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ABSTRACT
Introduction:Cannabis is by far themostwidely used and abused drug listed on theDrugEnforcementAdministration’s Schedule
I, which includes drugs with a high potential for abuse. There is evidence of short-term negative effects of cannabis use on
cognition, but only a limited number of studies have explored the association between cannabis use and age-related cognitive
decline. The aim of the present study was to investigate the relationship between cannabis use and age-related cognitive decline
from early adulthood to late midlife.
Methods: The study population consisted of 5162 men who had participated in Danish follow-up studies on cognitive aging.
These studies included scores on the military intelligence test Børge Prien’s Prøve from both the conscription assessment (mean
age = 20 years; p1 and p99: 18 and 26 years) and from the follow-up (mean age = 64 years; p1 and p99: 55 and 72 years) as well as
extensive data on lifestyle and health from the follow-up questionnaires. The association between cannabis use and age-related
cognitive decline was investigated in linear regression models.
Results: Men with a history of cannabis use had less cognitive decline from early adulthood to late midlife compared to men
without a history of cannabis use.Among cannabis users, neither age of initiation of cannabis use nor frequent usewas significantly
associated with a greater age-related cognitive decline.
Discussion and Conclusions: In a sample of more than 5000 men followed for a mean of 44 years, we found no significant
harmful effects of cannabis use on age-related cognitive decline.
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1 Introduction

Since the 1960s, cannabis use has been rapidly increasing,
especially among younger people, reaching its peak in the
late 1970s (World Health Organization nd; Committee on the
Health Effects of Marijuana: An Evidence Review and Research
Agenda, Board on Population Health and Public Health Practice,
Health and Medicine Division, National Academies of Sciences,
Engineering, andMedicine 2017). Cannabis is currently classified
under Schedule I of drugs by theUnited States Drug Enforcement
Administration, which is a list including drugs with no currently
accepted medical use and a high potential for abuse (USC
Environmental Health & Safety nd). Recreational use of cannabis
is illegal in Denmark; however, according to a recent report from
the Danish Health Authority, 9.7% of the Danish population aged
16–44 use cannabis annually (Sundhedsstyrelsen 2022). Given
the high prevalence of cannabis use, its potential association with
cognitive decline could have significant implications for public
health. While there is substantial evidence of the short-term
negative effects of cannabis use on cognition and cognitive
development (Dellazizzo et al. 2022; Lubman, Cheetham, and
Yücel 2015; Lyketsos et al. 1999; Noorbakhsh et al. 2020), its link
to age-related cognitive decline has been sparsely studied and
has shown mixed results (Auer et al. 2016; Lorenzetti, Hoch, and
Hall 2020; Lubman, Cheetham, and Yücel 2015; Lyketsos et al.
1999; McKetin et al. 2016; Meier et al. 2012; Watson et al. 2023).
For example, in a New Zealand longitudinal study conducted by
Meier et al. (2012), frequent cannabis use was associated with
steeper cognitive decline over more than 20 years, a decline
that was more pronounced the greater the cannabis use (Meier
et al. 2012). This study further revealed that adolescent cannabis
users were particularly vulnerable to more substantial IQ decline
compared to those who initiated cannabis use in adulthood
(Meier et al. 2012). Similarly, in an American longitudinal study
by Auer et al. (2016), prior cannabis exposure was associated with
impaired verbal memory, although it did not appear to affect
other cognitive domains (Auer et al. 2016). Contrarily, Lyketsos
et al. (1999), in another American longitudinal study, found
no significant differences in cognitive decline between heavy
cannabis users, light users, and nonusers (Lyketsos et al. 1999).
This is consistent with findings from an Australian longitudinal
study byMcKetin et al. (2016), which suggested that cannabis use
was not correlated with accelerated cognitive decline (McKetin
et al. 2016). Finally, in an American longitudinal study of older
adultswithHIV byWatson et al. (2023), occasional cannabis users
demonstrated better overall cognitive performance compared to
nonusers, but the rates of cognitive decline and everyday function
did not vary according to the average cannabis use (Watson
et al. 2023).

