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ABSTRACT

Illicit drug use is known to be associated with premature mortality. Whether exposure to socioeconomic disadvantage and mental health problems in childhood help
to explain this association, is unclear. We analysed data from 11,250 participants in the 1970 British Birth Cohort study. At 10-years of age, socioeconomic
disadvantage (parental socioeconomic position, material disadvantage, family disruption) and mental health problems with antisocial behaviour, attention, and
anxiety were reported by mothers and teachers. At 30-years of age, study members provided information on their illicit drug use, exposure to socioeconomic
disadvantage and mental health problems. At 30-years, 19.2% of participants had used an illicit drug in the past year. Mortality was elevated for eight of the twelve
drugs assessed. Family disruption, maternal, and teacher assessments of antisocial behaviour at 10-years were associated with illicit drug use at 30-years. There was,
however, very little change in these associations when exposure to childhood socioeconomic disadvantage (% change in hazard ratios [HR] 0-10%) or mental health
problems (0.4-11.9%) were added to the sex-adjusted model. Adding exposure to socioeconomic disadvantage (0.8-38.9%) and mental health problems
(31.7-74.1%) in adulthood to the sex-adjusted model resulted in marked attenuation in HRs for all drugs. These findings imply that interventions which provide
opportunities for education, employment and access to effective mental health treatments in early adulthood may help to reduce mortality among drug users.

1. Introduction

A series of studies have documented that people with a drug de-
pendency experience an increased risk of mortality (Degenhardt et al.,
2011; Eaton et al., 2013; Fontanella et al., 2021; Lopez-Quintero et al.,
2015). In the few cohorts examining use rather than dependency, life-
time heroin and cocaine (Walker et al., 2017), and regular opioid use
(Degenhardt et al., 2011), have been linked to an elevated mortality-
risk. Lifetime cannabis use was not associated with elevated mortality
in one study (Sun et al., 2020), but another reported an increased risk
emerged at use >50 times across a lifetime (Manrique-Garcia et al.,
2016). There are even fewer reports on mortality-risks associated with
the use of other drugs such as amphetamines (Singleton et al., 2009) and
hallucinogens (Walker et al., 2017).

Aside from the risks of overdose, explanations of why illicit drug use
is associated with premature mortality include the potential confound-
ing role of early life exposure to socioeconomic disadvantage and mental
health problems. An association between exposure to socioeconomic
disadvantage in childhood with subsequent illicit drug use (Daniel et al.,
2009) and premature mortality (Galobardes et al., 2004) has been
documented across a number of cohorts. Early life anxiety and behav-
ioural disorders have also been associated with subsequent drug use
(Conway et al., 2016; Lynskey and Fergusson, 1995), and an increased
risk of mortality (Plana-Ripoll et al., 2019). The mechanisms linking
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illicit drug use with mortality are unclear. The candidate explanations
include a ‘self-medication’ hypothesis (Khantzian, 1985), where drugs
are used to cope with the effects of a childhood characterised by eco-
nomic disadvantage, or a psychiatric disorder. Associations with mor-
tality may also arise through an increased susceptibility to illness caused
directly by disadvantage in childhood (Lundberg, 1993), psychiatric
medication shortening lifespan (Maslej et al., 2017; Ralph and Espinet,
2018), or a combination of these mechanisms.

To examine the extent socioeconomic disadvantage and mental
health problems in childhood may ‘explain’ the mortality risk associated
with drug use - that is the degree to which it may account for the vari-
ance in this association - can be tested by adjusting the relationship
between mortality and illicit drugs for these characteristics. In the only
three reports of which we are aware, exposure to socioeconomic
disadvantage in adulthood did not offer much explanatory power, but
there was marked attenuation when negative mood was added to models
(Muhuri and Gfroerer, 2011; Qureshi et al., 2014; Walker et al., 2017).
However, importantly, these studies did not assess exposure to socio-
economic disadvantage and mental health problems in childhood. This
is possible in the 1970 British Birth Cohort Study, an ongoing prospec-
tive cohort with extensive assessments of illicit drug use, socioeconomic
disadvantage and mental health problems in childhood and later adult
life, and mortality. We hypothesized that socioeconomic disadvantage
and mental health problems in childhood would explain the association
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between illicit drug use and mortality.
2. Methods

2.1. Study population

The 1970 British Birth Cohort Study is an ongoing geographically-
representative, prospective birth cohort of children born in Great Brit-
ain. A detailed description of attrition is provided elsewhere (Plewis
et al., 2004). The main reason for loss to follow-up was members moving
and not subsequently being traced and refusal rates were relatively low
(7.3%). The target sample consisted of all 17,287 babies born (including
stillbirths) in England, Scotland and Wales between the 5th and 11th
April 1970. Data were initially collected by the midwifes present at the
birth and from clinical records. A total of 16,571 babies were enrolled
and have been followed up on ten occasions. Ethical approval was given
by the London Central Research Ethics Committee. Written informed
consent was given by parents of study participants before the start of
data collection. We adhered to the guidelines for STrengthening the
Reporting of OBservational studies in Epidemiology (STROBE) in the
reporting in this manuscript (von Elm et al., 2007).

2.2. Outcome variable

The outcome is all-cause mortality. Members were followed up until
31st December 2014 (age 44). A total of 880 deaths occurred. Of these,
751 (85.3%) occurred before the assessment of illicit drug use so were
excluded. Of the 751 deaths excluded, 567 (75.5%) were stillborn or
neonatal deaths (defined as within 28 days of birth). Vital status was
derived from official death certificates from the National Health Service
Central Register, or from relatives and friends during fieldwork and
cohort maintenance work by telephone, letter and e-mail (<1% of
deaths). In only 40 cases the date of death was unknown.

