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Changing relationships between smoking and psychiatric
disorders across twentieth century birth cohorts: clinical and
research implications
A Talati1,2, KM Keyes3 and DS Hasin1,3,4

As the risks of tobacco use become recognized and smoking becomes stigmatized, new smokers may be increasingly driven to
smoke by biological or genetic vulnerabilities rather than social desirability. Given that genetic risk for deviant proneness is shared
across other psychiatric and addictive disorders, we predicted that as rates of smoking decreased through the latter half of the
twentieth century, associations between smoking and psychopathology would increase. Participants (N= 25 412) from a large US
study—the National Epidemiologic Survey on Alcohol and Related Conditions, NESARC—were interviewed using the Alcohol Use
Disorder and Associated Disabilities Interview Schedule – DSM-IV Version (AUDADIS-IV) and classified into one of five birth cohort
decades (1940s to 1980s) and three smoking history (nonsmokers, never-dependent smokers and ever-dependent smokers)
groups. We found that the prevalence of smoking decreased across the five birth cohorts, but associations of smoking with drug
and AUDs, attention-deficit hyperactivity disorder, bipolar disorder and antisocial personality disorder, each increased
monotonically in more recently born cohorts, even after adjusting for concurrent demographic and socioeconomic changes. For
drug and AUDs, increases were observed among smokers both with and without a history of nicotine dependence; for other
outcomes, increases were entirely driven by nicotine-dependent smokers. Findings suggest that smokers in more recent cohorts
have disproportionately high psychiatric vulnerability, and may benefit from greater mental health screenings. Differentiating
between casual and dependent smokers may further help prioritize those at greatest risk. Researchers should also be aware of
potential variation in psychiatric comorbidity based on cohort of birth when defining groups of smokers, to minimize confounding.
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INTRODUCTION
Cigarette smoking has undergone substantial cultural shifts in the
Western hemisphere through the last 100 years. The early decades
of the twentieth century saw rapidly expanding use, contributed
to in part by automation of cigarette manufacturing technology,
growing advertising and marketing, free distribution of cigarettes
during the World Wars, and increased acceptance of smoking
among women.1–3 Subsequently, as tobacco became recognized
as a cause of multiple cancers, cardiovascular and other disease,
the tide began to shift. Beginning in the early 1960s, a series of
prevention measures, including US Surgeon General’s warnings,
advertising bans, stringent labeling requirements, and tax policies
were introduced. In the latter half of the 20th century, smoking
rates declined,4,5 from almost half of the US population in the
1950s to o20% in 2010.6 Comparable shifts in policies and use
have occurred in other Western countries.7,8

These shifts raise a larger question of whether smokers today
might systematically differ from those who grew up and
began smoking in periods when smoking was widespread, and
attitudes toward smoking more permissive. Evidence shows that
population-level changes in attitudes influence individual
behaviors:9,10 for example, individuals who mature in birth cohorts
with more restrictive social norms related to drinking and drug use

are themselves less likely to use alcohol or cannabis as
adolescents and vice versa. Similarly, as adverse consequences of
tobacco have become more recognized, smoking rates have
fallen. However, as smoking has become increasingly viewed as a
medically risky and socially undesirable behavior over the last
several decades, and restrictions of smoking have proliferated in
many states (for example, smoke-free workplaces and public
spaces), initiation of smoking may have become increasingly
concentrated within population subgroups who are intrinsically
more prone to deviant behaviors.11 Previous research has
indicated that individuals who use illicit substances during periods
of lower prevalence compared with other periods have higher
levels of deviance10 suggesting that a similar mechanism may be
possible for smokers over time. If so, then because deviance
proneness has genetic underpinnings and is associated with an
array of other risky behaviors and externalizing disorders, smokers
today may have higher associated rates of associated psycho-
pathology than their counterparts from earlier generations when
tobacco use was normative.12–14

Although a relationship between smoking a range of externaliz-
ing outcomes and disorders is long established,15–18 few studies
have examined whether this relationship itself varies as a function
of time. One Canadian study reported increased associations
between smoking and depression in the 1990s, as compared with
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the 50 s and 70 s;19 however, no other psychiatric outcomes were
assessed. We previously reported that the relationship between
smoking and drug dependence as well as the personality trait of
neuroticism increased across cohorts of smokers born in 1920s to
1980s.20 However, these studies were limited by the size and
characteristics of the samples, potential lack of differentiation
between cohort and age effects, and assessment of few
psychiatric disorders.
In the present study, we investigate changes in associations

