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Abstract Widening of educational disparities and a narrowing female advantage in
mortality stem in good part from disparities in smoking. The changes in smoking
and mortality disparities across cohorts and countries have been explained by an
epidemic model of cigarette use but are also related to life course changes. To better
describe and understand changing disparities over the life course, we compare age
patterns of smoking in three cohorts and two nations (France and the US) using
smoking history measures from the 2010 French health barometer (N = 20,940) and
the 2010 US National Health Interview Survey Sample Adult File (N = 20,444).
The results demonstrate statistically significant widening of gender and educational
differences from adolescence to early and middle adulthood, thus accentuating the
disparities already emerging during adolescence. In addition, the widening
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disparities over the life course have been changing across cohorts: age differences in
educational disparities have grown in recent cohorts (especially in France), while
age differences in gender disparities have narrowed. The findings highlight the
multiple sources of inequality in smoking and health in high-income nations.

Keywords Smoking - Cohort - Life course - Education - Gender

Introduction

Public health concerns have followed from two disparate trends in mortality, one
involving a decline in gender disparities and another a rise in education disparities.
For gender, the slowed rate of mortality decline among women relative to men has
reduced the male disadvantage but also limited the gains to women. The recent
trends reverse nearly a century of rising female mortality advantage (Glei and
Horiuchi 2007). For education and other components of socioeconomic status
(SES), studies have noted for decades that disparities have been steadily rising (e.g.,
Montez et al. 2011; Pappas et al. 1993). The persistence of these health inequalities,
which are enduring enough to treat SES as a fundamental cause of health (Masters
et al. 2015; Montez and Barnes 2016), has been called one of the great
disappointments of public health (Mackenbach 2012).

Although many factors contribute to changing trends and patterns in mortality,
the importance of tobacco use to premature death in general and to gender and
educational disparities in particular is indisputable. The yearly 480,000 deaths in the
US estimated to come from tobacco make this habit the single most pre-
ventable cause of death in the country (US Department of Health and Human
Services, USDHHS 2014). In Europe, an estimated 16% of all deaths of adults age
30 and over are due to smoking (World Health Organization, WHO 2016). Further,
the gendered trends in smoking have contributed importantly to narrowing mortality
rates between men and women (Luy and Wegner-Siegmundt 2015; Thun et al.
2012, 2013), and educational differences in smoking explain up to 50% of the
educational differences in mortality (Jha et al. 2006; Wong et al. 2002). Given the
clear harm of tobacco, the persistence of the habit among one-fifth to one-third of
adults in the US and Europe, and the lag between smoking and death, the gender-
and education-based trends in smoking foretell continued mortality disparities in the
future. These facts emphasize the value of studying smoking in its own right:
understanding patterns and trends in smoking are crucial to understanding
population patterns and trends in mortality more generally.

An epidemic model of cigarette use has been useful in describing patterns of
change overall and among gender and education groups (Lopez et al. 1994). The
model is based on the historical timing of the initial adoption of cigarettes, the early
spread among men, the later spread among women, the subsequent partial reversal
among men, and the partial reversal among women. Underlying the model is the
argument that men began using cigarettes first, and given the constraints on
women’s behavior, they followed in adoption of smoking only after a lag of several
decades. The decline in smoking also began first among men and occurred more
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slowly among women. The different timing of the epidemic among men and women
has led to gender convergence in smoking prevalence, smoking-related diseases
such as lung cancer, and mortality overall. Studies demonstrating support for the
predicted pattern of change have examined long-term differences in smoking across
cohorts and countries (Pampel 2003).

The epidemic model has been extended with diffusion theory to include
differences in cigarette use by SES (Ferrence 1989; Giskes et al. 2005; Mackenbach
et al. 2004; Pampel 2002). The logic here is that groups with more education and
higher income adopt innovations earlier than others and that cigarette use
represented a form of innovation during the early part of the twentieth century.
After a lag, the new behavior diffused to others and less innovative groups followed
in adoption. Similarly, groups with more education and higher status were the first
to reject smoking, with other groups changing more slowly. The rapid decline in
smoking among advantaged groups, which are farther along in the epidemic relative
to less advantaged groups, thus contributed to the widening disparities of recent
decades. This pattern has shown in diverse countries and cohorts (Giskes et al. 2005;
Mackenbach et al. 2004; Pampel et al. 2015).

In addition to the broad trends posited by the epidemic model, another source of
gender and educational disparities in smoking relates to within-cohort changes over
the early life course. Consistent with a life course approach, the means and motives
for smoking differ substantially between adolescence and early to middle adulthood
(Chen and Jacobson 2011; Costello et al. 2008; Harman et al. 2006). Adolescents
appear to make decisions about smoking without full understanding and analysis of
the risks (Slovic 2001). Thus, initiation rises steadily during the teen years, while
initiation is rare and cessation becomes increasingly common at older ages
(USDHHS 2014). Life course stage influences not only the levels of smoking but
may also influence gender and education differences in smoking. As late initiation
and cessation rates differ by gender and education, the disparities that emerge in
adolescence may be strengthened in early adulthood. Evidence for this approach
shows in longitudinal studies (Bachman et al. 2002; Pampel et al. 2014).

The objectives of this paper are to (1) examine how gender and educational
differences in smoking vary across the life course and (2) compare life course
inequalities across cohorts and nations. We thus combine the attention of the
epidemic model to long-term trends in smoking with the study of life course
changes in smoking within cohorts. Both perspectives are valuable but are rarely
studied in combination.

