicit drug use in our study sample.

Relationship between cannabis use and cognitive 
functioning
There was a statistically significant difference between 
the mean MoCA scores of cannabis users and the com-
parison group (P < 0.001). The majority of the past stud-
ies have suggested a significant cognitive decline in 
cannabis abusers compared to non-abusers and healthy 
controls [13–16]. Bassiony et  al. in their case-control 
study on 1682 adolescents found that adolescents who 
use cannabis frequently had impairment in cognitive 
functions, and their total MoCA score was less than 
the controls [17]. Bartholomew et  al. reported prospec-
tive memory impairments associated with cannabis use 
in young adults [18]. In India, Wig and Varma reported 
cognitive disturbances such as poor attention span and 
memory deficits in bhang users [19]. Mendhiratta et al. in 
their study reported delayed reaction time, poor concen-
tration, and poor time estimation in long-term cannabis 
users [20].

Table 2  Substance use pattern of study subjects

SD standard deviation, MDMA-3-4 methylenedioxymethamphetamine

Variable Group A (%)
N = 50 (100%)

Group B (%)
N = 50 (100%)

Average cannabis use per day (in grams)
  < 50 20 (40) -

  50–100 28 (56) -

  > 100 02 (04) -

Duration of cannabis use (in years) (Mean ± SD)
3 ± 1.63

  < 2 08 (16) -

  2–4 33 (66) -

  > 4 09 (18) -

Other substance use
  Tobacco 30 (60) 16 (32)

  Alcohol 26 (52) 18 (36)

  Lysergic acid 03 (06) -

  Cocaine 01 (02) -

  MDMA 03 (06) -

  Methamphetamine 01 (02) -

  Solvents 02 (04) -

  Benzodiazepines 01 (02) -

  Magic mushrooms 01 (02) -

  Nil 04 (8) 16 (32)

Table 3  Comparison of MoCA scores between cannabis users 
and nonusers using Z-test

MoCA Montreal Cognitive Assessment test, SD standard deviation, *P < 0.05

Variable Group A Group B p-Value

MoCA score (mean ± SD) 21.8 ± 2.04 28.62 ± 0.85 < 0.001*

Table 4  Comparison of MoCA score in cannabis user’s baseline 
versus after 3 months of abstinence using paired t-test

MoCA Montreal Cognitive Assessment test, SD standard deviation, *P < 0.05

Variable Initial MoCA score MOCA score 
after 3 months of 
abstinence

p-Value

MoCA score (mean 
± SD)

21.8 ± 2.04 24.08 ± 2.66 < 0.001*

Table 5  Comparison of MoCA score in cannabis users after 
3 months of abstinence with base line score of nonusers using 
Z-test

MoCA Montreal Cognitive Assessment test, SD standard deviation, *P < 0.05

Variable MoCA score 
ofgroup A after 
3 months of 
abstinence

MoCA score of 
group B

p-Value

MoCA score (mean 
± SD)

24.08 ± 2.66 28.62 ± 0.85 < 0.001*

Table 6  Relationship between cannabis use and MoCA score 
Pearson correlation test

*P-value < 0.05

Variable r-value p-value

Duration of cannabis use −0.296 0.036*

Quantity of cannabis use −0.491 < 0.001*
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We found a statistically significant negative correlation 
between duration (r = −0.296, P = 0.036) and quantity of 
cannabis use (r = −0.491, P < 0.001) and cognitive func-
tioning in our study subjects. Studies have proven that 
cannabis-related cognitive impairment depends upon 
duration and dosages of use [21]. Adolescents who start 
using cannabis at an early age generally use a very high 
amount of cannabis. Cannabis use during critical devel-
opmental periods in the still-maturing brain may induce 
persistent alterations in brain structure and brain func-
tion. Studies have also proved that cannabis use can alter 
the pruning process in adolescents resulting in long-term 
consequences [22]. Structural imaging studies showed 
abnormalities in hippocampal volumes and grey matter 
density in temporal lobes of cannabis users relative to 
controls [23].

Effect of abstinence on the improvement of cognitive 
function
Wallace et  al. reported improvement in cognitive func-
tions after 2 weeks of monitored abstinence [24]. Rabin 
et al. [25] in their study found that cannabis-related cog-
nitive impairment is state dependant, and they are revers-
ible with a sustained period of abstinence [26]. Other 
studies done on chronic cannabis abusers also found 
significant improvement in cognitive functions after a 
period of more than 1 month of abstinence [26, 27].

In our study, we reassessed the cognitive function-
ing after abstinence period of 3 months from canna-
bis use and found a statistically significant difference in 
MoCA score (P < 0.001). Though there was a significant 
improvement in the mean MoCA score in cannabis users 
after 3 months of abstinence, this score was still lower 
than the MoCA score of the control group, with a statisti-
cal significant difference between these scores (24.08 ± 
2.66 vs 28.62 ± 0.85, P < 0.001). This clearly denotes that 
cannabis use has long-term effects on cognitive func-
tions, and abstinence improves these functions up to 
some extent only. This can be explained by findings of the 
previous studies which found that the structural changes 
induced by chronic cannabis use particularly in the hip-
pocampus and amygdale were persistent even after a pro-
longed period of abstinence resulting in long-term effects 
on cognitive functioning [23].

Limitations of the study
The sample of subjects in our study represents an 
extreme end of the cannabis use spectrum, i.e. patients 
using higher quantities of cannabis for longer duration. 
This may not represent the cannabis users in the commu-
nity. The subjects in the case group are also taking other 
substances of abuse which can also have effect on their 
cognitive functions and their performance on MoCA 

test. Sample size calculation was not done, and the sam-
ple size was small. So generalization of the study findings 
needs to be done carefully. Base level cognitive function-
ing of these subjects before they started using cannabis 
was not available. Initial MoCA score was low in can-
nabis user group, but the cause-effect relationship could 
not be established with the current study design. Though 
we have not used specific cognitive remedial techniques, 
effect of other activities like reading newspapers, partici-
pating in group counselling sessions, physical activities, 
yoga, and meditation on improvement in cognitive func-
tions cannot be ruled out. Long-term cohort studies with 
good number of participants, a sample consisting of sub-
jects with exclusive cannabis use and a rigid study design 
will yield much clear results in future.

Conclusions
Cannabis is perceived as a relatively safe recreational 
drug by young adults due to legalisation for recreational 
use across the world and its portrayal in popular culture. 
Our study clearly shows cognitive deficits in cannabis 
users compared to the nonusers. These cognitive defi-
cits may affect their scholastic abilities, further worsen-
ing their prospective careers. Abstinence from cannabis 
use improves modest but reliable improvement of cogni-
tive functions, but still some deficits are remaining. The 
impairments must be accounted for while formulating 
psychotherapy strategies for these patients. Cannabis use 
also leads to other mental health problems like psychosis, 
depression, and anxiety. However, the young adult pop-
ulation seems to be unaware of the risks with cannabis 
use. So, there is a need for primary prevention strategies 
at a community level like psycho educating the parents, 
teachers and students regarding the ill-effects of canna-
bis, thus reducing the prevalence of cannabis use.
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