The present study aimed to investigate the association between
cannabis use and age-related cognitive decline from early adult-
hood to late midlife in a population of 5162 men. In addition, we
aimed to investigate whether this association depended on age
of initiation of cannabis use and the number of years of frequent
cannabis use.

2 Methods

2.1 Study Population

This study used data from the Danish Aging and Cognition
(DanACo) cohort, which was designed to study predictors of age-
related cognitive decline from young adulthood to late midlife
(Grønkjær et al. 2024). The cohort was based on a pooling of two
follow-up studies (LiKO-15 and DiaKO-19) with identical design.
The studies were based on reassessments of cognitive abilities in
late midlife using the conscription board intelligence test (Børge
Priens Prøve [BPP]) (Grønkjær et al. 2024), with a mean retest
interval of 44 years (p1 and p99: 35 and 53 years). In Denmark,
all men must appear before the conscription board between the
ages of 18 and 26, though a small proportion is exempt due to
certified disqualifying diseases (Forsvarsministeriet 2006). The
follow-up studies compared the military intelligence test results
from conscription with those from the follow-up examination
and included a comprehensive questionnaire on socioeconomic,
lifestyle, and health-related factors (Grønkjær et al. 2024). In
total, 5340 men participated in the follow-up studies with an
overall participation rate of 14.3% (Grønkjær et al. 2024), but
due to technical problems and missing data on cannabis use,
178 participants were excluded, resulting in a study sample
comprising 5162 men born in 1949–1961. The examinations at
conscription were conducted in 1967–1989, when the men had a
mean age of 20 years (Grønkjær et al. 2024) (p1 and p99: 18 and
26 years). The follow-up examinations were conducted in 2015–
2017 and 2019–2022, when the men had a mean age of 64 years
(Grønkjær et al. 2024) (p1 and p99: 55 and 72 years).

2.2 Cannabis Use

Information regarding former or current use of illicit drugs in
Denmark was collected at the follow-up examination. Informa-
tion on cannabis use was analyzed as a binary variable indicating
whether the men had ever used cannabis. Men with a current or
former cannabis use at follow-up will be referred to as cannabis
users, while men who have never or almost never used cannabis
will be referred to as nonusers. Self-reported information on
age of initiation was categorized into three groups: < 18, 18–25,
and > 25 years. Information on frequency of cannabis use was
only available in LiKO-15, that included a question on how often
(Never/Almost never, Less than once a month, Approximately
once a month, A couple of times a month, Approximately once
a week, A couple of times a week, Every day/Almost every
day) the men had used different types of illicit drugs during
different age periods (< 15, 15–18, 19–25, 26–30, 31–40, 41–50, 51–
60, > 60 years) as well as within the last 12 months (see Table
S1). Frequent cannabis use was operationalized as using cannabis
a couple of times a week or more. No frequent use indicated
that they had never (i.e., in none of the age periods specified
above) used cannabis twice a week or more often, regardless of
how long they had been using it. The years of frequent cannabis
use were calculated by adding the number of years for each age
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category (e.g., 7 years for the category “19–25 years”) in which the
men indicated a frequent use by the definitions specified above,
thus assuming a consistent use within each age period. Years of
frequent cannabis use included any combination of age periods
between initiation and the present, regardless of how recent or
how long ago the usage occurred. The years of frequent cannabis
use were then categorized into three groups: no frequent use,
≤ 10 years of frequent cannabis use, and > 10 years of frequent
cannabis use.

2.3 Cognitive Decline

In the present study, cognitive declinewas defined as the difference
in IQ between the two assessments of cognitive ability conducted
in early adulthood and late midlife, respectively. Cognitive ability
was assessed using BPP, which has been demonstrated to have
high reliability and validity and is highly correlated with the full-
scale IQ of the Wechsler Adult Intelligence Scale (Mortensen,
Reinisch, and Teasdale 1989; Teasdale et al. 2011). The BPP is
a group-administered and timed intelligence test containing 78
items distributed on four subtests: letter matrices (19 items),
verbal analogies (24 items), number series (17 items), and geo-
metric figures (19 items) (Teasdale 2009). The total BPP score
corresponding to the number of correct answers to the four
subtests with values ranging from 0 to 78 is available from the
conscription board and follow-up examinations. The total BPP
scores were linearly converted to a standardized IQ scale with
a sample mean of 100 and a standard deviation of 15, using the
conscription scores as a reference.