between smoking and psychopathology across five birth cohorts
of the twentieth century (1940s to 1980s), using the National
Epidemiological Survey of Alcohol and Related Conditions
(NESARC),21,22 a large, nationally representative US survey with
detailed diagnostic assessments. In order to identify changes in
associations, we model six disorders that already have well
documented associations with tobacco use: drug-use disorder,
alcohol-use disorder (AUD), attention-deficit hyperactivity
disorder, bipolar disorder and antisocial personality disorder. We
restrict our analysis to cigarette smoking, as not only is the
proportion of non-cigarette tobacco users in this sample small,23

but the secular trends motivating our hypotheses may not apply
to other forms of tobacco use (for example, cigars, snuff and
e-cigarettes). We hypothesize that (1) smokers born in later, more
recently born cohorts as compared with earlier birth cohorts will
have higher psychiatric comorbidity by age 25, even after
adjusting for demographic and socioeconomic changes; and (2)
given the greater severity and genetic underpinnings associated
with substance dependence relative to substance use,7,24,25 the
gradient of change will be larger for smoker groups with, as
compared to without, a history of nicotine dependence.

MATERIALS AND METHODS
Sample
The study is based on the participants who completed both Waves
1 and 2 of the National Epidemiological Survey for Alcohol and
Related Conditions (NESARC).21,22 The target population was the
civilian non-institutionalized population ⩾ 18 years residing in
households and group quarters. African-American, Hispanics and
adults 18–24 years were oversampled, with data adjusted for
oversampling and household- and person-level non-response.
Interviews were conducted in 2001–2002 with 43 093 participants
by experienced lay interviewers with extensive training and
supervision. All procedures, including informed consent, received
full ethical review and approval from the US Census Bureau and
the US Office of Management and Budget. The Wave 2 interview
was conducted ~ 3 years later (2004–2005), with a response rate of
86.7%, reflecting 34 653 completed interviews. Wave 2 weights
include a component that adjusts for non-response and demo-
graphic factors to ensure that the Wave 2 sample approximated
the target population (final composite response across waves was
71%).21 We restricted our analysis to participants who completed
both waves, as a broader range of diagnoses related to smoking
were assessed in Wave 2.

Assessment
Participants were assessed using a structured diagnostic interview,
the AUDADIS-IV.24 At Wave 1, outcomes were assessed in two time
frames: past 12 months, and any time before the past 12 months.
At Wave 2, the time frames included the past year, and any time
before the past year but since the Wave 1 interview. Diagnoses
were determined cumulatively across both time periods of
both waves.

Classification of independent and dependent variables
Birth cohort. Five consecutive birth cohorts were defined
based on the decade of the subject’s birth (1940s through
1980s), which was established based on age at the time of
the survey (cohort = survey year− age). We excluded persons
born in cohorts before 1940 to reduce potential problems of recall
and survivor bias. We only considered comorbidity occurring
within the first 25 years of life, in order to equalize the length
of exposure across the different cohorts, and to minimize inclusion
of later onset illness which often has greater etiological
heterogeneity.

Smoking. Participants were divided into three mutually exclusive
smoker groups based on smoking history up to age 25: (1)
nonsmokers included participants who did not smoke 4100
cigarettes in their life; (2) never-dependent smokers included
those who smoked ⩾ 100 cigarettes, but never met Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition (DSM-IV) criteria
for nicotine dependence (ND) and (3) ever-dependent smokers;
included participants who met DSM-IV ND criteria. Three hundred
and two (o1%) participants who reported not smoking in one
wave but were missing data at the other, or were missing data at
both waves, were excluded.
To mitigate potential concerns regarding the validity of DSM-IV

criteria to adequately assess nicotine dependence,26 we also
created an alternative definition of ND based on whether or not
participants reported using tobacco shortly after getting up in the
morning. ‘Time to first cigarette’ has been found to be one of the
most reliable predictors of smoking severity and clinical course,27

and correlates well with biological metabolites (for example,
cotinine) of nicotine.26 The main findings of this report were
replicated using this alternative classification, as detailed in the
online materials.

Psychiatric diagnoses. Diagnoses were based on DSM-IV criteria.
We focused on six psychiatric outcomes: drug-use disorders;
AUDs; major depression; attention-deficit/ hyperactivity disorder
(ADHD); bipolar disorder; and antisocial personality disorder.23,28,29

For drug and AUDs, we included both abuse and dependence. For
drug-use disorders, the following drug classes were included:
hallucinogens, cannabis, cocaine (including crack), inhalants/
solvents, heroin and nonmedical sedative, tranquilizer or stimulant
use. For antisocial personality disorder, a diagnosis was made if (a)
⩾ 1 required symptom caused distress or social/occupational
dysfunction, (b) there was evidence of conduct disorder before
age 15 and (3) ⩾ 3 adult antisocial symptoms were present at each
wave.8 For ADHD, NESARC required onset of symptoms by age
18,30,31 given concern about excluding later age symptoms.32,33

However, we also retroactively coded the disorder using DSM-IV
(onset by age 7) and DSM 5 (by age 12) and the main findings did
not change (see Figure 1 caption). Reliability (kappa) for these
diagnoses ranges from moderate to high,23,34 and are similar to
those of other interviewer and lay-person administered
interviews.35 Onset age was also recorded for each diagnosis
(except antisocial personality disorder, which required onset of
symptoms by age 15).
The final analytic sample included 25 142 individuals, made up

of 15 359 nonsmokers, 5265 never-dependent smokers and 4518
ever-dependent smokers.

