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Summary

Background—Cannabis is often characterised as a young person’s drug. However, people

who began consuming cannabis in the 1970s and 1980s are no longer young and some have
consumed it for many years. This study tested the preregistered hypothesis that long-term cannabis
users show accelerated biological ageing in midlife and poorer health preparedness, financial
preparedness, and social preparedness for old age.

Methods—In this longitudinal study, participants comprised a population-representative cohort
of 1037 individuals born in Dunedin, New Zealand, between April, 1972, and March, 1973, and
followed to age 45 years. Cannabis, tobacco, and alcohol use and dependence were assessed at
ages 18 years, 21 years, 26 years, 32 years, 38 years, and 45 years. Biological ageing and health,
financial, and social preparedness for old age were assessed at age 45 years. Long-term cannabis
users were compared using independent samples ¢tests with five groups: lifelong cannabis
non-users, long-term tobacco users, long-term alcohol users, midlife recreational cannabis users,
and cannabis quitters. In addition, regression analyses tested dose-response associations for
continuously measured persistence of cannabis dependence from age 18 years to 45 years, with
associations adjusted for sex, childhood socioeconomic status, childhood 1Q, low childhood self-
control, family substance dependence history, and persistence of alcohol, tobacco, and other illicit
drug dependence.

Findings—Of 997 cohort members still alive at age 45 years, 938 (94%) were assessed at age
45 years. Long-term cannabis users showed statistically significant accelerated biological ageing
and were less equipped to manage a range of later-life health, financial, and social demands

than non-users. Standardised mean differences between long-term cannabis users and non-users
were large: 0-70 (95% CI 0-46 to 0-94; p<0:0001) for biological ageing, —0-72 (-0-96 to —0-49,
p<0-0001) for health preparedness, —1-08 (-1-31 to —0-85; p<0-0001) for financial preparedness,
and —-0-59 (-0-84 to —0-34, p<0-0001) for social preparedness. Long-term cannabis users did not
fare better than long-term tobacco or alcohol users. Tests of dose—response associations suggested
that cannabis associations could not be explained by the socioeconomic origins, childhood 1Q,
childhood self-control, and family substance-dependence history of long-term cannabis users.
Statistical adjustment for long-term tobacco, alcohol, and other illicit drug dependence suggested
that long-term cannabis users’ tendency toward polysubstance dependence accounted for their
accelerated biological ageing and poor financial and health preparedness, although not for their
poor social preparedness (f —0-10, 95% CI —0-18 to —0:-02; p=0-017).

Interpretation—Long-term cannabis users are underprepared for the demands of old age.
Although long-term cannabis use appears detrimental, the greatest challenge to healthy ageing

is not use of any specific substance, but rather the long-term polysubstance use that characterises
many long-term cannabis users. Substance-use interventions should include practical strategies for
improving health and building financial and social capital for healthy longevity.

Introduction

Increasingly permissive cannabis policies around the world have spurred questions about

the long-term consequences of cannabis use. Accumulating evidence suggests that long-term

cannabis use is associated with poorer functioning in several domains.12 Crucially, some
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of the affected domains, including cognitive, financial, and social functioning, support
healthy ageing and longevity,3-> suggesting the hypothesis that long-term cannabis users
might be poorly prepared for the demands of old age. However, few studies have followed
cannabis users beyond young adulthood to evaluate this hypothesis. This scarcity of research
represents a significant gap in the literature because the prevalence of cannabis use is
increasing rapidly among midlife and older adults,®” many of whom began using cannabis
as adolescents.5 Moreover, over the next decade, the number of older adults in Europe

and the USA will swell to an unprecedentedly high proportion of the population,®° which
will increase demands on health-care and social welfare systems. Although the evidence
for an association between cannabis use and early mortality is mixed,10-12 cannabis use is
associated with excess years lived with disability.12 Therefore, it is crucial to investigate
whether long-term cannabis use is a modifiable risk factor for poorer ageing.