2.4 Covariates

Retest interval (years) was calculated as the difference between
the age at the conscription board and the age at the follow-up
examinations. From the follow-up examinations, both informa-
tion on self-reported school education and post-school vocational
training and education was available. Based on this information,
a combinedmeasure of years of educationwas calculated. Years of
weekly extreme binge drinkingwere calculated using the frequency
of consuming ≥ 10 units of alcohol on the same occasion
(seven response categories from Never/Almost never to every
day/Almost every day) for each age period, as well as the duration
of the period, assuming consistent alcohol use within each age
period. Information on smoking was used to categorize the men
into never, former, or current smokers at the time of the follow-up
examination.Use of other illicit drugswas a dichotomous variable
categorizing the men according to whether they had ever used
other illicit drugs than cannabis (e.g., amphetamine, LSD, or
heroine).

Psychiatric and somatic morbidity was based on information on
hospital admission diagnoses from theDanishPsychiatricCentral
Research Register (PCRR) and the Danish National Patient
Registry (DNPR) (Lynge, Sandegaard, and Rebolj 2011; Mors,
Perto, andMortensen 2011). Psychiatricmorbiditywas categorized
as a binary variable based on whether the men had ever been
registered with an in- or outpatient diagnosis in PCRR before
the follow-up examination. For somatic morbidity, information
fromDNPRwas used to calculate theCharlson Comorbidity Index

score (CCI) (for more details, see Charlson et al. 1987). Higher
CCI indicate more somatic morbidity.

2.5 Statistical Methods

The characteristics of the study sample were presented for the
full sample and separately for cannabis users and nonusers.
Unadjusted differences were analyzed using Welch’s t-test. In
Table 1, the change in cognitive functions from baseline to follow-
up is referred to as IQ change and is presented with mean and
standard deviation.

The association between the predictors (i) cannabis use, (ii) age
of initiation of cannabis use, and (iii) years of frequent cannabis
use, respectively, and the outcome age-related cognitive decline
from early adulthood to late midlife was analyzed using linear
regression. The assumptions for the linear regressionmodel were
assessed and fulfilled. All analyses were carried out using SPSS
29.0.0.0.

Initial analyses of interaction were conducted to examine poten-
tial interactions between the use of other illicit drugs and all three
exposure variables. No significant interactions were found.

Five regression models, including different covariates, were
tested in each analysis: An unadjusted model; Model 1: age
at follow-up, retest interval, IQ at conscription, and years of
education; Model 2: Model 1 + years of extreme binge drinking,
smoking, and use of other illicit drugs; Model 3: Model 1 + psy-
chiatric history and CCI; and Model 4: a fully adjusted model
including all mentioned covariates.

3 Results

3.1 Characteristics of the Study Population

The study population consisted of 5162 men, with a mean
cognitive decline of 6.2 IQ points over an average of 44 years.
Among the total population, 39.3% had used cannabis at least
once. Cannabis users had a slightly higher average IQ at con-
scription, while the mean IQ difference between cannabis users
and nonusers was somewhat larger at the follow-up. Differences
in mean ages and retest interval were also small but significant,
while more substantial differences were observed for lifestyle and
psychiatric disorders. Cannabis users had a higher proportion of
current or former smokers, more years of extreme binge drinking,
and a substantially higher proportionwith a history of use of other
illicit drugs. Finally, a higher proportion of the cannabis users had
previous hospital diagnoses with psychiatric disorders.

3.2 Cannabis Use and Cognitive Decline

In Table 2, the reference group consisted of nonusers. This
group had an unadjusted mean cognitive decline of 6.8 IQ
points (SD = 9.5) (see Table 1). Results of both the unadjusted
and adjusted models showed significantly less cognitive decline
among cannabis users compared to nonusers. In the unadjusted
model, cannabis use was associated with 1.5 IQ points less
cognitive decline than the decline among nonusers, and in the
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TABLE 1 Characteristics of the study sample of 5162 men in relation to ever cannabis use.