Based on this approach, we examine the evolution of life course patterns in
gender and educational disparities in smoking across cohorts born between 1941
and 1985 in France and the US. Because cohorts serve as a vehicle of change in
smoking, they are crucial for tracing the social patterning of the epidemic.
Additional diversity in life course patterns comes from comparing two countries,
one of which began the epidemic later (France) than the other (US). The next
sections describe theoretical arguments and list hypotheses that are drawn from both
the life course and epidemic approaches. The following sections then present a
method for testing the hypotheses that uses data on age patterns of smoking
prevalence by gender and education for multiple cohorts and countries.
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Life Course Changes and Smoking

The life course perspective recognizes that early life conditions and experiences
have enduring influences on adult conditions and experiences, thus creating some
coherency and meaning in the life course (Elder 1994). In specifying the nature of
these linkages, theories of cumulative advantage argue that favorable conditions
during childhood become a resource leading to future gains. The steady, incremental
accumulation of advantages does more than maintain inequality over the life
course—it also widens the differences in relative positions between groups. The
perspective has helped explain the maintenance of socioeconomic inequality both
within and across generations (DiPrete and Eirich 2006; Willson et al. 2007) but
extends to health inequality as well (Lacey et al. 2010; Staff et al. 2010). It
emphasizes that life course experiences in adolescence affect later health (Zajacova
et al. 2015) by launching social and health trajectories into motion (Umberson et al.
2010).

For cigarette smoking, however, life course patterns are subject to special forms
of modification during the transition from adolescence to young adulthood.
Although some disparities in smoking emerge early (Droomers et al. 2005;
Soteriades and DiFranza 2003), SES background and gender differences in smoking
are small during adolescence and in some studies absent altogether (Hanson and
Chen 2007; Jacobson et al. 2001; Johnston 2001; Tuinstra et al. 1998). Yet late
initiation (Moon-Howard 2003) and low cessation of tobacco use among less
educated groups and males may widen disparities during the adult years (Chassin
et al. 2000; Hu et al. 2008). The bulk of disparities come from early initiation versus
never smoking (Maralani 2013), but differences in late initiation and cessation may
have influence as well. Adult experiences thus have the potential to redirect
adolescent trajectories in ways that widen gender and education disparities.

First, gender differences in smoking may be larger for adults than adolescents.
During the adolescent years when both genders are prone to experiment, boys and
girls may smoke similarly. Special body concerns, desire for thinness, and dieting
may even encourage greater smoking among adolescent girls (Potter et al. 2004). In
a study of 15-year-olds using 1998 data from seven European countries, Griesbach
et al. (2003) report higher smoking among girls than boys in each country. Another
study of cigarette use in the last 30 days by youth ages 15-16 found gender
differences for only 11 of 36 European countries (with sample size of at least 2500
in each country), and five of the countries (including France) showed higher
prevalence among girls (Hibeli et al. 2012, p. 67). For the US, data from 2013 on
30-day smoking among 12th grade students show minimal gender differences
(Johnston et al. 2014, p. 47). In young and middle adulthood, however, women face
special risks from smoking that are related to childbearing (Graham et al. 2010;
Ingall and Cropley 2010; Oaks 2001). During this part of the life course, women
may have stronger motivations than men to avoid tobacco, their levels of smoking
may decline more, and gender divergence may follow.

Second, education differences may be larger for adults than adolescents (Lacey
et al. 2010). Women and men with high education tend to smoke socially during
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schooling years (Nichter 2015), but being less addicted to nicotine and having more
resources for cessation, they can more easily quit during adulthood or on entrance
into the workforce and childbearing (Bosdriesz et al. 2015; Harman et al. 2006; Reid
et al. 2010). In contrast, women and men with low education adopt smoking more
often as a coping device to deal with stress, become more addicted, and have fewer
resources to help quit (Businelle et al. 2010; Peretti-Watel and Constance 2009;
Peretti-Watel et al. 2009). Although smoking levels may be similar during
adolescence, the motives and circumstances differ enough across education groups
to produce divergence in young and middle adulthood (Pampel et al. 2014).

The Epidemic Model and Life Course Changes in Smoking

The epidemic model suggests that patterns of smoking differ substantially across
cohorts and countries. First, older cohorts raised earlier in the twentieth century,
when cigarette use was growing and health concerns were minimized, had high
levels of smoking, large gender differences, and modest educational differences.
Younger cohorts raised at later stages, when cigarette use was declining and health
concerns were prominently publicized, had lower levels of smoking, larger
educational differences, and smaller gender differences. Second, European countries
entered into the cigarette epidemic later than the US (Pampel 2002), and the later
start helps explain the currently higher smoking in Europe. For example, the number
of cigarettes sold per adult per day peaked in the US in 1961 at 10.7, while it peaked
considerably later in France in 1985 at 6.0 (Forey et al. 2016). Consistent with the
stage of diffusion, European countries have smaller educational disparities and
larger gender disparities than the US (Pampel et al. 2015).

Life course changes in gender and educational disparities in smoking may vary
with the evolution of these disparities across cohorts and countries. The arguments
for gender and education differ in some ways but both posit that the cohort and
country contexts of smoking shape the nature of life course changes. First, as the
epidemic serves to widen education disparities in younger cohorts and in countries
farther along in the epidemic, life course changes consistent with the trends should
also widen disparities. It follows that life course widening of educational disparities
will be greater in younger cohorts than older cohorts and in the US than France.
Second, as the epidemic narrows gender differences, life course widening of gender
disparities should be smaller in younger than older cohorts and in the US than in
France. As gender differences narrow overall, they should also narrow over the life
course.