2.3. Exposure variables

The exposures of interest were illicit drug use in adulthood assessed
at 30 years of age. Study members reported on the lifetime use of
cannabis, stimulants: (ecstasy, amphetamines, cocaine, crack), halluci-
nogens: (lysergic acid diethylamide (LSD), magic mushrooms), opiates
(heroin, methadone), poppers, temazepam, and ketamine. Street names
of drugs were also provided. Response options were: never, taken but
not in the past year, and taken in the past year.

2.4. Covariates

Covariates were identified a priori. At 10-years, exposure to socio-
economic disadvantage was based on mother's and father's occupation
provided at interview and coded using the Registrar General's classifi-
cation system (General, 1980). Material disadvantage was assessed
using information provided by parents with one point was assigned for
the presence of each of the following: the family did not own their home,
the household was over-crowded (one or more person per room), the
household had no access or had to share access to one or more of three
basic amenities (hot water, use of a bathroom, and lavatory), or they had
received state benefits because of financial need in the last year (i.e.
child benefit and retirement pensions were excluded). Higher scores
indicated greater material disadvantage (Schoon et al., 2003). Family
disruption was a binary variable calculated using parents reports on any
occurrence of parental divorce, separation or death by 10-years of age.

Childhood mental health was based on the 19-item maternal re-
ported Rutter Parent Scale (Rutter et al., 1970), and teacher reported 53-
item Social Development Scale, derived from the Conners Teacher
Rating Scale (Conners, 1969) and the Rutter Teaching Scale (Rutter,
1967). Principal components analysis (PCA) by Gale, found maternal
ratings could be organised into three groups: anti-social behaviour,
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anxiety and attention problems (Gale et al., 2009). We repeated this
analysis and the scree slope suggested the presence of the same three
factors after oblique rotation which accounted for 42.3% of the total
variance. PCA on the teacher reported Social Development Scale also
suggested a three-factor solution accounting for 44.4% of the total
variance, with items loading on the same grouping of symptoms/ be-
haviours (White et al., 2012). For all six factors, composite scores were
computed using regression then standardized.

Maternal psychological morbidity were reported at 10-years using
Rutter's Malaise Inventory (Rutter et al., 1970). It's based on the Cornell
medical index and consists of a 15-question scale for psychological
symptoms and an 8-question subscale for somatic symptoms. Scores
were totalled across items then standardized.

At 30-years, exposure to socioeconomic disadvantage was based on
responses to enquiries about current occupation using the Registrar
General's classification system (General, 1980) and achieved educa-
tional qualifications. Mental health problems were ascertained using
self-reports on treatment for a psychiatric problem since 16 years of age
and psychological morbidity based on a score of >7 on the Rutter
Malaise Inventory (Rodgers et al., 1999). All participants, apart from
lifelong teetotallers, were asked to complete questions on possible
problems with alcohol using the cutting down, being annoyed by criti-
cism, feeling guilty, and eye-openers (CAGE) questionnaire (Ewing,
1984). Daily smokers were those smoking at least one cigarette every
day in the past week.

2.5. Statistical analyses

We imputed all missing exposure, outcome and covariate data using
multiple imputation by chained equations which included all variables
in the prediction model to generate 20 datasets. We included the Nel-
son-Aalen estimate of the cumulative hazard of survival time to the
imputation model to increase statistical power (White and Royston,
2009). We then deleted any imputed outcome data before analysis as
this method has been found to produce less variable point estimates and
narrower confidence intervals than using imputed outcome data (Von
Hippel, 2007). Our main results are based on analyses with the imputed
sample as they offered greater precision (n = 11,250 participants; 5787
women).

To test differences in childhood and adult characteristics by illicit
drug use we used a logistic regression model. We used Cox proportional
hazards models to compute hazard ratios (HR) with accompanying 95%
confidence intervals (95% CI) to summarise the association between
illicit drug use and mortality. We ascertained that the proportional
hazards assumption had not been violated in each cohort by inspecting
the Schoenfeld residuals. We did not find interactions between illicit
drug use and sex in the association with mortality, so data were aggre-
gated, and sex adjusted. We adjusted HRs for sex (the basic model), then
added exposure to socioeconomic disadvantage in childhood, childhood
antisocial behaviour, attention and anxiety, maternal psychological
morbidity, then socioeconomic disadvantage, psychological morbidity
plus treatment for a psychiatric problem, and finally alcohol problems
and smoking in adulthood. We summarised any changes in hazard ratios
after adjusting for each set of covariates using the formula: [HR pgsic
model — 1] - [HR adjusted model-1] / [HR basic mode1-11 x 100% (Batty et al.,
2006). We did not adjust for the potential inflation of the type I error
rate from multiple testing as our analyses were exploratory rather than
confirmatory (Li et al., 2017). We investigated potential collinearity
between exposures and covariates by estimating the variance inflation
factor.

We conducted a number of sensitivity analyses. To examine the
impact of missing data we re-ran the analyses in those with complete
data. As the effects of socioeconomic disadvantage and mental health
problems may interact, we then modelled interactions between these
variables in childhood and adulthood. Then, to explore the effect of
opiate use in driving associations we conducted a sub-group analysis
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examining drug use-mortality associations after excluding opiate users.
All analyses were performed using Stata version 16.1 and R Studio
1.4.1717.