Statistical analyses
Analyses were conducted in SAS-callable SUDAAN 11.0.1 (Research
Triangle Park, Durham, NC, USA). Nested crosstabs weighting for the
complex survey design were used to identify rates of smoking
across cohorts and of each diagnosis across smoking and
cohort levels. Differences in the relationship between smoking
and psychopathology across cohorts were tested by regressing
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the effects of smoking, cohort and their additive interaction on
each psychiatric outcome. A generalized linear model with
binomially distributed outcome was used. Interactions were tested
on the additive (risk difference) scale in order to identify differences
in disease proportions across strata attributable to smoking.11

Because the base rates of smoking themselves vary systematically
across cohort, a multiplicative scale could obscure rate differences.
Smokers were treated as a 3-level class variable, represented by two
mutually exclusive dummy variables D1 and D2 coded as follows:
nonsmokers, D1=0, D2= 0 (reference group), never-dependent
smokers, D1=1, D2= 0; ever-dependent smokers, D1= 0, D2= 1.
Models fitted were of the form: diagnosis = β0+β1(cohort)+β2(D1)
+β3(D2)+β4(cohort ×D1)+β5(cohort ×D2)+β6(sex)+β7(sex× cohort)

+β8(race)+β9(race× cohort)+ β10(education)+β11(education cohort)
cohort)+β12(income)+β13(income× cohort). The β4 and β5 indexed
whether the relationship between smoking and cohort varied by
cohort, with positive contrast (and slopes shown in Figure 1)
estimates reflecting increasing, and negative contrasts, decreasing
associations11 between smoking and psychopathology across
cohort (null hypothesis, β4 = 0 and β5 = 0). Because smoking varies
across demographic strata (sex, race/ethnicity, education and
household income),36,37 and we wanted to control for potential
changes in these variables across cohorts, we included for each
demographic variable not only a stand-alone term (that is, β6,8,10,12)
but also an interaction term with cohort (β7,9,11,13). The main
findings (namely, β4 and β5 coefficients) did not vary significantly

Slope for Never Dependent  Slope for Ever Dependent  
Smokers Across Cohorts Smokers Across Cohorts 

)IC%59(ateB;epolS)IC%59(ateB;epolS

Drug Use Disorder  0.041 (0.031, 0.052)**** 0.059 (0.047, 0.071)**** 
Alcohol Use Disorder   0.057 (0.045, 0.068)**** 0.035 (0.023, 0.048)**** 
Major Depression  -0.0009 (-0.009, 0.0081) 0.011 (-0.0013, 0.023) 

**)310.0,200.0(6700.0)0600.0,5100.0-(4200.0DHDA
Bipolar Disorder -0.0036 (-0.010, 0.0029) 0.015 (0.0082, 0.0225)**** 
Antisocial Personality Disorder -0.0022 (-0.0043, 0.0087) 0.015 (0.0066, 0.024)*** 