We reported that long-term cannabis users show cognitive deficits that are comparable in
size to deficits observed among midlife individuals who go on to develop dementia in later
life.13 This finding is consistent with the notion that long-term cannabis users show reduced
midlife cognitive reserves, with cognitive reserves referring to having enough cognitive
ability to handle ageing-related decline in brain health without developing dementia.14 Here,
using data from the same population-representative birth cohort followed to midlife, we
examined whether long-term cannabis users show accelerated biological ageing in midlife,
as well as poorer health, financial, and social preparedness for old age. Preparedness is
conceptually similar to cognitive reserves in that a person with better preparedness starts
from a healthy point in midlife with ample health, financial, and social reserves to meet
ageing-related challenges. We focused on midlife because midlife functioning determines
later life trajectories.1® We also focused on biological ageing and midlife health, financial,
and social preparedness for older age because each of these domains is related to health span
(appendix pp 1-8). Moreover, evidence from cannabis studies of adolescents and younger
adults,2:16-19 and the few cannabis studies of adults in midlife and older adults (appendix pp
9-12),20-24 sypport cannabis use associations with these domains.

To test the hypothesis that long-term cannabis use is associated with accelerated biological
ageing in midlife and poorer ageing preparedness in the domains of health, financial, and
social functioning, we compared long-term cannabis users with five informative groups: (i)
lifelong cannabis non-users, selected to represent the control group used in case-control
studies; (ii) long-term tobacco users and (iii) long-term alcohol users, selected to serve as
benchmark comparisons for long-term cannabis users, thereby providing important context
for addressing the claim that cannabis is safer than alcohol and tobacco and informing

the need for policy and treatment efforts targeting cannabis specifically; (iv) midlife
recreational cannabis users, selected to represent people who use cannabis infrequently and
do not experience cannabis-related problems, because most people who use cannabis use

it infrequently and do not experience problems25 and may not show the same degree of
risk for poorer ageing as long-term users; and (v) cannabis quitters, selected to ascertain
whether cannabis cessation is associated with better midlife ageing preparedness. In addition
to group comparisons, we conducted complementary tests of dose—response associations
between persistence of cannabis dependence and midlife functioning, with associations
rigorously adjusted for several confounders measured using numerous data waves and
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sources. Robust dose—response associations would be expected if associations were causal.
Findings will inform on the importance of midlife interventions to help long-term cannabis
users build the health, financial, and social capital needed to fortify and sustain them through
later life.

In this population-representative longitudinal study, participants were members of the
Dunedin Longitudinal Study, a representative birth cohort (n=1037; 91% of eligible births;
52% male and 48% female) born between April, 1972, and March, 1973, in Dunedin, New
Zealand, who were eligible on the basis of residence in the province and who participated
in the first assessment at age 3 years. The cohort represents the full range of socioeconomic
status in the general population of New Zealand’s South Island.26 As adults, the cohort
matched the New Zealand National Health and Nutrition Survey on key health indicators
(eg, body-mass index, smoking, physical activity, and physician visits),26 and the New
Zealand Census of citizens the same age on educational attainment.2” The cohort was
primarily White (93%), which matched South Island demographics. Assessments were
carried out at birth and ages 3 years, 5 years, 7 years, 9 years, 11 years, 13 years, 15

years, 18 years, 21 years, 26 years, 32 years, and 38 years, and most recently (completed

in April, 2019), 45 years. Participants gave written informed consent. Study protocols were
approved by the New Zealand Health and Disability Ethics Committee.

Measures are briefly described here. Descriptions and source information for all measures,
including reliability and validity, are provided in the appendix (pp 1-8).

Substance use histories—Analyses used two types of exposures. The first, qualitative
measurement, compared long-term cannabis users with five comparison groups. Analyses
identified subsets of participants who met criteria for preregistered groups described
hereafter. If a participant did not meet the criteria for a group, they were not included

in group comparisons. The second, quantitative measurement, assessed the extent of
persistence or chronicity of cannabis dependence, and other substance dependence, across
the life course. These analyses used the full cohort.

Long-term cannabis users and five comparison groups—At ages 18 years, 21
years, 26 years, 32 years, 38 years, and 45 years, participants were interviewed about

their substance use using the Diagnostic Interview Schedule, and past-year substance-

use dependencies were assessed following Diagnostic and Statistical Manual of Mental
Disorders criteria. This information was used to identify long-term cannabis users and five
comparison groups (figure 1; table 1).