Have used cannabis

Variables No Yes Total p valuea

n (%) 3134 (60.7) 2028 (39.3) 5162
IQ (mean [SD])
Conscription 99.51 [15.19] 100.77 [14.67] 100.00 [15.00] 0.003
Follow-up 92.68 [14.95] 95.48 [13.77] 93.78 [14.56] < 0.001
IQ change −6.82 [9.54] −5.29 [9.88] −6.22 [9.70] < 0.001

Age at examination, years (mean [SD])
Conscription 20.03 [2.08] 20.25 [2.20] 20.12 [2.13] < 0.001
Follow-up 64.50 [4.03] 63.54 [4.03] 64.12 [4.06] < 0.001
Retest interval length 44.47 [4.37] 43.30 [4.15] 44.01 [4.32] < 0.001

Years of education (mean [SD]) 12.49 [4.47] 12.99 [4.10] 12.69 [4.34] < 0.001
Smoking < 0.001
Never (n (%)) 1444 (46.1) 273 (13.5) 1717 (33.3)
Former (n (%)) 1317 (42.0) 1327 (65.4) 2644 (51.2)
Current (n (%)) 373 (11.9) 428 (21.1) 801 (15.5)

Years of weekly extreme binge drinking (mean [SD])b 3.34 [9.34] 6.95 [12.97] 4.76 [11.05] < 0.001
Use of other illicit drugs < 0.001
Yes (n (%)) 21 (0.7) 564 (27.8) 585 (11.3)
No (n (%)) 3113 (99.3) 1463 (72.2) 4576 (88.7)

Charlson Comorbidity Index score (mean [SD]) 0.87 [1.55] 0.82 [1.54] 0.85 [1.55] 0.279
Psychiatric disorders < 0.001
Yes (n (%)) 518 (16.5) 556 (27.4) 1074 (20.8)
No (n (%)) 2616 (83.5) 1472 (72.6) 4088 (79.2)

aAnalyzed using Welch’s t-test.
bYears of weekly extreme binge drinking (≥ 10 units on the same occasion) from the age of 15 to follow-up.

fully adjusted model, the decline was 1.3 IQ points less among
cannabis users compared to nonusers.

3.3 Age of Initiation of Cannabis Use and
Cognitive Decline

Among cannabis users, 51.1% had their cannabis use initiation
before the age of 18, while initiation was between the ages of 18
and 25 for 43.5% and after the age of 25 for 5.4% (data not shown).
In Table 3, the reference group consisted of cannabis users who
initiated cannabis use after the age of 25. This group experienced
an unadjusted mean cognitive decline of 5.8 IQ points (SD = 10.1)
(data not shown). Results of both the unadjusted and adjusted
models showed a nonsignificant association between the age of
initiation of cannabis use and cognitive decline.

3.4 Years of Frequent Cannabis Use and
Cognitive Decline

Information regarding years of frequent cannabis use was only
available for LiKO-15 (n = 1114). Among cannabis users, 78.3%

had never had a frequent (at least twice a week) use of cannabis,
whereas 10.1% had been frequent cannabis users for less than
10 years and 11.7% had been frequent cannabis users for 10 years
or more (data not shown). In Table 4, the reference group was the
group without frequent use of cannabis. This group experienced
an unadjusted mean cognitive decline of 4.5 (SD = 8.9) (data
not shown). Results of both the unadjusted and adjusted models
showed no significant differences in cognitive decline between
men with and without frequent cannabis use.

4 Discussion

4.1 Main Findings

In this study of 5162 Danish men, the mean cognitive decline
was found to be 6.2 IQ points over an average of 44 years.
Notably, cannabis users exhibited statistically significantly less
cognitive decline compared to nonusers. In the fully adjusted
model, cannabis use was associated with 1.3 IQ points less
cognitive decline than the decline observed in the reference
group. However, the estimated difference in cognitive decline
between cannabis users andnonuserswasmodest (corresponding
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to 7% of a standard deviation) and may not hold clinical signif-
icance. Among cannabis users, no significant associations with
age-related cognitive decline could be demonstrated for age of
initiation of cannabis use. Years of frequent cannabis use were
generally associated with no significant difference in cognitive
decline when compared with no frequent use.