3. Results

eFig. 1 shows a flow diagram of participation and missing data. Of
the 16,571 individuals originally recruited, 11,250 (67.9%) provided
information illicit drug use plus covariates. Missing data per variable
ranged from O to 46.0%. There were 4032 participants with no missing
data which made up the complete case sample. People with missing data
were more likely to have parent with an unskilled occupation, mother
with a higher psychological morbidity score, have no qualifications, but
have experienced less family disruption, fewer problems with antisocial
behaviour, attention, and anxiety (maternal rating only), and likely to
screen positive for psychological morbidity, an alcohol problem, or
smoke daily (all P-values <0.05; results available on request).

3.1. Association of Illicit Drug use with socioeconomic disadvantage and
mental health

At 30-years, 19.2% of participants had used an illicit drug in the past
year. Cannabis was the most used drug (16.9%), followed by cocaine
(5.8%), ecstasy (4.3%), and amphetamines (4.2%). Figure 1 shows that
in childhood, exposure to family disruption was associated with an
increased risk of adult stimulant and hallucinogen use. Maternal and
teacher ratings of antisocial behaviour were associated with later stim-
ulant and opiate use, and anxiety ratings with a lower risk of stimulant
use. Maternal psychological morbidity was essentially unrelated to drug
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use. Of the adult characteristics, being male, a daily smoker or having an
alcohol problem, were most consistently related to drug use. There was
also a clustering crack and opiate use among people who had been
treated for a psychiatric condition, a psychological morbidity, and those
without any qualifications. Correlation coefficients for the association
between exposures and covariates ranged from 0.0 (cocaine use and
attention problems) to 2.95 (crack and daily smoking; Supplementary
tables 1 and 2) and the mean variance inflation factor was 1.50, sug-
gesting limited evidence of collinearity.

3.2. Association of Illicit Drug use with mortality

There were 129 deaths over a median follow-up of 7.2 years (inter-
quartile range [IQR], 3.5 to 10.1). Table 1 shows that relative to people
who had not used in the past year, those who had used amphetamines,
poppers, temazepam, ketamine, crack, heroin and methadone, were at
an increased risk of premature mortality. Adjustment for childhood so-
cioeconomic disadvantage reduced the strength of the illicit drug use
and mortality association by 0 to 10%. Table 1 and Supplementary
Figs. 1 and 2 show the inclusion of maternal and teacher assessments of
childhood mental health reduced the strength of the association by be-
tween 0.42 and 11.9%, with the largest reductions for crack and opiate
use. Table 2 shows the addition of socioeconomic disadvantage in
adulthood reduced the illicit drug use-mortality association by 0.83 to
38.9% (crack: 28.3%, heroin: 30.2%, methadone: 23.5%), mental health
by 31.7 to 74.1%, and alcohol problems and daily smoking by 26.1 to
100%.
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Psychological morbidity- O O O O O O O O © o O O

No qualifications- © © O o @ O o O O O O @
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Fig. 1. Balloon plot illustrating childhood and adult characteristic-illicit drug association pairs (n = 11,250).



J. White

Table 1
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Association of illicit drug use in the past year with all-cause mortality after adjusting for childhood characteristics (n = 11,250).

Hazard ratio (95% confidence interval)

% (n) Sex- Adjusted for sex plus childhood % Adjusted for sex plus % Adjusted for sex plus %
adjusted socioeconomic disadvantage * change © childhood mental change " maternal psychological change "
health ® morbidity
Any drug in past 19.2 1.42 (0.95, 1.42(0.95, 2.12) 0 1.40 (0.94, 2.10) 4.76 1.42 (0.95, 2.12) 0
year (2162) 2.11)
Cannabis 16.9 1.27 (0.83, 1.27 (0.83, 1.96) 0 1.25(0.82, 1.92) 7.41 1.27 (0.83, 1.96) 0
(1901) 1.95)
Ecstasy 4.3 1.49 (0.75, 1.48 (0.75, 2.92) 2.04 1.50 (0.76, 2.97) 2.04 1.49 (0.76, 2.95) 0
(484) 2.95)
Amphetamines 4.2 2.17 (1.19, 2.14 (1.17, 3.89) 2.56 2.14 (1.17, 3.91) 2.56 217 (1.19, 3.94) 0
(473) 3.95)
LSD 0.9 2.20 (0.70, 2.08 (0.66, 6.58) 10.00 2.18 (0.69, 6.88) 1.67 2.20 (0.70, 6.92) 0
(101) 6.94)
Magic 0.8 (90) 1.82 (0.45, 1.76 (0.43,7.17) 7.32 1.86 (0.46, 7.54) —4.88 1.82 (0.45, 7.39) 0
mushrooms 7.37)
Poppers 1.7 3.39 (1.65, 3.43(1.67, 7.07) -1.67 3.38 (1.64, 6.97) 0.42 3.38 (1.65, 6.96) 0.42
(191) 6.97)
Cocaine 5.8 1.67 (0.94, 1.67 (0.94, 2.99) 0 1.69 (0.95, 3.02) —2.99 1.67 (0.94, 2.99) 0
(653) 2.97)
Temazepam 1.0 4.16 (1.70, 4.11 (1.68, 10.09) 1.58 4.08 (1.67, 10.00) 2.53 4.15 (1.69, 10.14) 0.32
(113) 10.19)
Ketamine 0.3 (34) 4.12 (1.02, 3.92 (0.96, 15.97) 6.41 4.33 (1.06, 17.72) —-6.73 4.13 (1.02, 16.75) —0.32
16.73)
Crack 0.5 (56) 6.12 (2.25, 5.88 (2.15, 16.05) 4.69 5.64 (2.05, 15.46) 9.38 6.07 (2.23, 16.52) 0.98
16.61)
Heroin 0.4 (45)  10.84(4.74, 10.92 (4.75, 25.15) —-0.81 9.67 (4.14, 22.55) 11.89 10.76 (4.70, 24.64) 0.81
24.79)
Methadone 0.3(34) 13.24(5.39, 13.14 (5.28, 32.68) 0.82 12.06 (4.84, 30.00) 9.64 13.16 (5.35, 32.35) 0.65
32.53)

LSD = lysergic acid diethylamide.