Long-term cannabis users (n=86) used cannabis every week or more frequently in the past
year at age 45 years, or were dependent on cannabis at age 45 years, and also used cannabis
every week or more frequently at one or more previous assessment waves. Of these users, 27
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[31%] used cannabis before age 18 years, 77 [89-5%] used regularly (on 4 days or more per
week) at one or more waves (mean 3-37 waves, SD=1-36), and 62 [72%] met the Diagnostic
and Statistical Manual of Mental Disorders criteria for cannabis dependence (appendix p 1)
at one or more waves (one wave [n=23], two waves [n=13], three waves [n=13], four or
more waves [n=13]). Cannabis consumption at age 45 years in long-term cannabis users was
a median of 300 (IQR 209) days in the past year, with 55 [64%] long-term cannabis users
using cannabis on 4 days or more per week.

Lifelong cannabis non-users (comparison group 1; n=202; 82 [41%] male and 120 [59%]
female) never used cannabis, never had a diagnosis of any substance-use disorder, and never
used tobacco every day.

Long-term tobacco users (comparison group 2; n=75; 30 [40%] male and 45 [60%] female)
smoked tobacco every day at age 45 years and also smoked every day at one or more
previous waves (mean 5-05 waves [SD=0-99]), were mostly free from cannabis at age 45
years, and had no history of weekly cannabis use or dependence.

Long-term alcohol users (comparison group 3; n=57, 32 [56%] male and 25 [44%] female)
drank alcohol every week at age 45 years, had a diagnosis of alcohol dependence at two or
more waves (mean 3-49 waves [SD 0-73]), were mostly free from cannabis at age 45 years,
and had no history of using cannabis every week or cannabis dependence.

Midlife recreational cannabis users (comparison group 4; n=65; 38 [58%] male and 27
[42%] female) used cannabis between 6 days and 51 days per year (ie, used more than a few
times but less than every week) in midlife (at ages 32 years, 38 years, or 45 years), and had
no history of using cannabis every week or cannabis dependence.

Cannabis quitters (comparison group 5; n=60; 37 [62%] male and 23 [38%] female) did
not use cannabis at age 45 years, but previously either were diagnosed with cannabis
dependence or used regularly (for 4 days or more per week).

Persistence or chronicity of substance dependence across the life course—
For persistence or chronicity of cannabis dependence across the life course, participants
were grouped according to those who never used cannabis (n=262); used cannabis but
were never diagnosed with cannabis dependence (n=498); were diagnosed with cannabis
dependence at any one wave (n=85); were diagnosed at two waves (n=39); were diagnosed
at three waves (n=32); and were diagnosed at four waves or more (n=16).

For persistence or chronicity of tobacco dependence across the life course, with dependence
defined by Diagnostic and Statistical Manual of Mental Disorders criteria (appendix pp 1-
2), participants comprised those who never smoked tobacco (n=451); smoked tobacco every
day at one or more assessment waves but were never diagnosed with tobacco dependence
(n=131); and those who were diagnosed with tobacco dependence at any one wave (n=109);
two waves (n=91); three waves (n=63); and four or more waves (n=89). For persistence or
chronicity of alcohol dependence comprised participants who never used alcohol (n=52),
drank alcohol at least every week at one or more assessment waves but were never
diagnosed with alcohol dependence (n=533), and those who were diagnosed with alcohol
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dependence at any one wave (n=181), two waves (n=83), three waves (n=49), and four or
more waves (n=32).

Ageing outcomes

Covariates

At age 45 years, we evaluated four domains indexing preparedness for old age (figure 2).

First, accelerated biological ageing. There were five outcomes for accelerated biological
ageing, comprising pace of ageing, brainAGE (the difference between chronological age and
estimated age based on multiple MRI-derived measures of structural brain integrity), volume
of white matter hyperintensities, gait speed, and facial age. Outcomes were correlated

(15 [absolute values] ranged from 0:09 to 0-33) and were combined to form a composite
measure using principal components analysis. We extracted the first component (mean 0 [SD
1]), which accounted for 36% of the variance.28

Second, health preparedness. There were three outcomes for health preparedness,
comprising practical health knowledge, pessimism toward ageing, and self-predicted life
expectancy. Outcomes were correlated (/s [absolute values] ranged from 0-16 to 0-27) and
were combined to form a composite measure using principal components analysis. We
extracted the first component (mean 0 [SD 1]), which accounted for 46% of the variance.28