** p ≤ 0.01; *** p ≤ 0.001; **** p ≤ 0.0001. 
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Figure 1. Changes in the association between smoking and psychiatric diagnoses across five birth cohorts. The figure illustrates the difference
in the rates of six psychiatric diagnoses between smokers and nonsmokers across five birth cohorts (x-axis). Black lines represent trends
among smokers who had a history of nicotine dependence (ND); gray lines represent smokers with no history of ND. The lines do not reflect
absolute rates (those are shown in Table 2), but rather, differences in rates of psychiatric outcomes between the corresponding smoking
group and the nonsmoker group. Thus, the y-axis value at any point can be interpreted as the ‘excess rate’ of the disorder that is attributed to
smoking in that cohort. To formally test whether the differences in outcomes between smokers and nonsmokers were changing, we
calculated the slope of each curve (bottom panel of figure; see Materials and Methods for details). A positive coefficient of the slope indicates
that the differences in psychiatric outcome between the smoking and never-smoking groups are increasing from the earlier to the later-birth
cohorts; negative slope indicates the reverse, and a non-significant slope indicates no change. For example, the 0.041 coefficient for drug-use
disorder indicates that there was a 4.1% increase in rates of drug-use disorder per cohort among never-dependent smokers, compared with
nonsmokers. Note that a non-significant slope does not indicate that there is no association between smoking and the psychiatric outcome;
only that the association does not systematically change across time. The graph and coefficients show that for drug and alcohol-use disorders,
attention-deficit/ hyperactivity disorder (ADHD)1, bipolar disorder and antisocial personality disorder, risk differences between smokers and
never smokers are getting larger as we move from earlier to more recently born cohorts. Furthermore, for the drug and alcohol outcomes, this
is true for smokers both with and without a history of nicotine dependence. For ADHD1, bipolar and antisocial personality, however, the risk
difference only increases among smokers with nicotine dependence. For major depression, we found no cohort related trends. 1Note, National
Epidemiological Survey for Alcohol and Related Conditions (NESARC) required onset of symptoms by age 18 and these criteria have been
used in all NESARC publications;30,31 However we also recoded the diagnoses of ADHD requiring onset by 12 (that is, consistent with DSM5;
n= 564), or by age 7 (DSM-IV; N= 352). The main findings remain unchanged: in each case, associations between smoking and ADHD
increased from earlier- to later-born cohorts, but for nicotine-dependent smokers only (ADHD by age 12: β= 0.006 (95% confidence interval,
0.0021, 0.0099), P= 0.0028; ADHD by age 7: β= 0.0032 (0.0001, 0.0063), P= 0.045). DSM-IV, Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition.
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based on whether we controlled or did not control for demographic
variables (not shown).

RESULTS
Rates of smoking and nicotine dependence across cohorts
The rates of smoking are shown in Table 1. Overall smoking
declined across the five cohorts, but the proportion of smokers
with ND increased, from under a third (31%) of smokers born in
the 1940s to 470% of those born in the 1980s (linear trend,
Po0.0001). These patterns remained significant after adjusting for
gender, race, income and education (Table 1, right-most column).
There was a small but statistically significant decrease in the
average age of onset of smoking and nicotine dependence across
the cohorts.

Associations between smoking, nicotine dependence and
psychopathology across cohorts
Overall frequencies (% of population) of the six psychiatric
diagnoses were: drug-use disorder, 11.7%; AUD, 28.6%; major
depression, 18.0%; ADHD, 2.7%; bipolar disorder, 3.6%; and
antisocial personality, 4.1%; and are similar to those reported in
other studies using the full NESARC sample.38

Stratified frequencies of the psychiatric disorders are shown in
Table 2, stratified by birth cohort (1940s to 1980s, rows) the three
smoking history groups (never smoked, smoked but never had
nicotine dependence ‘never dependent’, and smoked with
and had nicotine dependence ‘ever dependent’, columns). The
difference in frequencies between the smoking and nonsmoking
groups, adjusted for sex, race, income and education, are shown in
the right-most columns of the table, and can be viewed as the
‘excess’ frequency within the specific cohort that is attributable to
smoking.
To test our main question—is the prevalence of psycho-

pathology among smokers increasing in more recent birth
cohorts?—we plotted the excess frequencies for each cohort,
and formally tested whether there was a change in these
proportions across cohorts (Figure 1). A positive slope indicates
that the associations between smoking and psychiatric disorder
are increasing across cohorts, and a negative slope, that it is
weakening.

Examination of Figure 1 reveals three main patterns. First,
smoking was increasingly associated with both drug- and AUDs
in a linear manner as we move from earlier to more recently
born cohorts. This was true among smokers with (black line)
and without (gray line) a history of nicotine dependence.
The coefficients (bottom of Figure 1) reflect the slope of the
lines, and can be interpreted as the average increase per cohort of
the risk of the psychiatric outcome that can be attributed to
smoking. Thus, for drug-use disorder, the risk among smokers
increased on average 4.1% per decade for never-dependent
smokers, and 5.9% for dependent, smokers. For AUD, there was a
5.7% increase for never-dependent and 3.5% for dependent,
smokers.
Post hoc analyses to formally test whether the findings in the

dependent and never-dependent smoker groups differed from
each other confirmed that for drug use, increases in smoking-
attributable risks were greater in dependent smokers [β= 0.18
(95% CI: 0.0049, 0.03), P= 0.007], while for AUDs, increases in
smoking-attributable risks were greater among non-dependent
smokers (β=− 0.017, (−0.033, − 0.0014), P= 0.032). Further
exploratory analyses found the patterns to be similar across
DSM-IV defined abuse and dependence, and, in the case of drug-
use disorder, across cannabis and non-cannabis drug classes (data
not shown).
A second pattern was observed for ADHD, bipolar disorder