@ Childhood socioeconomic disadvantage comprises paternal (maternal if paternal missing) registrar General's classification, material circumstances (sum of renting,
household overcrowding (+1 person per room), receipt of state benefits, and no or shared access of either a bathroom, lavatory or hot water), and family disruption
(any parental divorce, separation or death); childhood mental health assessed antisocial behaviour, anxiety, and attention problems using the Rutter parental ‘A' scale
of behaviour disorder (maternal report) and the social development scale (teacher report).

b Based on a comparison of the sex-adjusted HR with that for the covariate-adjusted HR using the formulae: ([HR sex-adjusted - 11/ [HR covariate-adjusted - 11/[HR gex-

adjusted ~ 11 / 100%.

3.3. Sensitivity analyses

The results using the complete case sample were not materially
different to those derived using imputed data (see Supplementary
Table 3). As there were no participants in the complete case sample who
used a hallucinogen, temazepam, crack or opiate in the past year who
later died we could not generate estimates for these exposures. Model-
ling the interaction between socioeconomic disadvantage and poor
mental health had a small additional impact on associations (Supple-
mentary Table 4). Adding interactions in adulthood further reduced HRs
for crack and opiates from around 30% to over 50% but had little impact
on associations for other drugs. Excluding opiate users attenuated all of
the drug use-mortality associations (Supplementary Table 5).

Notes: Size of the circle is proportional to the -logl0 P-value (3 is
equivalent to p < 0.001; 2p = 0.01; 1 p = 0.10, 1 = 0). Colour indicates
the beta value where dark orange = positive coefficient; blue = negative
coefficient.

4. Discussion

The purpose of these analyses was to examine the extent to which
exposure to socioeconomic disadvantage and poor mental health in
childhood accounted for variance in associations between illicit drug use
and mortality. We did not find support for the hypothesis that exposure
to socioeconomic disadvantage and mental health in childhood
explained the association between drug use and mortality. We did,
however, find that exposure to socioeconomic disadvantage in later
adult life appeared to offer more explanatory power, accounting for
around a quarter, and mental health around a half of the elevated
mortality risk associated with temazepam, crack and opiate use.

As the first study to examine the explanatory power of exposure to
socioeconomic disadvantage and mental health in childhood in the
relation of illicit drug use in early adult life with mortality, our study is
unusual. To our knowledge, only data from the 1991 National Health
Interview Survey (Muhuri and Gfroerer, 2011; Walker et al., 2017) and
the third National Health and Nutrition Examination Survey (Qureshi
etal., 2014) have investigated whether socioeconomic disadvantage and
mental health might explain the illicit-drug use-mortality relation. In
these studies, adjustment for socioeconomic position and negative mood
in assessed in adulthood appears to have had a less pronounced impact
on associations than we observed. The effect of controlling for mental
health problems may have been more pronounced in our study because
we used a validated measure of psychological morbidity, rather than a
single item measure (Muhuri and Gfroerer, 2011; Walker et al., 2017).

Illicit drug use in early adulthood was associated with excess mor-
tality. Whilst there is ample evidence that drug dependence is associated
with elevated mortality risk (Eaton et al., 2013; Lundin et al., 2016), the
few population-based samples which have investigated mortality-risk
among drug users have only examined cannabis, stimulants and opiate
use. In agreement with these studies (Muhuri and Gfroerer, 2011;
Walker et al., 2017) we found that whilst risks were elevated for eight of
the twelve drugs assessed, mortality risk was only consistently elevated
for users of poppers, crack and opiate users across all analyses. Consis-
tent with studies linking adverse childhood experiences with drug use
disorders in adulthood (Giordano et al., 2014), we found family
disruption was associated with an increased risk of stimulant and
hallucinogen use. We also replicated findings from the smaller Christ-
church Health and Development Study, which found parent and teacher
ratings of conduct problems at 8-years of age were associated with drug
use in mid-adolescence (Lynskey and Fergusson, 1995). Our analysis
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Table 2
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Association of illicit drug use in the past year with all-cause mortality after adjusting for adult characteristics (n = 11,250).