A few studies have compared smoking disparities over the life course. Legleye
et al. (2011) and Bricard et al. (2015) examined the age-based timing of initiation
and cessation across gender and education groups in France. They found evidence of
widening educational inequalities and narrowing gender inequality across cohorts.
Adding a comparative component, Pampel et al. (2015) examined the timing of
smoking initiation across cohorts in France, Germany, and the US. They found that
the emergence and growth of educational disparities and changes in gender
disparities occurred earlier in the US than in France and Germany. However, in
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examining initiation, they did not measure cessation or fully describe disparities in
prevalence over the life course.

Hypotheses

The focus on life course changes for gender and educational groups across cohorts
and countries defines several hypotheses:

H1 Gender differences in smoking will widen from adolescence to early and
middle adulthood, as women respond to special risks related to childbearing.

H2 Widening of gender disparities over the life course will be weaker in younger
cohorts and the US, as overall gender differences in smoking decline at later stages
of the cigarette epidemic.

H3 Educational differences in smoking will widen from adolescence to early and
middle adulthood, as more highly educated social smokers are better able to use
resources to avoid smoking.

H4 Widening of education disparities over the life course will be stronger in
younger cohorts and the US, as overall education differences in smoking increase at
later stages of the cigarette epidemic.

Methods
Data

Data come from two comparable surveys: (1) the French Health Barometer 2010, a
representative nationwide telephone survey of the non-institutionalized population
aged 15-85 (Beck et al. 2011a, b), and (2) the 2010 US National Health Interview
Survey Sample Adult File, a representative nationwide face-to-face survey of
individuals ages 18 and older within households and non-institutional group quarters
(National Center for Health Statistics 2013). For the population studied here, men
and women at ages 25-69 with complete education and smoking data, the sample
sizes equal 20,940 in France and 20,444 in the US.

In France, the survey used a two-stage simple random sample: household (with
random digital dialing and including mobile phones) and then one person within the
household (Kish method based on the age and gender composition of the
household). The response rate was 60.5%. Weights adjust for survey design, non-
response, and the proportion of mobile phones and use a calibration process based
on age, sex, diploma, employment status, and region to match the distribution of the
last national Labor Force Survey. In the US, the survey used a stratified multistage
procedure that oversamples minority groups. The response rate was 60.8%. Weights
adjusted for design, non-response, and post-stratification adjustment (to match the
age-sex-race/ethnicity distribution in the census).

@ Springer



Life Course Changes in Smoking by Gender and Education... 315

The comparison of France and the US, given the different stages of the cigarette
epidemic in the two countries, is well suited for testing the hypotheses. Pampel
(2003) measured the peak year of the smoking epidemic, reporting an earlier peak in
the US (1955) than France (1978)—an indication of the earlier start of the US
epidemic. Pampel et al. (2015) further demonstrated the later stage of the US by
showing an earlier emergence of educational disparities than in Germany or France.
Another reason for our choice is that France and the US each have surveys with
comparable designs and identical measures of age at initiation and age at cessation.
Although not generalizable to other high-income nations, the comparison of two
countries improves on the more common study of a single nation.

Measures

Each dataset measures the age at smoking uptake for those who had ever smoked
regularly. In the French data, uptake referred to regular/daily smoking (“A quel age
avez-vous commencé a fumer régulierement, i.e. tous les jours?”) with a follow-up
probe on daily smoking for uncertain respondents. This question was asked to
current regular or former regular smokers (who had been smoking at least 6
months). In the US data, uptake referred to regular smoking (“How old were you
when you FIRST started to smoke fairly regularly?”). This question was asked to
current or former smokers (who had smoked 100 cigarettes in their lifetime).
Similar questions asked former smokers at what age they quit smoking. Questions
on age of starting and stopping to smoke can be used to construct an accurate age-
specific tobacco-use history for each respondent (Bilal et al. 2014). To describe life
course patterns, we create person-age data for a dichotomous measure of smoking.

Education was measured in four categories. To be comparable across countries,
these categories are coded from national diploma typologies using ISCED standards
(UNESCO 2015): (1) ISCED 0-2 levels: below upper secondary education (low),
(2) ISCED 3 and 4: upper secondary education and post-secondary non-tertiary
education (medium), (3) ISCED 5: short-cycle tertiary education (high-short), and
(4) ISCED 6 and over: at least a bachelor’s degree or equivalent level (high-long).
In the USA, the category “some college, no degree” is not a formal credential but
differs from a high school degree only and, as recommended by Kerckhoff et al.
(2002), is classified in the first level of tertiary education (ISCED 5, high-short).

The analysis sample was restricted to respondents who were at least 25 years old
at the time of the survey, so as to take the final educational level reached into
account, and to subjects under 70 so as to minimize recall problems and selection
biases resulting from differential mortality (Christopoulou et al. 2011). Age in 2010
was used to define three cohorts for comparison: ages 55-69 (born 1941-1955),
ages 40-54 (born 1956-1970), and ages 25-39 (born 1971-1985). To make the
comparisons of smoking meaningful across cohorts, the ages of initiation for the
older cohorts are restricted to a maximum of age 39, the upper bound of the
youngest cohort. Initiation after those ages is considered censored.