4.2 ComparisonWith Previous Studies

Few studies with comparable long-term follow-up periods exist,
and most found no differences in cognitive decline between
cannabis users and nonusers. However, the limited studies on
this topic employed different methods than those utilized in the
present study, making direct comparisons less straightforward.
However, our findings do align with results from previous studies
indicating no greater age-related cognitive decline associatedwith
cannabis use. In an Australian longitudinal study, 1897 men and
women aged 40–46 were followed over 8 years, and it was found
that cannabis use was not associated with accelerated cognitive
decline in middle-aged adults (McKetin et al. 2016). Similarly, an
American longitudinal study followed 1318men andwomen aged
18–64 over 12 years, finding no differences in cognitive decline
between heavy users, light users, and nonusers of cannabis
(Lyketsos et al. 1999). Finally, in an American longitudinal
study of 297 older adults with HIV, occasional cannabis users
demonstrated better overall cognitive performance compared to
nonusers, although the rates of cognitive decline and everyday
function did not vary with the level of cannabis use (Watson et al.
2023).

The observed association of less cognitive decline among
cannabis users compared to nonusers in this study may reflect
characteristics of cannabis users rather than the direct effects of
cannabis itself. For example, cannabis users tended to have higher
baseline IQ and education levels, and they tended to smoke more
tobacco and consume more alcohol. Hence, it is reasonable to
assume that additional unmeasured factors might influence the
association, potentially confounding the result. Nevertheless, our
findings of less cognitive decline among cannabis users compared
to nonusers align with previous in vivo studies indicating that
cannabinoids have a positive impact on cognitive function and
memory in rats (Marchalant et al. 2008) and mice (Bilkei-Gorzo
et al. 2017; Sarne et al. 2018).

The lack of associations of both age of initiation of cannabis use
and years of frequent cannabis use with age-related cognitive
decline among cannabis users does not align with a longitudinal
cohort study from New Zealand (Meier et al. 2012). In this study,
1037 men and women were followed from birth (1972/1973) to
the age of 38 with a neuropsychological assessment at the age
of 13, before the initiation of cannabis use, and again at the
age of 38, after the development of a consistent use of cannabis
(Meier et al. 2012). Frequent cannabis use was associated with
a decline in IQ in various domains, with the largest decline in
users with initiation in adolescence (Meier et al. 2012). However,
the age period was not comparable with the present study, and
the findings might, to a larger degree, reflect the effect of current
cannabis use, whereas our study investigates adult life cannabis
use with a low proportion of current users. Furthermore, the
definition of frequent cannabis use differed from our definition,
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as frequent cannabis use was defined as 4 days or more per
week, whereas in the present study it was defined as a couple of
times a week or more. Several studies suggest that the negative
effects of cannabis on cognitive functions can be reversed with
prolonged abstinence (Schreiner and Dunn 2012; Schulte et al.
2014; Tait, Mackinnon, and Christensen 2011). Adverse effects
were not apparent after 3months of sustained abstinence, even in
former heavy users, indicating that frequent cannabis usemaynot
cause irreversible damage (Schulte et al. 2014; Tait, Mackinnon,
and Christensen 2011.). In the present study, the majority (92.4%)
of cannabis users had not used cannabis in the year leading up
to the follow-up, which could explain the lack of negative effects
on cognition due to potential recovery from any cognitive damage
caused by previous cannabis use. Moreover, the outcomes might
be influenced by amultitude of other variables, particularly given
that the average follow-up duration in the present study spans
44 years.