Hazard ratio (95% confidence interval)

Sex-adjusted Adjusted for sex plus adult %

Adjusted for sex plus % Adjusted for sex plus adult alcohol %

socioeconomic disadvantage * change " adult mental health © change problems and daily smoking ¢ change

Any drug in past 1.42 (0.95, 1.38 (0.92, 2.07) 9.52 1.18 (0.79, 1.78) 57.14 1.08 (0.70, 1.65) 80.95
year 2.11)

Cannabis 1.27 (0.83, 1.24 (0.80, 1.91) 11.11 1.07 (0.69, 1.65) 74.07 0.95 (0.61, 1.49) 100

1.95)

Ecstasy 1.49 (0.75, 1.53 (0.77, 3.03) 8.16 1.23 (0.62, 2.45) 53.06 1.11 (0.55, 2.22) 77.55
2.95)

Amphetamines 2.17 (1.19, 2.10 (1.15, 3.84) 5.98 1.77 (0.96, 3.24) 34.19 1.61 (0.86, 2.98) 47.86
3.95)

LSD 2.20 (0.70, 2.19 (0.69, 6.91) 0.83 1.74 (0.55, 5.51) 38.33 1.68 (0.53, 5.33) 43.33
6.94)

Magic 1.82 (0.45, 1.86 (0.46, 7.54) 4.88 1.49 (0.37, 6.04) 40.24 1.26 (0.31, 5.16) 68.29
mushrooms 7.37)

Poppers 3.39 (1.65, 3.36 (1.63, 6.93) 1.26 2.60 (1.25, 5.39) 33.05 2.63 (1.27, 5.46) 31.80
6.97)

Cocaine 1.67 (0.94, 1.76 (0.98, 3.14) 13.43 1.43 (0.80, 2.57) 35.82 1.27 (0.70, 2.30) 59.70
2.97)

Temazepam 4.16 (1.70, 2.93 (1.07, 7.99) 38.92 2.57 (1.03, 6.42) 50.32 3.04 (1.23, 7.53) 35.44
10.19)

Ketamine 4.12 (1.02, 3.74 (0.92, 15.30) 12.18 3.13(0.77,12.79) 31.73 2.97 (0.73, 12.14) 36.86
16.73)

Crack 6.12 (2.25, 4.67 (1.68, 12.95) 28.32 3.92 (1.42,10.87) 42.97 4.40 (1.60, 12.13) 33.59
16.61)

Heroin 10.84 (4.74, 7.87 (3.32, 18.67) 30.18 6.38 (2.70, 15.07) 45.33 7.66 (3.29, 17.85) 32.32
24.79)

Methadone 13.24 (5.39, 10.36 (4.06, 26.41) 23.53 7.52 (2.97, 19.09) 46.73 10.04 (4.03, 25.02) 26.14
32.53)

LSD = lysergic acid diethylamide.

# Adult socioeconomic disadvantage assessed at 30-years using the registrar General's classification and whether study members had any qualifications.
b Based on a comparison of the sex-adjusted HR with that for the covariate-adjusted HR using the formulae: ([HR sex-adjusted - 11/ [HR covariate-adjusted = 11/[HR sex-

adjusted ~ 1]) / 100%.

¢ Adult mental health comprises psychiatric morbidity (malaise score > 7) and having seen specialist for psychiatric problem.

4 Alcohol problems assessed as a CAGE score > 2.

extends the results from this study and other birth cohorts reporting
similar results (Kretschmer et al., 2014) by showing that antisocial
behaviour at 10-years of age predicted illicit drug 20-years later in early
adulthood.

This study has a number of strengths, including the assessments of a
wide range of illicit drugs, socioeconomic disadvantage and mental
health problems in childhood and later adult life, as well as traditional
risk factors for premature mortality. It is not, however, without its
shortcomings. First, is loss to follow-up. If the pattern of missing data
was one where both illicit drug use and death before the follow-up in
adulthood was more common in cohort members experiencing child-
hood disadvantage or mental health problems, the explanatory power of
these factors would been underestimated. The results from the sensi-
tivity analysis comparing the complete and imputed datasets were
comparable increasing confidence in our findings. That said, bias due to
nonignorable attrition or a missing data-generating mechanism cannot
be ruled out. Second, whilst we have characterised mental health
problems as a confounder, these problems in adulthood were assessed at
the same time as drug use, such that the attenuation we observed may be
due to these factors acting as a mediator. Unfortunately, it was not
possible to identify whether adult mental health problems were a
confound or mediator as the periods covered by assessments of illicit
drug use and mental health overlapped. Mediation is a less likely
explanation for mental health problems in childhood as these assess-
ments preceded the drug use assessment by 20 years. Third, our as-
sessments of socioeconomic disadvantage and mental health may not
have been sufficiently sensitive. Other measures that captured different
aspects of childhood disadvantage, or a greater range of mental health
symptoms, may have explained more variance in the illicit drug use-
mortality association. Fourth, the assessments of illicit drugs omitted
some benzodiazepines (e.g. alprazolam, diazepam) which is likely to

have reduced prevalence and statistical power. The drug use assess-
ments also did not include a measure of frequency of use or dose so we
could not investigate the shape of the association (e.g. dose response or
threshold) between drugs and mortality. Fifth, as we investigated the
association between drug use in early adulthood and later mortality,
deaths that occurred before early adulthood were omitted. The possi-
bility of survivor bias is therefore a concern, where fewer participants
who used drugs are available for analysis, such that the association with
mortality might be underestimated. To explain the pattern of results we
found this bias, would however, have to operate more for those exposed
to adult than childhood socioeconomic disadvantage and also more on
adult than maternal/ teacher reports of mental health problems.

5. Conclusion

In this first study to examine the explanatory power of socioeco-
nomic disadvantage and mental health on the illicit drug use-mortality
association, exposure to these factors in childhood did not help to
explain this association. The same exposures in adulthood did not
completely explain the drug use-mortality association, but, probably
through a variety of mechanisms, likely contribute to generating it. Our
findings, if causal, have implications for public health policy. The main
is that as socioeconomic disadvantage and mental health problems in
adulthood explained the excess mortality adding opportunities for
employment (DeFulio et al., 2009), and effective treatments for mental
health problems (van Dis et al., 2020) may help to enhance adult drug
treatment.