Given the focus on initiation during adolescence, before schooling is completed,
education serves here as a general indicator of social and economic characteristics
associated with future socioeconomic advantage. The relationship between
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education and smoking encompasses the influences of factors such as “differences
in time preferences, aspirations, friends and social networks, risk preferences, and
cognitive and noncognitive skills” (Maralani 2013, p. 130). Given the timing
inconsistencies, we avoid attributing causal importance to years of schooling or
degree by themselves but use the measure as a broad indicator related to health
advantages that emerge early in the life course. Whatever the underlying sources of
the relationship between education and smoking, the existence of disparities lends
importance to the measurement and study of the relationship.

Empirical Strategy

Smoking patterns by gender, education, and cohort for France and the US are
described by prevalence of smoking from age 14 to 39. Three figures present the
gender difference in smoking prevalence over the life course. Figure 1 presents the
life course evolution of smoking prevalence by gender for each cohort and country
considering all levels of education together. Figures 2 and 3 display these changes
for low education and high education levels separately. We present these two
extreme groups for parsimony and because the intermediary groups show graduated
results.

For the analysis, the data are pooled by year of age for each individual from ages
14 to 39 or current age. For each case defined by person and age, the outcome equals
a binary measure of currently smokes or not. Discrete-time regression models with

United States - Cohort 1941-1955 United States - Cohort 1956-1970 United States - Cohort 1971-1985
=3

France - Cohort 1941-1955

54.4

Fig. 1 Smoking prevalence by age for gender and cohort groups—all levels of education. Note men solid
line, women dotted line
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United States - Cohort 1941-1955 United States - Cohort 1956-1970 United States - Cohort 1971-1985

o~ o~ o
T T T T T T T T T T T T T T T
15 20 25 30 35 40 15 20 25 30 35 40 15 20 25 30 35 40
Age Age Age
France - Cohort 1941-1955 France - Cohort 1956-1970 France - Cohort 1971-1985
63.4
3 57.3 8 598

Fig. 2 Smoking prevalence by age for gender and cohort groups—low education. Note men solid line,
women dotted line

adjustment of standard errors for clustering within individuals are used to compare
the life course evolution of smoking prevalence by gender and education for the
age-person data (Allison 1982). The models control for gender and follow-up age in
categories (14-19, 20-24, 25-29, 30-39) and also include cohort as year of birth to
control for smoking differentials within the 15-year cohorts. We first test for gender
differences in smoking patterns during the life course by including interaction terms
of gender and age in categories (Model 1). As males and ages 14-19 serve as
reference categories, the interaction terms estimate the extent of changes in gender
differences from adolescence to older ages. The combined test of significance of
interaction terms and a linear trend test over the age categories are used to
summarize the results.

Using the same strategy, we also test for education differences in smoking
patterns during the life course by including interaction terms of education and age in
categories (Model 2). The interaction terms estimate the differences between the
lowest educational category (reference) and each of the other educational categories
for each of the age categories. The combined test of significance of interaction terms
and a linear trend test over the age categories by educational level help summarize
the results.

Finally, after these two series of two-way interaction tests between age and
gender/education, we also consider the possible combined influence of age, gender,
and education by testing a model with a three-way interaction.
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United States - Cohort 1941-1955 United States - Cohort 1956-1970 United States - Cohort 1971-1985
84 3 84
(=) o
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Age Age Age
France - Cohort 1941-1955 France - Cohort 1956-1970 France - Cohort 1971-1985
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© ©
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15 20 25 30 35 40 15 20 25 30 35 40 15 20 25 30 35 40
Age Age Age

Fig. 3 Smoking prevalence by age for gender and cohort groups—high education. Note men solid line,
women dotted line

For all these analyses, we use a linear probability model to interpret gender and
educational differences directly as an absolute measure of the difference (or gap),
which focuses directly on a probability scale and makes the interpretation of the
interactions easier. Logit and probit models with interaction terms to make
comparisons across groups have well-known limitations (Allison 1999) and involve
considerable complexity in interpretation (Ai and Norton 2003). Linear probability
models avoid these problems and with our large sample size give similar results to
logistic regression in terms of statistical inference. We also correct models for
individual clustering over ages and heteroscedasticity using robust standard errors.
We perform the analysis by cohort and country separately. Note that checks with
logit models show that the linear probability estimates are robust. Given the special
problems in interpreting interactions in logit models, the coefficients cannot be
compared directly to the regression-based interaction coefficients presented in the
tables. However, logit models can be compared more meaningfully to additive
linear probability models with marginal probability effects calculated at the means
of the model predictors. We therefore examined the effects of gender and education
within each of 12 groups (four age groups by three cohorts). The two sets of models
gave nearly identical results.
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Results

The distribution by education differs across the two countries (Table 1). The mode
equals the second educational category (premier et second cycle hors baccalauréat)
in France and, with one exception, the highest educational category (college degree)
in the US. Across cohorts, France shows a major decline in the proportion in the
lowest category and more modest increases in the others. The US shows more
stability, with the largest decrease occurring among women attaining a high school
degree and the largest increase occurring among women attaining a college degree.
Women have lower educational attainment in the older cohorts in both nations, but
not in the youngest cohort.