and antisocial personality disorder. Here, the smoking-attributable
risk also increased across the five cohorts, but only in nicotine-
dependent (black line) smokers. For ADHD, there was a 0.75%
average increase per birth cohort, and for bipolar and
antisocial personality disorders, a 1.5% average increase. Smokers
who did not report ever having nicotine dependence were
indistinguishable from nonsmokers in terms of these psychiatric
outcomes.
Finally, even though nicotine dependence was associated with

major depression, associations did not vary systematically across
the five cohorts (coefficients not statistically different from 0).
Similar patterns were observed when the data were examined

in non-Hispanic White, non-Hispanic Black and Hispanic
subgroups individually (Supplementary E-Table 1); other racial
groups could not be examined due to low Ns.
The main findings were also retained when we re-analyzed the

results using an alternate classification of nicotine dependence

Table 1. Rates of smoking and nicotine dependence across five birth cohorts

Rates Onset age

Any smoker Never-dependent
smoker

Ever-dependent
smoker

% Smokers with
dependence

Smoking Nicotine dependence

Individual cohorts % (95% CI) % (95% CI) % (95% CI) % (95% CI) Age, years (95% CI) Age, years (95% CI)

1940s (N= 4,439) 48.9 (47.04, 50.8) 33.8 (32.1, 35.6) 15.09 (13.7, 16.6) 30.8 (28.3, 33.5) 16.2 (16.1, 16.4) 22.6 (22.5, 22.8)
1950s (N= 5,921) 41.8 (39.9, 43.6) 25.04 (23.7, 26.4) 16.7 (15.4, 18.1) 40.03 (37.6, 42.5) 16.0 (15.9, 16.4) 22.5 (22.4, 22.7)
1960s (N= 6,688) 35.1 (33.5, 36.7) 18.6 (17.6, 19.8) 16.5 (15.0, 18.0) 46.9 (43.9, 49.9) 15.8 (15.7, 15.9) 22.4 (22.3, 22.6)
1970s (N= 5,788) 39.4 (37.4, 41.3) 13.4 (12.4, 14.4) 26.0 (24.3, 27.8) 66.1 (63.6, 68.5) 15.8 (15.7, 15.9) 22.5 (22.4, 22.6)
1980s (N= 2,306) 41.9 (39.0, 44.8) 12.4 (10.8, 14.2) 29.5 (27.0, 32.1) 70.4 (66.7, 73.9) 15.3 (15.1, 15.4) 17.9 (17.8, 18.0)

Change across cohorts Beta (95% CI)a Beta (95% CI)a Beta (95% CI)a Beta (95% CI)a Beta (95% CI)a Beta (95% CI)a

Unadjusted − 2.7 (−3.2, − 2.2)* − 5.4 (−5.8, − 5.0)* 2.9 (2.5, 3.2)* 10.0 (9.7, 11.0)* − 0.16 (−0.22, − 0.10)* − 0.81 (−0.94, − 0.68)*
Adjustedb − 2.8 (−3.3, − 2.2)* − 5.4 (−5.7, − 5.0)* 2.3 (1.9, 2.6)* 9.8 (9.1, 10.6)* − 0.15 (−0.22, − 0.09)* − 0.67 (−0.81, − 0.053)*

Abbreviation: CI, confidence interval. aBetas (β) reflect the linear average percent change of the respective outcome across each cohort; positive βs indicate
increasing rates/age as we move from earlier to later-born cohorts; negative βs indicate decreasing rates/age. For example, the unadjusted β − 0.027 in the ‘any
smoker’ column indicates that there was on average a 2.7% decrease in smoking rates per cohort, as we move from the earliest (1940s) to latest (1980s)
cohorts. Note that the adjusted β is essentially unchanged (−0.028), indicating that these changes are not simply a function of concurrent demographic
changes. bBeta values are adjusted for gender, race/ethnicity, income and education (unadjusted values are not adjusted for any variables). *Po0.0001.
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based on smoking shortly after getting up in the morning (see
Materials and methods and Supplementary E-Table 2).

Sensitivity analysis
To minimize outlying effects of individual cohorts, we performed a
series of sensitivity analyses, removing each cohort, one-by-one,
from the analysis and then re-estimating the model. The
coefficients, shown in Supplementary E-Table 3, are similar to
those shown in Figure 1, and show that the changing associations
between smoking and psychopathology did not occur due to
undue influence by any single cohort.