Third, financial preparedness. There were four financial preparedness outcomes, comprising
practical financial knowledge, financial planfulness, credit scores, and informant-reported
financial problems. Outcomes were correlated (7 [absolute values] ranged from 0-21 to
0-37) and were combined to form a composite measure using principal components analysis.
We extracted the first component (mean 0 [SD 1]), which accounted for 47% of the
variance.28

Finally, social preparedness. There were three social preparedness outcomes, comprising
social support, loneliness, and life satisfaction. Outcomes were correlated (rs [absolute
values] ranged from 0-48-0-52) and were combined to form a composite measure using
principal components analysis. We extracted the first component (mean 0 [SD 1]), which
accounted for 66% of the variance.?®

Covariates were selected based on theoretical and documented associations with cannabis
use and healthy ageing. Covariates were: sex; childhood socioeconomic origins; childhood
1Q; low childhood self-control; family substance dependence history; persistence of tobacco
dependence; persistence of alcohol dependence; and persistent other illicit drug dependence.

Statistical analysis

We used independent samples ¢tests to compare long-term cannabis users with the

five groups. We used ordinary least-squares regression to test dose—response associations
between persistence of cannabis dependence (continuously measured) and measures of
biological ageing and ageing preparedness, with associations adjusted as follows: for

sex (model 1); sex and childhood socioeconomic status, childhood 1Q, low childhood
self-control, and family substance dependence history (model 2); and the aforementioned
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covariates plus persistence of alcohol, tobacco, and other illicit drug dependence (model
3). We conducted parallel dose-response regression analyses for persistence of tobacco
and alcohol dependence. We reported E values to assess the robustness of dose—response
associations to unmeasured confounding.2® We reported Spearman correlations between
persistence of cannabis dependence and persistence of other substance dependence. All
analyses were done using SAS version 9.4. This study was powered (80%) to detect
dose-response associations of r=0-10 and to detect effect sizes of d=0-38-0-49 between
groups. Analyses were preregistered3° and checked for reproducibility by an independent
data analyst (RH).

Role of the funding source

Results

Funders had no role in study design, in the collection, analysis, and interpretation of data, in
the writing of the report, or in the decision to submit the paper for publication.

Of 997 cohort members still alive at age 45 years, 938 (94%) were assessed at age 45.
Participants aged 45 years did not differ significantly from other participants, including
deceased participants and those still alive who did not take part in the study at that age,
on childhood socioeconomic status, childhood 1Q, or childhood self-control (appendix pp
13-15). Characteristics of the cohort at age 45 years, long-term cannabis users, and five
comparison groups are presented herein (table 1).

Long-term cannabis users fared worse than lifelong cannabis non-users on composite

(ie, principal component) measures of biological ageing, health preparedness, financial
preparedness, and social preparedness, and on individual measures comprising the
composites (table 2). Standardised mean differences between long-term cannabis users
and non-users on composite measures were large: biological ageing (0-70 [95% CI 0-46

to 0-94]; p<0-0001), health preparedness (—0-72 [-0-96 to —0-49]; p<0-0001), financial
preparedness (—1-08 [-1-31 to —0-85]; p<0-0001), and social preparedness (—-0-59 [-0-84 to
-0-34]; p<0-0001).

Long-term cannabis users also differed from non-users on the individual measures
comprising the composites (table 2). Specifically, compared with cannabis non-users
(comparison group 1), long-term cannabis users had significantly greater age-related decline
in their bodies, more signs of brain ageing, slower gait speed, older facial age, less health
knowledge, shorter self-predicted life expectancy, less financial knowledge, less monetary
savings and investments, lower credit scores, more financial problems, less social support,
greater loneliness, and less satisfaction with life. Long-term cannabis users also fared worse
than midlife recreational cannabis users on most outcomes and fared worse than cannabis
quitters in terms of accelerated biological ageing and financial preparedness. Long-term
cannabis users fared worse than long-term alcohol users in all domains except social
preparedness and fared similarly to long-term tobacco users in all domains (table 2).