Funding

JW is funded by The Centre for the Development and Evaluation of



J. White

Complex Interventions for Public Health Improvement (DECIPHer), a
UKCRC Public Health Research Centre of Excellence. Joint funding
(MR/K0232331/1) from the British Heart Foundation, Cancer Research
UK, Economic and Social Research Council, Medical Research Council,
the Welsh Government and the Wellcome Trust, under the auspices of
the UK Clinical Research Collaboration, and is gratefully acknowledged.
These funders had no influence on the analysis, decision to publish, or
preparation of this manuscript.

Author contributions

JW designed the study, acquired the data, undertook the analyses,
and drafted the manuscript.

Data availability

Data from the 1970 British Cohort Study is publicly available from
the UK Data Archive. Further information on the procedures to obtain
data from the 1970 British Cohort Study is described at: https://di
scover.ukdataservice.ac.uk/.

Code availability

The code used to generate the results presented in the manuscript are
available from the corresponding author on reasonable request.

CRediT author statement

James White: Conceptualization, Methodology, Data curation,
Investigation, Writing- Original draft preparation, Writing- Reviewing
and Editing.

Declaration of Competing Interest
The authors declare they have no conflict of interest.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ypmed.2022.107058.

References

Batty, G.D., Der, G., Macintyre, S., Deary, I.J., 2006. Does IQ explain socioeconomic
inequalities in health? Evidence from a population based cohort study in the west of
Scotland. BMJ 332, 580-584. https://doi.org/10.1136/bmj.38723.660637.AE.

Conners, C.K., 1969. A teacher rating scale for use in drug studies with children. Am. J.
Psychiatry 126, 884-888.

Conway, K.P., Swendsen, J., Husky, M.M., He, J.-P., Merikangas, K.R., 2016. Association
of lifetime mental disorders and Subsequent alcohol and illicit drug use: Results from
the National Comorbidity Survey—Adolescent Supplement. J. Am. Acad. Child
Adolesc. Psychiatry 55, 280-288. https://doi.org/10.1016/j.jaac.2016.01.006.

Daniel, J.Z., Hickman, M., Macleod, J., Wiles, N., Lingford-Hughes, A., Farrell, M.,
Araya, R., Skapinakis, P., Haynes, J., Lewis, G., 2009. Is socioeconomic status in
early life associated with drug use? A systematic review of the evidence. Drug
Alcohol Rev. 28, 142-153. https://doi.org/10.1111/j.1465-3362.2008.00042..x.

DeFulio, A., Donlin, W.D., Wong, C.J., Silverman, K., 2009. Employment-based
abstinence reinforcement as a maintenance intervention for the treatment of cocaine
dependence: a randomized controlled trial. Addiction 104, 1530-1538. https://doi.
org/10.1111/j.1360-0443.2009.02657 .x.

Degenhardt, L., Bucello, C., Mathers, B., Briegleb, C., Ali, H., Hickman, M., McLaren, J.,
2011. Mortality among regular or dependent users of heroin and other opioids: a
systematic review and meta-analysis of cohort studies. Addiction 106, 32-51.
https://doi.org/10.1111/j.1360-0443.2010.03140.x.

van Dis, E.A.M., van Veen, S.C., Hagenaars, M.A., Batelaan, N.M., Bockting, C.L.H., van
den Heuvel, R.M., Cuijpers, P., Engelhard, .M., 2020. Long-term outcomes of
cognitive behavioral therapy for anxiety-related disorders: a systematic review and
Meta-analysis. JAMA Psychiatry 77, 265-273. https://doi.org/10.1001/
jamapsychiatry.2019.3986.

Eaton, W.W., Roth, K.B., Bruce, M., Cottler, L., Wu, L., Nestadt, G., Ford, D., Bienvenu, O.
J., Crum, R.M., Rebok, G., Anthony, J.C., Munoz, A., 2013. The relationship of
mental and behavioral disorders to all-cause mortality in a 27-year follow-up of 4

Preventive Medicine 159 (2022) 107058

epidemiologic catchment area samples. Am. J. Epidemiol. 178, 1366-1377. https://
doi.org/10.1093/aje/kwt219.

von Elm, E., Altman, D.G., Egger, M., Pocock, S.J., Ggtzsche, P.C., Vandenbroucke, J.P.,
2007. Strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. BMJ 335,
806-808. https://doi.org/10.1136/bmj.39335.541782.AD.

Ewing, J.A., 1984. Detecting alcoholism. The CAGE questionnaire. JAMA 252,
1905-1907.

Fontanella, C.A., Steelesmith, D.L., Brock, G., Bridge, J.A., Campo, J.V., Fristad, M.A.,
2021. Association of Cannabis use with Self-harm and Mortality Risk among Youths
with Mood Disorders. JAMA Pediatr. 175, 377-384. https://doi.org/10.1001/
jamapediatrics.2020.5494.

Gale, C.R., Hatch, S.L., Batty, G.D., Deary, L.J., 2009. Intelligence in childhood and risk of
psychological distress in adulthood: the 1958 National Child Development Survey
and the 1970 British cohort study. Intelligence 37, 592-599.

Galobardes, B., Lynch, J.B., Davey Smith, G., 2004. Childhood socioeconomic
circumstances and cause-specific mortality in adulthood: systematic review and
interpretation. Epidemiol. Rev. 26 (1), 7-21. https://doi.org/10.1093/epirev/
mxh008.