DISCUSSION
The relationship between smoking and several psychopathologies
is long established.23,28,29 We show here that this relationship
itself varies over time. Specifically, smokers in more recently born
cohorts had higher drug and alcohol, ADHD, bipolar and antisocial
personality disorder comorbidity by the time they reached
25 years of age, and this increased comorbidity persisted after
adjusting for concurrent changes in demographic or socio-
economic factors.
The largest increases in smoking-associated psychopathology

were observed for drug-use disorders, where more recently born
smokers were disproportionately likely to use, abuse and become

dependent to one (or more) substances. In each case, having
nicotine dependence increased these risks further. For ADHD,
bipolar disorder and antisocial personality disorder, changes in the
associations between smoking and psychopathology were
observed exclusively for nicotine-dependent smokers. Individuals
who reported being a smoker but never having nicotine
dependence were indistinguishable from never smokers (as
illustrated by the overlapping lines in Figure 1). Because nicotine
enhances attention and cognition, smokers with more severe
externalizing psychopathology may smoke more chronically to
control their symptoms, and thus overwhelmingly present as
dependent.39 In the case of ADHD, there is also some, albeit
mixed, evidence that stimulant treatment may actually reinforce
effects of nicotine, leading to increased tobacco consumption and
craving.40,41 Increasing stimulant use may contribute to the
increased associations between smoking and ADHD.
Ultimately, the relationships between smoking and psycho-

pathology are complex and multi-directional, and our present
work does not address causal mechanisms of change in these
relationships. We propose that a ‘cohort effect’—that is, varying
risk of an outcome by time of birth42—may account for some of
the variation observed in the smoking–psychopathology relation-
ship. Within such a framework, the birth cohort can itself be
conceptualized as the risk factor, with a person’s birth year
reflecting the given exposure to that risk. As we move from birth

Table 2. Rates of psychiatric diagnoses by smoking history across five birth cohorts

Psychiatric Outcome Cohort Rates, % (95% CI) Risk differencea % (95% CI)

Never smoker Never-dependent
smoker

Ever-dependent
smoker

Never-dependent
smokerb

Ever-dependent
smokerb

Drug-use disorder 1940s 1.52 (1.02, 2.28) 4.81 (3.58, 6.42) 13.28 (10.14, 17.20) 0.99 (−0.23, 2.21) 9.87 (7.13, 12.62)
1950s 5.45 (4.53, 6.54) 14.23 (12.03, 16.76) 29.33 (25.86, 33.05) 4.12 (2.15, 6.09) 20.57 (17.50, 23.64)
1960s 7.41 (6.43, 8.53) 18.97 (16.50, 21.72) 34.82 (30.82, 39.05) 6.98 (4.69, 9.28) 23.27 (20.13, 26.42)
1970s 6.03 (4.94, 7.35) 18.97 (15.49, 23.02) 34.80 (31.39, 38.37) 5.17 (2.3, 8.05) 26.31 (23.61, 29.00)
1980s 7.36 (5.91, 9.13) 33.25 (26.29, 41.04) 51.24 (46.73, 55.74) 10.84 (5.29, 16.39) 37.10 (32.83, 41.37)

Alcohol-use disorder 1940s 12.51 (10.76, 14.49) 26.61 (23.72, 29.70) 51.91 (46.47, 57.30) 5.68 (2.99, 8.38) 31.20 (26.84, 35.56)
1950s 20.24 (18.22, 22.42) 36.48 (33.20, 39.88) 58.76 (53.94, 63.42) 9.07 (6.26, 11.88) 32.28 (28.71, 35.86)
1960s 26.99 (24.55, 29.59) 42.64 (38.98, 46.37) 60.72 (56.73, 64.57) 10.58 (7.52, 13.64) 30.76 (27.30, 34.22)
1970s 27.03 (24.90, 29.28) 43.99 (40.00, 54.42) 63.14 (59.91, 66.27) 13.39 (9.64, 17.13) 34.19 (31.23, 37.15)
1980s 23.67 (21.01, 26.56) 51.21 (44.43, 57.95) 69.48 (65.16, 73.48) 11.61 (5.58, 17.64) 41.21 (36.92, 45.50)

MDD 1940s 10.27 (8.82, 11.94) 9.97 (8.20, 12.06) 22.98 (19.07, 27.43) − 2.34 (−4.37, − 0.31) 13.46 (9.56, 17.36)
1950s 14.97 (13.44, 16.64) 14.08 (11.84, 16.66) 25.35 (21.85, 29.20) − 3.93 (−6.03, − 1.83) 10.38 (7.17, 13.59)
1960s 17.37 (15.92, 18.92) 15.40 (13.27, 17.81) 33.45 (29.42, 37.74) − 3.19 (−5.44, − 0.95) 15.23 (11.91,18.56)
1970s 20.32 (18.74, 22.00) 21.93 (18.28, 26.09) 35.93 (32.35, 39.68) − 2.8 (−5.99, 0.39) 15.61 (12.69, 18.54)
1980s 21.86 (18.98, 25.04) 19.18 (14.45, 25.01) 36.68 (32.56, 41.02) − 5.59 (−10.7, − 0.44) 15.88 (11.51, 20.25)