Consistent with group comparisons, tests of dose—response associations showed that people
who used cannabis more persistently from age 18 years to 45 years fared worse on
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composite (ie, principal component) measures of biological ageing and health, financial,
and social preparedness in midlife than people who used cannabis less persistently or not
at all (table 3, model 1). Associations were also observed for the constituent measures
comprising the composites (appendix p 16). Associations could not be explained by
childhood risks, including low socioeconomic status, low 1Q, low self-control, and family
substance dependence history (table 3, model 2). After additionally adjusting for persistent
tobacco, alcohol, and other illicit drug dependence, people who used cannabis more
persistently showed poorer social preparedness in midlife but not accelerated biological
ageing or poorer health or financial preparedness (table 3, model 3).

To ascertain which substance, if any, accounted for reduced cannabis associations, dose—
response associations were sequentially adjusted for persistent tobacco, alcohol, and other
illicit drug dependence (appendix pp 17-18). The combination of adjusting for persistent
tobacco, alcohol, and other illicit drug dependence, collectively, resulted in the greatest
reduction in associations between persistence of cannabis dependence and each outcome.

People who used tobacco more persistently from age 18 years to 45 years exhibited
accelerated biological ageing and poorer health, financial, and social preparedness in midlife
compared with people who used tobacco less persistently or not at all (table 4, model 1).
Associations could not be explained by childhood risks (table 4, model 2). Moreover, after
additionally adjusting for persistent cannabis, alcohol, and other illicit drug dependence,
people who used tobacco more persistently still showed poorer functioning in all domains
except social preparedness (table 4, model 3).

People who used alcohol more persistently from age 18 years to 45 years exhibited
accelerated biological ageing and poorer health, financial, and social preparedness in midlife
than people who used alcohol less persistently or not at all (table 5, model 1). Associations
could not be explained by childhood risks (table 5, model 2). However, after additionally
adjusting for persistent cannabis, tobacco, and other illicit drug dependence, people who
used alcohol more persistently only showed poorer social preparedness and not accelerated
biological ageing, poorer health preparedness, or poorer financial preparedness (table 5,
model 3).

To ascertain the robustness of associations to unmeasured confounding, we computed

E values for dose—response associations that were statistically significant after covariate
adjustment for family background and childhood characteristics and for persistent
dependence on other substances.3! E values represent how large a relative-risk ratio would
need to be between an unmeasured confounder and exposures and outcomes to fully account
for observed associations. The E value for the association between persistence of cannabis
dependence and social preparedness was 1-42, which represents the risk ratio needed for
unmeasured confounders after adjustment for measured confounders. E values for tobacco
and alcohol associations were similar (appendix p 19).

People who were persistently dependent on a substance, whether it was cannabis, tobacco,
or alcohol, showed accelerated biological ageing and poorer ageing preparedness in midlife
than people who were not dependent or who were less persistently dependent. Associations
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for each substance were reduced after adjusting for persistent dependence on the other
substances, which is unsurprising given considerable polysubstance dependence in the
population (appendix p 20). People who were persistently dependent on several substances
consistently fared the worst in terms of biological ageing and midlife health, financial, and
social preparedness (appendix pp 21-25).

Discussion

We followed a representative birth cohort for 45 years, which allowed us to characterise
long-term cannabis users’ biological ageing and midlife preparedness for old age. By
midlife, long-term cannabis users were biologically older than non-users of the same
chronological age and were substantially behind age-matched peers in terms of preparing
for the health, financial, and social challenges of later life. Standardised mean differences
between long-term cannabis users and non-users on composite measures of biological
ageing, and health, financial, and social preparedness revealed large effects, ranging from
0-59 (social preparedness) to 1-08 (financial preparedness) SD units. Importantly, these
associations could not be explained by childhood risks, including low socioeconomic status,
low 1Q, low self-control, and family history of substance dependence.