4.3 Methodological Considerations

4.3.1 Strengths

The setup of the DanACo cohort allowed the investigation of
the cognitive decline of 5162 men from early adulthood to late
midlife using the same intelligence test at baseline and follow-
up. The long retest interval of on average 44 years minimized
the practice effect, ensuring more reliable cognitive decline
estimations (Grønkjær et al. 2019). The timing of the intelligence
assessments was also advantageous, with conscription measure-
ments capturing fluid intelligence close to its peak, enabling a
more accurate assessment of cognitive decline. At the follow-up
examination, the age-related cognitive decline was likely to have
started in most men, but the risk of diseases causing pathological
cognitive decline would still be relatively low (Grønkjær et al.
2019). In addition, the study’s strength lies in the availability
of comprehensive data on predictors and covariates obtained
from follow-up questionnaires and the Danish national health
registers.

4.3.2 Limitations

While questionnaires and registers allowed for the inclusion
of potential confounders, unmeasured or residual confounding
might still be present. A potential confounder could be person-
ality differences. However, we found that including measures of
personality did not have a significant impact on the association
between cannabis use and cognitive decline and thus did not
include them in the analyses. Information concerning cannabis
use was based on retrospective self-reports from the follow-up
examination. Thus, recalling detailed information about cannabis
use and other factors may have been challenging, particularly for
men experiencing greater cognitive decline. However, cannabis
users have generally been found to have an accurate recall of both
their usage and age of initiation (Shillington et al. 1995). The use
of self-reporting also necessitates considering the risk of social
desirability bias. Since the questionnaire addresses sensitive
topics like illicit drug use and alcohol consumption, participants
may have underreported their usage, potentially introducing bias

into the analysis. However, the anonymity of participants was
expected to reduce the risk of social desirability bias.

The main limitation of the present study is the low participation
rate in the DanACo cohort. Only 14.3% of the invited men
participated in the follow-up examinations, which may affect the
generalization of the results and increase the risk of selection bias.
It has been shown that the participants of the DanACo cohort
had higher intelligence test scores, lower morbidity (CCI), and
higher education compared to non-participants (Grønkjær et al.
2024). It is possible that men with heavy cannabis use, currently
as well as previously, were less likely to participate in the follow-
up studies. However, it is not obvious that their willingness to
participate would be dependent on their cognitive decline. In
addition, the study population consists exclusively of men, and
generalization of the results to women may thus not be possible
due to the gender-dependent effects of cannabis use on cognitive
functioning (Noorbakhsh et al. 2020; Schnakenberg Martin et al.
2021).

In the present study, the sample size was reduced in the analyses
regarding age of initiation of cannabis use and years of frequent
cannabis use by including only cannabis users. In addition,
the analysis of frequent use was limited to LiKO-15, and most
cannabis users had their cannabis debut before the age of 25, with
relatively few using cannabis frequently. Thus, non-significant
findings may result from insufficient statistical power. As the
brain of people under 25 years of age is assumed to be more
vulnerable due to ongoing development and maturation (Arain
et al. 2013; Lubman, Cheetham, and Yücel 2015), early cannabis
use may affect cognitive development and complicate assessing
age-related cognitive decline. Furthermore, the present study
did not distinguish between cannabis use before and after the
conscription board examination, nor frequent use before and
after brain maturation. If the men had frequent cannabis use
during their cognitive test at conscription, it could have resulted
in an artificially low baseline IQ score. In addition, the study
could not differentiate between cannabis and other drug use
in different age periods, with 27.8% of users having tried other
drugs, possibly leading to residual confounding in the analysis of
frequent cannabis use.

5 Conclusion

In the present study, we aimed to investigate the relationship
between cannabis use and age-related cognitive decline from
early adulthood to late midlife. This study contributes to the
sparse knowledge on this subject and aligns with most existing
studies, suggesting no association between cannabis use and
greater cognitive decline. More specifically, in the present study,
cannabis users experienced slightly less cognitive decline com-
pared to nonusers, and the association remained significantwhen
controlling for potential confounders. Among cannabis users, no
significant associationwas foundwith cognitive decline for either
age of initiation of cannabis use or frequent cannabis use. Further
studies are needed to investigate whether these findings reflect
that there are no adverse effects on cognitive decline or that the
effects of cannabis are temporary and disappear after a prolonged
period of time.
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