ADHD 1940s 1.39 (0.93, 2.08) 2.25 (1.33, 3.79) 3.14 (2.00, 4.89) − 0.13 (−1.23, 0.97) 2.77 (0.56, 4.98)
1950s 1.90 (1.39, 2.60) 2.21 (1.47, 3.31) 5.14 (3.66, 7.17) − 0.45 (−1.34, 0.44) 3.52 (1.99, 5.05)
1960s 1.87 (1.40, 2.49) 2.15 (1.46, 3.15) 4.73 (3.32, 6.71) 0.94 (−0.28, 2.16) 2.3 (0.92, 3.67)
1970s 3.01 (2.32, 3.91) 3.30 (1.85, 5.82) 7.42 (5.85, 9.36) − 0.63 (−1.77, 0.51) 3.98 (2.53, 5.42)
1980s 2.76 (1.95, 3.90) 3.63 (1.89, 6.89) 8.72 (6.46, 11.68) − 1.14 (−3.4, 1.12) 5.50 (3.09, 7.91)

Bipolar disorder 1940s 0.80 (0.47, 1.36) 1.27 (0.72, 2.24) 4.00 (2.38, 6.65) − 0.29 (−0.99, 0.42) 2.62 (1.08, 4.15)
1950s 1.34 (0.98, 1.84) 1.20 (0.73, 1.97) 3.82 (2.58, 5.60) − 0.86 (−1.93, 0.21) 2.07 (0.80, 3.34)
1960s 2.27 (1.80, 2.88) 2.25 (1.52, 3.33) 7.12 (5.03, 9.98) − 0.02 (−1.02, 0.97) 3.56 (1.96, 5.17)
1970s 4.69 (3.91, 5.62) 4.17 (2.64, 6.54) 10.86 (8.73, 13.44) − 1.97 (−3.54, − 0.41) 6.44 (4.59, 8.29)
1980s 6.57 (5.24, 8.21) 5.71 (3.16, 10.13) 15.61 (12.48, 19.35) − 4.5 (−7.43, − 1.57) 9.43 (5.97, 12.89)

Antisocial personality disorder 1940s 0.96 (0.54, 1.69) 2.15 (1.43, 3.21) 8.17 (5.63, 11.70) − 0.07 (−0.98, 0.84) 5.87 (3.80, 7.93)
1950s 1.23 (0.87, 1.74) 2.60 (1.84, 3.64) 9.12 (7.04, 11.75) 0.27 (−0.74, 1.28) 7.19 (5.24, 8.96)
1960s 1.48 (1.11, 1.97) 4.92 (3.49, 6.91) 12.69 (10.06, 15.89) 0.35 (−0.85, 1.56) 9.81 (7.72, 11.9)
1970s 3.23 (2.58, 4.03) 7.01 (4.99, 9.77) 14.54 (12.36, 17.03) 0.60 (−1.19, 2.40) 9.34 (7.42, 11.27)
1980s 4.03 (2.93, 5.52) 4.52 (2.42, 8.31) 14.50 (11.71, 17.82) − 3.36 (−5.89, −0.83) 11.60 (8.46, 14.73)

Abbreviations: ADHD, attention-deficit/ hyperactivity disorder; CI, confidence interval; MDD, major depression. aAdjusted for gender, race/ethnicity, income
and education. bCompared with never smokers as a reference group.
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cohorts with more permissive smoking norms to those with more
restrictive norms, fewer smokers emerge, but smoking groups
are increasingly composed of persons who smoke despite the
growing social pressures not to do so.12–14 Our finding that even
as tobacco consumption decreases, the proportion of dependent
smokers increases (also reported in other US population-based
studies43), is broadly consistent with this model, often referred to
as ‘hardening’ of smokers.44 So is our observation that not only did
our findings persist after adjusting for demographic changes but
that they were largely invariant to whether or not we did so.
Indeed, if more recent smokers (1) are more deviance prone and
have greater concentrations of behavioral traits (for example,
impulsivity and antisociality) or genetic liability to dependence
than earlier-born smokers,45 and (2) these liabilities are shared
across other externalizing spectrum disorders,46,47 then growing
psychiatric comorbidity among more recent smokers logically
follows. Only molecular studies can directly test if specific genetic
risk factors for nicotine dependence vary across time, and a large
recent US-based study of 9000 adults born 1919–1959 hints at just
that, finding that heritability of nicotine dependence increases
across time,48 though in females only. More genetic studies are
needed; meanwhile, a cohort framework allows us to conceptua-
lize changing risks at an aggregate level and identify cohorts at
greatest risk.
Occurring in tandem with cohort changes are period and age