Long-term cannabis users also use tobacco, alcohol, and other illicit drugs,32 and, in
research, as in the real world, disentangling the effects of substances is a challenge. We
addressed this in two complementary ways, by comparing long-term cannabis users with
long-term tobacco users and long-term alcohol users and by examining dose—response
associations for persistent dependence on each substance after accounting for persistent
dependence on the other substances. Results across the two approaches suggested that
poorer midlife ageing is not specific to long-term cannabis users. The pattern of dose—
response associations for each substance (cannabis, tobacco, and alcohol) after accounting
for the other substances, other illicit drug dependence, and childhood risks revealed four
noteworthy findings. First, persistence of cannabis dependence remained robustly associated
with poorer midlife social preparedness, suggesting that poorer social preparedness among
long-term cannabis users might be, at least in part, a consequence of long-term cannabis
use. Long-term cannabis users were disappointed with life and short of social support, even
after accounting for childhood covariates and persistent dependence on other substances.
Second, persistence of tobacco dependence remained robustly associated with accelerated
biological ageing, poorer health preparedness, and poorer financial preparedness, but

not poorer social preparedness, suggesting that long-term tobacco use harms health and
finances, consistent with previous research.33-36 Third, persistence of alcohol dependence
was robustly linked with poorer social preparedness, suggesting damaging effects of long-
term alcohol use on personal relationships. Fourth, the pattern of findings suggests that it is
persistent polysubstance dependence that is associated with the poorest ageing preparedness,
highlighting the powerful nature of polysubstance dependence.

This study has limitations. First, observational studies cannot demonstrate causality.
Nonetheless, we rigorously addressed confounding in two ways. We incorporated numerous
confounding factors identified in the literature, including growing up in socioeconomically
deprived circumstances, low childhood 1Q, poor childhood self-control, family substance
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dependence history, and persistent dependence on other substances, using unusually

strong measures derived from multiple waves and data sources, and found that cannabis
use remained associated with poorer midlife social preparedness. Furthermore, we also
computed E values, which suggested that unmeasured confounders would have to show
associations with cannabis use and social preparedness on the scale of 1-42 in terms of
relative risk, after accounting for measured confounders (childhood socioeconomic status,
1Q, and self-control; family substance dependence history and persistent dependence on
tobacco, alcohol, and other illicit drugs), to fully explain cannabis associations. Analyses
did not adjust for psychopathology, which could confound or mediate cannabis associations.
Cannabis associations with psychopathology will be explored in future work. Overall, our
findings contribute new knowledge on the social functioning of long-term cannabis users
in midlife and suggest the association is larger and more robust than previously reported
(appendix pp 9-12). These results could have arisen because we used valid prospective
measures to characterise much longer-term cannabis use and used richer measures of social
functioning.

Second, cannabis use was based on self-reports. Although biological testing can verify
self-reports of cannabis use,3” limitations include false negatives for lighter (weekly or less)
users (who represent the majority of users), short detection windows, and the inability

to characterise the intensity and duration of cannabis exposure. Self-reports obtained
prospectively across decades are necessary for characterising the intensity and duration of
cannabis use over a lifetime, and Dunedin participants were interviewed repeatedly over

a lifetime. Moreover, due to the longevity of the Dunedin study, participants have learned
to trust the confidentiality guarantee and revealed significantly more cannabis use than a
research-naive same-age sample.38

Third, participants were followed to age 45 years. Therefore, we could not characterise the
functioning in older adulthood of long-term cannabis users. However, previous research has
shown that the indicators of poorer midlife functioning that we selected are associated with
poorer health span (appendix pp 1-8). Fourth, findings are based on a single cohort from
New Zealand. Information about New Zealand and how it compares to other nations is
presented in the appendix (p 26). Fifth, the cohort began using cannabis in the 1980-90s.
The concentration of delta-9-tetrahydrocannabinol, 3940 the main psychoactive constituent
of cannabis, is much higher in the cannabis available today, suggesting the possibility that
associations may be even stronger than shown here. Data are needed in contemporary
cohorts. Finally, measurement error and model misspecification could affect our estimates
of cannabis associations. For example, if persistent dependence on other (non-cannabis)
substances are mediators of cannabis associations, and not confounders, we might have
underestimated cannabis associations.