General, R., 1980. Classification of Occupations. HMSO, Lond.

Giordano, G.N., Ohlsson, H., Kendler, K.S., Sundquist, K., Sundquist, J., 2014.
Unexpected adverse childhood experiences and subsequent drug use disorder: a
Swedish population study (1995-2011). Addiction 109, 1119-1127. https://doi.org/
10.1111/add.12537.

Khantzian, E.J., 1985. The self-medication hypothesis of addictive disorders: focus on
heroin and cocaine dependence. Am. J. Psychiatry 142, 1259-1264. https://doi.org/
10.1176/ajp.142.11.1259.

Kretschmer, T., Hickman, M., Doerner, R., Emond, A., Lewis, G., Macleod, J.,
Maughan, B., Munafo, M.R., Heron, J., 2014. Outcomes of childhood conduct
problem trajectories in early adulthood: findings from the ALSPAC study. Eur. Child
Adolesc. Psychiatry 23, 539-549.

Li, G., Taljaard, M., Heuvel, V. den R.E., Levine, M.A., Cook, D.J., Wells, G.A.,
Devereaux, P.J., Thabane, L., 2017. An introduction to multiplicity issues in clinical
trials: the what, why, when and how. Int. J. Epidemiol. 46, 746-755. https://doi.
0rg/10.1093/ije/dyw320.

Lopez-Quintero, C., Roth, K.B., Eaton, W.W., Wu, L.-T., Cottler, L.B., Bruce, M.,
Anthony, J.C., 2015. Mortality among heroin users and users of other internationally
regulated drugs: a 27-year follow-up of users in the epidemiologic catchment area
program household samples. Drug Alcohol Depend. 156, 104-111. https://doi.org/
10.1016/j.drugalcdep.2015.08.030.

Lundberg, O., 1993. The impact of childhood living conditions on illness and mortality in
adulthood. Soc. Sci. Med. 36, 1047-1052. https://doi.org/10.1016/0277-9536(93)
90122-K.

Lundin, A., Modig, K., Halldin, J., Carlsson, A.C., Wéndell, P., Theobald, H., 2016.
Mental disorder and long-term risk of mortality: 41 years of follow-up of a
population sample in Stockholm. Sweden. Epidemiol. Psychiatr. Sci. 25, 384-392.
https://doi.org/10.1017/52045796015000487.

Lynskey, M.T., Fergusson, D.M., 1995. Childhood conduct problems, attention deficit
behaviors, and adolescent alcohol, tobacco, and illicit drug use. J. Abnorm. Child
Psychol. 23, 281-302. https://doi.org/10.1007/BF01447558.

Manrique-Garcia, E., Ponce de Leon, A., Dalman, C., Andréasson, S., Allebeck, P., 2016.
Cannabis, psychosis, and mortality: a cohort study of 50,373 Swedish men. Am. J.
Psychiatry 173, 790-798. https://doi.org/10.1176/appi.ajp.2016.14050637.

Maslej, M.M., Bolker, B.M., Russell, M.J., Eaton, K., Durisko, Z., Hollon, S.D.,
Swanson, G.M., Thomson, J.A., Mulsant, B.H., Andrews, P.W., 2017. The mortality
and myocardial effects of antidepressants are moderated by preexisting
cardiovascular disease: a Meta-analysis. Psychother. Psychosom. 86, 268-282.
https://doi.org/10.1159/000477940.

Mubhuri, P.K., Gfroerer, J.C., 2011. Mortality associated with illegal drug use among
adults in the United States. Am. J. Drug Alcohol Abuse 37, 155-164.

Plana-Ripoll, O., Pedersen, C.B., Agerbo, E., Holtz, Y., Erlangsen, A., Canudas-Romo, V.,
Andersen, P.K., Charlson, F.J., Christensen, M.K., Erskine, H.E., Ferrari, A.J.,
Iburg, K.M., Momen, N., Mortensen, P.B., Nordentoft, M., Santomauro, D.F., Scott, J.
G., Whiteford, H.A., Weye, N., McGrath, J.J., Laursen, T.M., 2019. A comprehensive
analysis of mortality-related health metrics associated with mental disorders: a
nationwide, register-based cohort study. Lancet 394, 1827-1835. https://doi.org/
10.1016/50140-6736(19)32316-5.

Plewis, L., Bedford Group for Lifecourse & Statistical Studies, Centre for Longitudinal
Studies, 2004. National Child Development Study and 1970 British cohort study
technical report: Changes in the NCDS and BCS70 populations and samples over
time. In: Centre for Longitudinal Studies, Bedford Group for Lifecourse and
Statistical Studies. Institute of Education, University of London, London.

Qureshi, A.I., Chaudhry, S.A., Suri, M.F.K., 2014. Cocaine use and the likelihood of
cardiovascular and all-cause mortality: data from the third National Health and
nutrition examination survey mortality follow-up study. J. Vasc. Interv. Neurol. 7,
76-82.

Ralph, S.J., Espinet, A.J., 2018. Increased all-cause mortality by antipsychotic drugs:
updated review and Meta-analysis in dementia and General mental health care.

J. Alzheimers Dis. Rep. 2, 1-26. https://doi.org/10.3233/ADR-170042.

Rodgers, B., Pickles, A., Power, C., Collishaw, S., Maughan, B., 1999. Validity of the
malaise inventory in general population samples. Soc. Psychiatry Psychiatr.
Epidemiol. 34, 333-341.