changes that cannot be formally disaggregated.42 Unlike a cohort
effect, a period effect applies to the whole population simulta-
neously. In the present context, a period effect would have to
impact psychiatric profiles of all smokers at a given time point
regardless of when they were born. Such a model is inconsistent
with our results and with the epidemiologic literature on
smoking.49–51 Similarly, because we restricted our analysis frame-
work to outcomes occurring by age 25, age effects do not
plausibly account for the directionality of findings. There could,
however, be age-related biases. First, recall bias could dispropor-
tionately impact earlier-born cohorts. Studies have reported
varying degrees of stability for retrospectively collected smoking
data.52,53 For example, earlier-born smokers may less accurately
recall their smoking history. However, because the key outcome is
an interaction—namely, smoking × cohort—smoking and psycho-
pathology would have to be consistently recalled differently from
each other to exert a bias. More specifically, individuals with
lifetime histories of nicotine dependence would need to be more
likely to under-report their psychiatric disorder histories than
individuals without nicotine dependence. The possibility for that
level of specificity in the recall bias is unlikely, indicating that recall
bias alone is not likely to explain our results. Similarly, differential
mortality or healthy participant bias could exert disproportionate
effects on cohorts by selectively populating the earlier cohorts
with healthier smokers due to greater tobacco-related deaths.54

This could be problematic if heavy smokers with psychiatric
comorbidity have higher mortality rates than those who do not.
We tried to clarify this impact with sensitivity analyses shown in
Supplementary E-Table 3, which supported the main findings.
However, only a prospectively designed study can comprehen-
sively address these mechanisms.
Other limitations are noted. First, schizophrenia and other

psychotic spectrum disorders were not assessed in NESARC.
However, even though these may be highly associated with
smoking, they are rare. The disorders we tested are more
prevalent in the population and thus group differences may have
greater clinical relevance. Second, study only documents changes
in associations over time. Causality should not be inferred, as
unmeasured factors could account for changes in the relationship
between smoking and pathology. We also could not explore a
number of temporal relationships of interest such as changes in
quitting or length of smoking, as these were collinear with cohort.
Changes in the onset sequence of the smoking ×psychopathology

relationship (that is, which comes first) could also not be examined
as the proportion of comorbid cases where onset of the
psychiatric disorder preceded initiation of smoking was too low
(o10% for all disorders, except ADHD, 53%). Finally, though
representative of the US, the study findings may not generalize to
other countries or cultures with differing social norms and laws.
They also may not apply to other forms of smoking (for example,
e-cigarettes). Our study also has a number of strengths, including
being based on a very large and representative US population
sample, and the use of detailed and standardized diagnostic
procedures.

CONCLUSIONS
The findings extend previous work20 showing that as smoking
becomes less normative, psychiatric vulnerability among smokers
increases. Although the current work does not address how this
vulnerability is increasing, the increases cannot be accounted for
solely by demographic shifts across time. The more recently born
smokers thus represent a clinically high-risk cohort, and may
benefit from earlier screenings for mental health outcomes, which
could in turn help optimize treatment. Differentiating between
individuals who smoke only periodically (for example, social
smokers and chippers) from those more chronically dependent
could be further helpful in identifying patterns of other
psychopathology. Yet, smoking cessation guidelines have until
recently largely been in the context of physical rather than mental
health outcomes,55 and many medical professions have not
routinely or systematically assessed smoking history.56,57

There could also be research implications. Overpopulating study
groups with younger cohorts of smokers, for example, may
necessitate additional controlling or matching to account for the
greater expected comorbidity. Furthermore, if the different
smoker cohorts vary by underlying genetic architecture, this
could impact genetic studies of nicotine dependence as well.
Whereas changes in genetic architecture are not tested in the
present study, such changes are suggested by other work48 and
by evidence for increasing assortative mating among smokers
over time.58

Given that much of the research on smoking remains from the
perspective of smoking as a risk factor, the present work
enmeshes itself within an important and complex question: when
a given behavior changes systematically over time (for example,
smoking), do correlates or outcomes of that behavior change
commensurately as well? Our findings of increased burden of
psychopathology among more recent born smokers suggest that
this is at least partly so. Further, regardless of what the cause may
be of this increasing association of smoking and other psycho-
pathology, smoking is becoming an increasingly important marker
of risk. Future studies may thus be well served by incorporating
assessments of psychiatric comorbidity into data collection and
analysis plans, even when not part of the main study goals, so that
temporal changes in smoker profiles can continue to be followed
in a more systematic manner.
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