Gender Differences over the Life Course
The graphs first demonstrate convergence across cohorts in prevalence of male and

female smoking (Fig. 1). In France, the gender gap at age 25 falls from 32.7
percentage points (54.4-21.7) in the oldest cohort to 9.6 (50.5-40.9) in the youngest

Table 1 Education levels (%) by cohort and gender: France and the US

Cohort 1941-1955 Cohort 1956-1970 Cohort 1971-1985
Men Women Men Women Men Women
France
Education level N=2790 N=3848 N =23286 N =3925 N =23249 N = 3842
Non scolarisés ou CEP* 35.7 46.1 26.4 30.3 17.8 18.7
Etudes de premier oude 43.2 374 51.0 479 50.3 42.1
second cycle®
1 ou 2 années d’études 8.3 6.8 10.4 11.1 14.9 18.2
supérieures au
baccalauréat®
3 ou + années d’études 12.8 9.7 12.2 11.1 17.0 21.0
au baccalauréat?
uUs
Education level N=12595 N=3267 N=3283 N=23920 N=23336 N =4043
No degree (grades 0-12)  13.9 14.0 13.2 10.3 13.5 11.7
High school degree or 24.9 28.8 28.3 26.2 24.8 20.7
GED
Some college or associate 25.6 30.2 28.2 31.3 28.4 32.0
degree
College degree or higher  35.7 27.0 30.3 322 334 35.6

* No degree or primary school certificate
® Lower or upper secondary education
¢ One or two years of study after the baccalaureate

9 At least 3 years of study after the baccalaureate

@ Springer



320 F. C. Pampel et al.

Table 2 Regression coefficients for smoking by cohort, gender, and education: France

Cohort 1941-1955 Cohort 1956-1970 Cohort 1971-1985
b LCI UcCl b LCI UCI b LCI UCI
Model 1
Age (ref. 14-19)
20-24 0.34 0.33 0.36 0.28 0.27 0.29 0.25 0.24 0.26
25-29 0.37 0.35 0.39 0.30 0.29 0.32 0.26 0.25 0.28
30-39 0.31 0.29 0.32 0.25 0.24 0.27 0.21 0.20 0.23
Female -0.11 -0.12 -0.10 -0.05 -0.06 -0.03 -0.01 —0.03 0.00
Female x age
20-24 -020 -021 -0.18 -0.04 -0.06 -0.02 —-0.04 —-0.06 -—0.03
25-29 -0.19 -021 -0.17 -0.05 -0.07 -0.03 —-0.07 —-0.09 -—-0.05
30-39 -0.12 -0.14 -0.10 -0.03 -0.05 -0.01 —-0.06 —0.09 -—-0.03
Interaction F* 160.9 0.00 9.76 0.00 15.8 0.00
Trend female® —0.02 0.00 —0.01 0.02 —0.03 0.00
Cohort 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01
Constant —149 —188 —109 —-035 —-4.36 365 —-779 -—11.8 =373
Model 2
Age (ref. 14-19)
20-24 0.18 0.17 0.20 0.26 0.24 0.28 0.26 0.23 0.28
25-29 0.21 0.19 0.22 0.27 0.25 0.29 0.26 0.23 0.29
30-39 0.12 0.10 0.13 0.20 0.17 0.22 0.23 0.19 0.27
Female -0.18 -0.19 -0.16 —-0.07 -0.08 —-0.05 -0.04 —-0.06 -—0.02
Education
Educ2 -0.04 -0.05 -0.03 -0.03 -0.05 -0.02 -0.07 -0.10 —-0.04
Educ3 -0.06 -0.08 -0.04 -008 -0.11 -0.06 —-0.16 —-0.19 -—-0.13
Educ4 -0.04 -006 -003 -0.10 -0.12 -0.08 —-0.21 —-0.24 —-0.18

Education x age
Educ2 x 20-24 0.05 0.03 0.07 002 000 004 001 —0.01 0.04
Educ2 x 25-29 0.06 0.04 0.09 0.03 0.01 0.06 000 —0.04 0.04
Educ2 x 30-39 0.05 0.03 0.07 002 000 005 -001 —0.06 0.04
Educ3 x 20-24 0.11 0.07 0.14 -0.04 -0.07 -0.01 -0.05 —0.08 —0.02
Educ3 x 25-29 0.12 0.08 0.16 —-0.03 —-0.06 001 -005 —-0.09 -0.01
Educ3 x 30-39 0.08 0.05 0.12 -0.02 -006 001 -0.08 —-0.14 -0.03
Educ4 x 20-24 0.09 0.06 0.11 -0.03 -0.06 -001 -0.09 —-0.12 -0.06
Educ4 x 25-29 0.10 0.07 0.13 —-0.02 -0.05 001 -0.09 —-0.13 -0.06
Educ4 x 30-39 0.07 0.05 0.10 -0.01 -0.04 003 -0.10 —-0.15 -0.05

Interaction F* 9.64 0.00 4.15 0.00 14.9 0.00
Trend Educ2® 0.01 0.00 0.01 0.13 —0.00 0.63
Trend Educ3® 0.02 0.01 —0.00 0.57 —0.03 0.00
Trend Educ4® 0.02 0.00 0.00 0.81 —0.03 0.00
Cohort 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01
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Table 2 continued

Cohort 1941-1955 Cohort 1956-1970 Cohort 1971-1985
b LCI UCI b LCI UCI b LCI UCI
Constant -165 =203 —12.8 =525 -927 —122 -853 —124 —4.61

? Test for combined significance of all interaction terms, followed by p value

® Test for linear trend in the interaction with age, coefficient followed by p value

cohort. Being farther along in the epidemic, the gender gap is smaller in the US,
especially for the oldest cohorts, but the gap narrows from 15.2 to 7.8.