Rutter, M., 1967. A children’s behaviour questionnaire for completion by teachers:
preliminary findings. J. Child Psychol. Psychiatry 8, 1-11.

Rutter, M., Tizard, J., Whitmore, K., 1970. Education, Health and Behavior. Longman
Group Lond.


https://discover.ukdataservice.ac.uk/
https://discover.ukdataservice.ac.uk/
https://doi.org/10.1016/j.ypmed.2022.107058
https://doi.org/10.1016/j.ypmed.2022.107058
https://doi.org/10.1136/bmj.38723.660637.AE
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0010
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0010
https://doi.org/10.1016/j.jaac.2016.01.006
https://doi.org/10.1111/j.1465-3362.2008.00042.x
https://doi.org/10.1111/j.1360-0443.2009.02657.x
https://doi.org/10.1111/j.1360-0443.2009.02657.x
https://doi.org/10.1111/j.1360-0443.2010.03140.x
https://doi.org/10.1001/jamapsychiatry.2019.3986
https://doi.org/10.1001/jamapsychiatry.2019.3986
https://doi.org/10.1093/aje/kwt219
https://doi.org/10.1093/aje/kwt219
https://doi.org/10.1136/bmj.39335.541782.AD
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0050
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0050
https://doi.org/10.1001/jamapediatrics.2020.5494
https://doi.org/10.1001/jamapediatrics.2020.5494
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0060
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0060
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0060
https://doi.org/10.1093/epirev/mxh008
https://doi.org/10.1093/epirev/mxh008
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0065
https://doi.org/10.1111/add.12537
https://doi.org/10.1111/add.12537
https://doi.org/10.1176/ajp.142.11.1259
https://doi.org/10.1176/ajp.142.11.1259
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0080
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0080
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0080
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0080
https://doi.org/10.1093/ije/dyw320
https://doi.org/10.1093/ije/dyw320
https://doi.org/10.1016/j.drugalcdep.2015.08.030
https://doi.org/10.1016/j.drugalcdep.2015.08.030
https://doi.org/10.1016/0277-9536(93)90122-K
https://doi.org/10.1016/0277-9536(93)90122-K
https://doi.org/10.1017/S2045796015000487
https://doi.org/10.1007/BF01447558
https://doi.org/10.1176/appi.ajp.2016.14050637
https://doi.org/10.1159/000477940
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0120
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0120
https://doi.org/10.1016/S0140-6736(19)32316-5
https://doi.org/10.1016/S0140-6736(19)32316-5
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0130
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0130
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0130
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0130
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0130
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0135
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0135
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0135
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0135
https://doi.org/10.3233/ADR-170042
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0145
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0145
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0145
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0150
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0150
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0155
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0155

J. White

Schoon, L., Sacker, A., Bartley, M., 2003. Socio-economic adversity and psychosocial
adjustment: a developmental-contextual perspective. Soc. Sci. Med. 57, 1001-1015.

Singleton, J., Degenhardt, L., Hall, W., Zabransky, T., 2009. Mortality among
amphetamine users: a systematic review of cohort studies. Drug Alcohol Depend.
105, 1-8. https://doi.org/10.1016/j.drugalcdep.2009.05.028.

Sun, Y., Liu, B., Wallace, R.B., Bao, W., 2020. Association of Cannabis use with all-Cause
and Cause-Specific Mortality among Younger- and middle-aged U.S. Adults. Am. J.
Prev. Med. 59, 873-879. https://doi.org/10.1016/j.amepre.2020.07.010.

Von Hippel, P.T., 2007. 4. Regression with missing Ys: an improved strategy for
analyzing multiply imputed data. Sociol. Methodol. 37, 83-117.

Preventive Medicine 159 (2022) 107058

Walker, E.R., Pratt, L.A., Schoenborn, C.A., Druss, B.G., 2017. Excess mortality among
people who report lifetime use of illegal drugs in the United States: a 20-year follow-
up of a nationally representative survey. Drug Alcohol Depend. 171, 31-38. https://
doi.org/10.1016/j.drugalcdep.2016.11.026.

White, B., Nicholls, D., Christie, D., Cole, T.J., Viner, R.M., 2012. Childhood
psychological function and obesity risk across the lifecourse: findings from the 1970
British cohort study. Int. J. Obes. 36, 511-516.

White, L.R., Royston, P., 2009. Imputing missing covariate values for the cox model. Stat.
Med. 28, 1982-1998. https://doi.org/10.1002/sim.3618.


http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0160
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0160
https://doi.org/10.1016/j.drugalcdep.2009.05.028
https://doi.org/10.1016/j.amepre.2020.07.010
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0175
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0175
https://doi.org/10.1016/j.drugalcdep.2016.11.026
https://doi.org/10.1016/j.drugalcdep.2016.11.026
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0185
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0185
http://refhub.elsevier.com/S0091-7435(22)00106-2/rf0185
https://doi.org/10.1002/sim.3618

	Associations between illicit drug use in early adulthood and mortality: Findings from a National Birth Cohort
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Outcome variable
	2.3 Exposure variables
	2.4 Covariates
	2.5 Statistical analyses

	3 Results
	3.1 Association of Illicit Drug use with socioeconomic disadvantage and mental health
	3.2 Association of Illicit Drug use with mortality
	3.3 Sensitivity analyses

	4 Discussion
	5 Conclusion
	Funding
	Author contributions
	Data availability
	Code availability
	CRediT author statement
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