This study has implications for research, prevention, and intervention. First, long-term
cannabis users show accelerated biological ageing and poorer midlife health, financial,
and social preparedness for later life. Statistical controls to separate the effects of other
substance use suggested that other substance use accounts for much, but not all, of the
deficits among long-term cannabis users. In reality, however, long-term cannabis users use
other substances.32 It is, therefore, clinically important to recognise that the actual midlife
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functioning of long-term cannabis users places them behind age-matched peers in terms of
preparedness for the demands of old age. Second, holistic midlife interventions are needed
to aid long-term cannabis users in building the health, financial, and social capital that

can fortify and sustain them through later life. Third, quitting cannabis may help with

this goal. Our analyses of cannabis quitters suggested that quitting cannabis might have
benefits, which is broadly consistent with research documenting that tobacco users who
quit in midlife show greater longevity.*! Fourth, findings are not specific to long-term
cannabis users. Long-term tobacco users and long-term alcohol users showed poorer midlife
preparedness for old age. Fifth, the overall pattern of findings suggested that it is persistent
polysubstance dependence that is associated with the poorest ageing preparedness. Efforts
are needed to provide long-term substance users with practical strategies in midlife for
improving their health, financial, and social preparedness for older age.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

Most cannabis research has focused on adolescent and young adult populations. Little is
known about the functioning of midlife and older adult cannabis users, many of whom
have much longer histories of use than young cannabis users. This scarcity in research
represents a substantial gap in the literature because the prevalence of cannabis use is
increasing rapidly among midlife and older adults. Moreover, over the next decade, the
number of older adults in Europe and the USA will increase to an unprecedentedly high
proportion of the population, which will increase demands on health-care and social
welfare systems. Therefore, it is crucial to investigate whether long-term cannabis use is a
modifiable risk factor for poorer ageing.

We searched PubMed for studies of associations between cannabis use and the following
outcomes assessed in midlife or older adulthood: biological ageing, health literacy,
financial literacy, financial functioning, and social support or interpersonal relationship
functioning. Search terms were (“cannabis” OR “marijuana”) AND (“older adult” OR
“middle age” OR “midlife”) AND (“[outcome]”), with outcome terms of “biological
aging,” “accelerated aging,” “aging,” “health literacy,” “health knowledge,” “financial
literacy,” “financial knowledge,” “financial,” “finances,” “social support,” “i

interpersonal
relationship,” and “social.” We selected all studies published by March 31, 2022.

There were five studies, only two of which were longitudinal studies. Four of the five
studies reported on financial functioning, and three found that cannabis users had poorer
financial functioning in midlife or older adulthood compared with non-users. Three of
the five studies reported on social relationship functioning, and two found that cannabis
users had poorer social relationship functioning in midlife or older adulthood compared
with non-users. There were no studies that reported on the pace of biological ageing,
health literacy, or financial literacy of cannabis users. The five studies, collectively, had
limitations, including reliance on reports of past-year cannabis use, thereby failing to
characterise long-term cannabis exposure, and inadequate adjustment for theoretically
important covariates, including use of other substances.

Added value of this study

This study contributes new knowledge about the pace of biological ageing in long-term
cannabis users and their health, financial, and social preparedness for late life. Long-term
cannabis users showed accelerated biological ageing and poorer midlife health, financial,
and social preparedness for late life than non-users. The link between long-term cannabis
use and poorer social preparedness could not be explained by childhood circumstances
(socioeconomic deprivation, low IQ, or low self-control), family history of substance
dependence, or use of other drugs.

Implications of all the available evidence

This study suggests that, by midlife, long-term cannabis users are biologically older
than non-users of the same chronological age and are substantially behind in terms
of preparing for the health, financial, and social challenges of later life. Statistical
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controls to separate the effects of other substances suggested that the use of other licit
and illicit substances accounts for some, but not all, of the deficits observed among
long-term cannabis users. In reality, however, most long-term cannabis users do use other
substances. It is, therefore, clinically important to recognise the need for interventions
that aid long-term cannabis users in building reserves of health, financial, and social
capital that can fortify and sustain them through later life.
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Long-term
cannabis users

(n=86)

Cannabis quitters
(n=60)

Figure 1: Long-term cannabis users and 5 comparison groups

Long-term cannabis users, n=86. Lifelong cannabis non-users, n=202. Long-term tobacco
users, n=75. Long-term alcohol users, n=57. Midlife recreational cannabis users, n=65.
Cannabis quitters, n=60. Long-term cannabis users used other substances, including tobacco
and alcohol; long-term tobacco and alcohol users were selected to have limited histories of

cannabis use.
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Figure 2: Calendar years and Dunedin Study Cohort members’ ages of assessment for substance
use exposures, ageing preparedness outcomes, and childhood and family background covariates

SES=socioeconomic status.
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