In support of H1, the gender gap appears narrower in adolescence—rates reach
near parity before age 20 in the youngest cohorts—than in young and middle
adulthood. The top panels of Tables 2 and 3 (Model 1) present tests for gender
differences in life course patterns with the age categories (14—19 reference, 20-24,
25-29, and 30-39). For France, the female-by-age coefficients in Table 2 show
that the differences in smoking between men and women are significantly larger
(i.e., more negative) for all three age groups and all three cohorts. The interaction
F-tests show significant differences for all three age groups combined relative to
ages 14-19, while the trend test confirms that the gender gap increases slowly with
age (from 14-19 to 30-39). Although gender differences widen across ages in all
cohorts, the differences are smallest for the youngest cohort. Compare, for
example, the difference between ages 14-19 and 30-39 for the oldest cohort
(b = —.12) and the next two cohorts (b = —.03 and —.06). These cohort
differences support H2. For the US, significant female-by-age interactions support
H1 (Table 3), but the differences are smaller and more similar across cohorts than
in France. The smaller widening of age-based gender differences in the US further
supports H2.

Comparing gender differences over the life course by level of education further
differentiates the patterns (Figs. 2, 3). For the low education groups in Fig. 2,
gender convergence occurs to a limited degree. The gap at age 25 rises from cohort
1 to 2 in the US and then declines to 8.9 percentage points from cohorts 2 to 3.
France evidences greater convergence from cohort 1 to cohort 2 but little change
afterward. The gender gap for cohort 3 remains at 15.6 percentage point. The
prevalence level changes little for men and rises considerably for women. In
contrast, the US shows some decline in both groups.

For those with high education, a pattern of convergence during adolescence and
divergence afterwards emerges. By cohort 2 in France and the US, and even more
strongly in cohort 3 in France, female smoking during adolescence exceeds or
equals male smoking. At older ages, however, male smoking exceeds female
smoking. The adult gender gaps are smaller in younger cohorts than the oldest
cohort but are apparent in all comparisons of high education groups. To varying
degrees, then, the gender gap appears larger later in the life course and supports H1.
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Table 3 Regression coefficients for smoking by cohort, gender, and education: US

Cohort 1941-1955

Cohort 1956-1970

Cohort 1971-1985

b LCI UCI b LCI UCI b LCI UCI
Model 1
Age (ref. 14-19)
20-24 0.21 0.19 0.22 0.15 0.14 0.16 0.14 0.13 0.15
25-29 0.22 0.21 0.23 0.16 0.15 0.18 0.12 0.11 0.14
30-39 0.17 0.15 0.19 0.13 0.12 0.14 0.08 0.07 0.10
Female -0.12 -0.14 -0.11 -0.04 -0.05 -0.02 —-0.05 -0.06 —0.03
Female x age
20-24 -0.05 -0.07 -0.03 -0.03 -0.04 -0.01 —-0.04 -0.05 -0.03
25-29 -0.05 -0.07 -0.03 -0.04 -005 -0.02 —-0.04 -0.05 -0.02
30-39 —-0.01 —0.04 0.01 -0.03 -0.04 -0.01 -0.02 —-0.05 0.00
Interaction F* 17.86 0.00 6.92 0.00 13.92 0.00
Trend female® —0.00 0.55 —0.01 0.01 —0.01 0.06
Cohort 0.00 —0.01 0.00 -0.01 -0.01 —-0.01 0.00 0.00 0.00
Constant 7.53 273 1233 20.19 16.12 2425 0.28 —3.45 4.02
Model 2
Age (ref. 14-19)
20-24 0.14 0.13 0.16 0.12 0.10 0.14 0.11 0.09 0.12
25-29 0.17 0.15 0.19 0.13 0.11 0.15 0.11 0.09 0.13
30-39 0.16 0.14 0.19 0.10 0.08 0.13 0.10 0.07 0.13
Female -0.16 -0.18 -0.14 —-0.06 -0.07 -0.04 -0.07 -0.09 —-0.06
Education
Educ2 —0.03 —0.06 0.00 —-0.01 —0.04 0.02 0.01 —0.01 0.04
Educ3 -0.04 -0.07 -0.01 -0.05 -0.08 -—-0.02 —-0.02 —-0.04 0.01
Educ4 -0.15 -0.18 -0.12 -0.15 -0.17 -0.12 —-0.13 —-0.16 —0.11
Education x age
Educ2 x 20-24 0.05 0.02 0.07 0.05 0.03 0.07 0.03 0.01 0.05
Educ2 x 25-29 0.04 0.01 0.07 0.07 0.04 0.09 0.02 0.00 0.05
Educ2 x 30-39 0.02 —-0.01 0.05 0.07 0.04 0.10 —-0.02 —0.06 0.02
Educ3 x 20-24 0.05 0.02 0.07 0.04 0.02 0.06 0.04 0.02 0.06
Educ3 x 25-29 0.03 0.01 0.06 0.04 0.02 0.07 0.03 0.00 0.05
Educ3 x 30-39 0.00 —0.03 0.03 0.03 0.00 0.06 —0.01 —0.05 0.03
Educ4 x 20-24 0.04 0.01 0.06 —0.02 —0.04 0.00 —-0.02 -0.04 -0.01
Educ4 x 25-29 0.02 -0.01 0.05 -0.04 -0.06 -0.02 -0.04 -0.07 —-0.02
Educ4 x 30-39 —-0.03 —0.06 0.00 -0.05 -0.07 -0.02 -0.06 —-0.10 -—-0.03
Interaction F* 6.17 0.00 15.00 0.00 10.60 0.00
Trend Educ2” 00 037 0.02  0.00 —0.00  0.63
Trend Educ3® —.00 0.63 0.01 0.01 —0.00 0.80
Trend Educ4® —.01 0.02 —0.02 0.00 —0.02 0.00
Cohort 0.00 —0.01 0.00 -0.01 -0.01 —-0.01 0.00 0.00 0.00
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Table 3 continued

Cohort 1941-1955 Cohort 1956-1970 Cohort 1971-1985
b LCI UCI b LCI UCI b LCI ucCI
Constant 6.28 1.51 11.05 18.53 1455 2252 098 —2.68 4.63

? Test for combined significance of all interaction terms, followed by p value

® Test for linear trend in the interaction with age, coefficient followed by p value

Educational Differences over the Life Course

We also examine changes in educational differences in smoking prevalence over the
life course using a similar strategy (Model 2). In the bottom panels of Tables 2 and
3, interaction terms for education-by-age allow the differences between the lowest
education group and each of the other groups to vary with age category. At ages
14-19, the results confirm the presence of educational inequalities in smoking: the
coefficients for the reference effect of education (at 14-19) show a gradient with
lower prevalence for high education group for all cohorts in France and the US. Of
more importance for tests of the hypotheses, the education-by-age interaction
coefficients show changes in educational disparities at older ages. In general, the
results support H3 in showing evidence of greater disparities at older ages, and they
support H4 in showing that the widening disparities are stronger for younger cohorts
than older cohorts and for the US than France. For the oldest cohort in France, small
educational disparities in adolescence (—.04 for high education) get smaller at ages
30-39 (—.04 + .07). Yet, for the youngest cohort in France, the large educational
disparities in adolescence (—.21 for high education) get even larger at ages 30-39
(=21 4+ —.10). The change across cohorts is summarized by the trend for high
education, which reverses from positive (.02) in the oldest cohort to negative in the
youngest cohort (—.03).

In the US at ages 14-19 (Table 3), the negative education-by-age interaction
terms and the negative linear trend for high education of —.01, —.02, and —.02
indicate widening of disparities at older ages, again supporting H3. Further, in
support of H4, the widening of education disparities increases across cohorts,
though not by a large amount. At ages 30-39, the effects for high education are
—.18 (.15 + —.03) for the oldest cohort and —.19 (.13 4+ —.06) for the youngest
cohort.

The results provide some additional support for H4, that the widening across age
is greater in the US than France. The widening is stronger in the US for the two
oldest cohorts but has become more similar across countries for the youngest cohort.
For example, the effect of high education at ages 30-39 is .07, —.01, and —.10 in
France, and —.03, —.05, and —.06 in the US.

Also note that in France, the strengthening of education differences is apparent
for the highest and next-to-highest education group, whereas in the US, the pattern
is apparent only for the highest college-educated group. For example, for
the youngest cohort at ages 30-39 in France, the probability of smoking is
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—.24 (-.16 4+ —-.08) lower for the next-to-highest educational group and —.31
(=21 4 —.10) for the highest education group. In the US, the probability of smoking
is —.19 (=13 4+ —.06) lower for the highest educational group but only —.03
(=02 4+ —.01) for the next highest educational group.

Additional tests address the question of whether gender differences in life course
patterns vary by level of education. The three-way interaction terms between age,
education, and gender seldom reach statistical significance and, when they do,
reflect more in the way of randomness than a systematic pattern. Thus, age patterns
of smoking vary by education and vary by gender but do not vary by the combined
categories of education and gender. This null outcome highlights the fundamental
role played by the social position (diploma) for smoking inequality, as it indicates
that men and women show similar educational disparities over the life course.
Conversely, it also shows that gender disparities over the life course are similar
within educational groups.

Discussion

Smoking represents a crucial outcome for the study of the social distribution of
health because of its singular negative influence on health and longevity and its
strong relationship to social and economic disadvantage. In addition, gender and
education differences in smoking across stages of the cigarette epidemic and stages
of the life course have importance for public health policy. Our approach to
understanding gender and educational disparities in health links two theoretical
perspectives, one focused on life course changes and one on the cigarette epidemic.
The four hypotheses following from the theories relate not only to gender (H1) and
education (H3) but also to cohort and nation (H2 and H4). We test the hypotheses by
comparing age differences in smoking by gender and education across three broad
cohorts and two countries.

In support of the hypotheses, we show a general tendency for gender and
educational differences to widen from adolescence to early and middle adulthood
(H1 and H3). This age pattern accentuates disparities only beginning to emerge
during adolescence. In addition, our results on education show that the effect of age
on educational inequalities is changing across cohorts: age does more to widen
inequalities in more recent cohorts (H4). In contrast, gender differences consistently
increase with age, but in a more moderate way in the most recent cohort (H2). Also
consistent with H2 and H4, the changes across cohorts are more apparent in France
than the US. However, we find little evidence that these age patterns vary across
combined gender and education categories, which suggests that the effect is more of
an additive nature than of a multiplicative nature. Some more specific implications
follow from these general findings.

Gender Patterns

The results show a tendency of male and female smoking to converge in recent
cohorts, particularly during adolescence and for the highly educated. But this
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tendency to converge over cohorts is accompanied by a tendency to diverge over the
life course, as female smoking declines starting from young adulthood. This
divergence of male and female smoking over the life course occurs across cohorts
and countries (H1), but appears stronger in earlier than later cohorts and in France
than the US (H2).

In relation with this observation, one question which has been raised in the
literature is whether there will be a cigarette consumption cross-over between men
and women, and whether in the long run the female advantage in terms of survival
will be threatened due to rising female lung cancer death rates concomitant to
falling male lung cancer death rates. We indeed find that there is a cross-over in the
last cohorts in France and in the middle cohorts in the US among the highly
educated, but this cross-over is limited to adolescence and very early adulthood, and
that, starting from a threshold of around 20-24 years, i.e., from the start of
childbearing ages, the consumption of females falls below that of males. Therefore,
the eventual cross-over is limited to an early period in the life course and to the
highly educated, among which the consumption had already fallen quite low. This
protective life course pattern of female smoking prevalence does not support the
idea that female lung cancer rates will surpass those of males. In addition, we may
expect that the gender differences over the life course would increase with cohorts
when women face their first pregnancy, as the medicalization of pregnancy and the
efforts in the prevention of tobacco smoking have been much more pronounced over
time. But the contribution of being aged 20-24 or 25-29 compared to being aged
15-19 is not increasing the gender difference over cohorts. This reflects in fact a
similar tendency of men and women to stop smoking at these ages in the most recent
cohorts.

Education Patterns

Results also show historical and life course patterns of educational differences. For
all cohorts and countries, educational differences in smoking are found in
adolescence and they tend to increase with age (H3). In addition, the cohorts differ
in terms of life course changes. In the oldest cohort and for some educational groups
in the intermediate cohort, we find that educational inequalities tend to taper over
age. In contrast, we find for the most recent cohort a widening of inequalities with
increasing age both in France and in the US (H4).

A life course pattern of increasing difference suggests that, after an early phase of
experimentation, there are different cessation dynamics in different educational
groups. Those attaining additional education tend to experiment then quit at the
threshold of adulthood, whenever confronted to family and work constraints, and
this applies particularly to women during their childbearing ages. This type of life
course pattern (experimenting then quitting) is somewhat similar to the temporal
trend in the diffusion model: initial spread followed by rejection.

This life course pattern of early initiation and discontinuation at entry into
adulthood is very specific to the social roles and health awareness of more educated
groups, and much less visible in groups with less education that pursue the habit
well into adulthood, particularly in the most recent cohorts, in which smoking is on
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the rise compared to older cohorts. We must qualify these findings and conclusions
by noting that we are unable to identify the causal sources of the relationship
between education and smoking. The relationship involves more than formal
schooling and learning, as smoking typically emerges before the completion of
education. Nonetheless, even without a causal analysis, describing variation in the
education—smoking relationship across age, cohort, and country offers insights into
the nature of the disparities and the targets for policy change.

Policy Implications

The study of life course changes in smoking suggests that understanding adult life
course transitions may help in planning public policy. It raises the issue of
population approaches versus more targeted policies for tobacco reduction. A
population approach to public health (Rose 1985, 1992) advocates mass environ-
mental interventions such as raising tobacco prices and restricting use of tobacco in
public places. These programs have contributed importantly to lowering overall
smoking prevalence in the US and European countries. Several studies and reviews
further suggest that clean air laws and price increases benefit disadvantaged groups
(Dinno and Glantz 2009; Schaap et al. 2008; Thomas et al. 2008). However, there is
some concern over the potential for population-level policies to worsen inequalities
in smoking (Frohlich and Potvin 2008). Our results suggest that policies based on
aggregate prevalence over all ages may miss key points of transitions during the
early adult life course and the transition to adulthood, and therefore do less to lower
smoking for disadvantaged groups and worsen inequalities.

Limitations

The results are limited by the focus on two nations, however. Differences in results
across France and the US can result from sources other than stage of the cigarette
epidemic, such as the educational system, marketing and sales regulations, and
cultural norms and attitudes. As part of a general theory, the epidemic and diffusion
arguments apply to other countries and offer explanations to go beyond unique
characteristics of particular countries. Replicating the results for other nations with
different histories of smoking adoption and anti-smoking policies can give insight
into the generality of findings about changing smoking disparities over the life
course and our tests of the theory. Extension of the cohorts studied to those born
more recently and subject to the growth of anti-smoking policies would likewise be
helpful, although such efforts must await future data. The results are also limited by
the use of retrospective data. Studies suggest that recollections of starting and
stopping age are generally accurate (Bilal et al. 2014), and that differential mortality
has only small effects on cohort comparisons of educational disparities (Pampel
2005). It is still possible that older cohorts have weaker disparities because less
educated smokers die sooner and less accurately recall their earlier smoking. Yet,
support for the diffusion theory shows in comparisons across gender, age, and
countries as well as cohort, findings that can less easily be explained by recall and
mortality bias. Despite these limitations, the ability to reconstruct smoking histories
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from cross-sectional data makes it possible to compare smoking disparities across
the life course, cohorts, and countries in ways that increase our understanding of
gender and educational differences in health.
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