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Abstract — We reanalyze data from the 1981 mailed questionnaire survey of the Australian
twin register, to test for a genetic effect on smoking persistence (whether or not a smoker quits
smoking). In the young cohort, aged 18-30 years, there are too few ex-smokers to permit res-
olution of genetic and non-genetic models. In the older cohort, we find a significant and sub-
stantial genetic effect on smoking persistence, accounting for 53% of the variance. This genetic
effect on smoking persistence is independent of genetic effects on smoking initiation.

Much is known about the contribution of genetic factors to the natural history (Vail-
lant, 1983) of alcohol use and abuse. Selective breeding experiments in rodents have
demonstrated an influence on “‘ethanol consumption, initial central nervous system
sensitivity, ability to acquire tolerance, and expression of withdrawal symptoms”
(McClearn & Erwin, 1982; see also Li et al., 1988). Studies of adoptees (Bohman et al.,
1981; Cadoret, Cain, & Grove, 1980; Cloninger, Bohman, & Sigvardsson, 1981; Good-
win et al., 1974), of half-siblings (Schuckit, Goodwin, & Winokur, 1972), and of twins
(Kaij, 1960; Hrubec & Omenn, 1981; Kaprio et al., 1987; McGue et al., 1989) have,
with rare exception (Gurling, Murray, & Clifford, 1981; Murray, Clifford, & Gurling,
1983), confirmed a significant influence on the development of alcoholism. Surveys of
drinking practices in general community samples of twins have also demonstrated a
strong genetic influence on alcohol consumption patterns (Cederlof, Friberg, & Lund-
man, 1977, Clifford, Fulker, Gurling, & Murray, 1981; Heath, Jardine, & Martin, 1989;
Heath, Meyer, Eaves, & Martin, 1991; Heath, Meyer, Jardine, & Martin, 1991; Jardine
& Martin, 1984; Kaprio, Koskenvuo, & Sarna, 1981; Kaprio et al., 1987; Partanen,
Bruun, & Markkanen, 1966). Such findings have generated laboratory-based twin stud-
ies which have demonstrated the role of genetic factors in determining the change in
psychomotor performance, and differences in subjective ratings of intoxication, in
response to a standard challenge dose of alcohol (Martin et al., 1985; Neale & Martin,
1989; Martin & Boomsma, 1989). High-risk studies of the sons of alcoholics and con-
trols have demonstrated a decreased reactivity to alcohol in the former group which, it
is hypothesized, may mediate the genetic influence on alcoholism (Schuckit, 1990;
Schuckit & Gold, 1988).

Rather little is known from human studies, in contrast, about the role of genetic fac-
tors in the natural history of the smoking habit (Hughes, 1986). Several large-sample
twin surveys have obtained data about smoking (Cederloff et al., 1977; Eaves &
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Eysenck, 1980; Hannah, Hopper, & Mathews, 1984; Kaprio et al., 1981; Meyer, Heath,
Martin, & Eaves, 1990; Pedersen, 1981), in most cases in order to permit investigation
of the effects of smoking on health. Few genetic analyses have attained the level of
sophistication characteristic of analyses of genetic influences on alcohol use and abuse.
These suggest a significant genetic influence on initiation of the smoking habit (Eaves
& Eysenck, 1980; Hannah et al., 1984; Heath, Meyer, & Martin, 1993; Meyer et al.,
1993), the age at which onset of smoking is reported to occur (Heath, Meyer, & Martin,
1993), and the average daily consumption reported by smokers (Eaves & Eysenck,
1980; Meyer et al., 1993). Results in these studies, however, have not always been con-
sistent across sexes (Eaves & Eysenck, 1980; Heath, 1990) or across age-cohorts (Heath
et al., 1990).

In this paper, we address the question of whether there is any genetic influence on
persistence of the smoking habit in those who are smokers. Two research groups have
conducted careful genetic analyses and reported a significant genetic influence (Eaves
& Eysenck, 1980; Hannah et al., 1984). Unfortunately, the two genetic analyses were
based on radically different assumptions. In an analysis of data from a relatively small
sample of London twin pairs (n = 547 pairs), Eaves and Eysenck used a parametric
model which assumed that the same genetic and environmental factors determine
smoking persistence as determine smoking initiation. In contrast, Hannah et al. ana-
lyzed data from a much larger sample of Australian twin pairs (Jardine & Martin, 1984;
Jardine, 1985), but used a non-parametric approach which assumed complete indepen-
dence of the genetic and environmental factors which determine persistence, and those
which determine initiation. Incorrect assumptions about the determinants of initiation
and persistence would lead to a serious bias in the estimate of genetic and environmen-
tal parameters. If persistence and initiation have independent determinants, then the
approach of Eaves and Eysenck would confound two different modes of inheritance
(Heath, Meyer, Eaves, & Martin, 1991). If persistence and initiation have common
determinants, then the Hannabh et al. analysis, which considered only pairs concordant
for being smokers, would lead to truncation of the underlying liability distribution
through exclusion of the non-smokers (Heath, Meyer, Eaves, & Martin, in press). Such
truncation can lead to very serious biases in estimates of genetic effects from twin data
(Martin & Wilson, 1982; Neale, Eaves, Kendler, & Hewitt, 1989).

In a reanalysis of the London data, we compared the results of fitting the Eaves and
Eysenck model, a parametric version of the Hopper et al. model (Eaves, Eysenck, &
Martin, 1989), and a more general model which included the two others as special cases
(Heath, 1990). Our reanalyses confirmed the appropriateness of the original assump-
tions used by Eaves and Eysenck, since the parametric version of the Hopper model
gave a very poor fit to the data. This was an unexpected finding. If the only genetic and
environmental risk-factors which influenced smoking persistence were those which also
determined initiation of the habit, then this appeared difficult to reconcile with the
notion that smoking persistence is largely related to the development of nicotine depen-
dence (U.S. DHHS, 1988). Since we know, from analyses of other data, that the genetic
factors which determine average daily consumption are independent of those which
determine smoking initiation (Meyer et al., 1993), this would imply no effect of level of
consumption on smoking persistence! Sample sizes in the London study were small,
however, and the sample was rather youthful (Eaves & Eysenck, 1980; Eaves, Eysenck,
& Martin, 1989), so that there were relatively few ex-smokers in the sample. We there-
fore turn our attention in this paper to the much larger Australian sample, which had
a wider age-range, and would therefore be expected to be much more informative about
the casues of smoking persistence versus smoking cessation.
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METHODS

Sample measures

The 1981 Australian twin survey has been described in detail elsewhere (Hannah et
al., 1984; Heath & Martin, 1988; Jardine & Martin, 1984; Jardine, 1985). A self-report
questionnaire was mailed to all 5967 twin pairs enrolled on the Australian National
Health and Medical Research Council volunteer twin panel, aged 18 years or greater,
between November, 1980 and March, 1982. Completed questionnaires were returned
by both members of 3810 twin pairs, for a 64% pairwise response rate. These included
1233 monozygotic (MZ) female and 751 dizygotic (DZ) female like-sex pairs, 567 MZ
male and 352 DZ male like-sex pairs, and 907 unlike-sex pairs. This excess of mono-
zygotic twin pairs, and of female twin pairs, has commonly been found in studies of
volunteer twin samples (Lykken, Tellegen, & DeRubeis, 1978; Martin & Wilson, 1982).

Included in the survey were questions about whether the respondent had ever
smoked (“Have you EVER been a smoker?”’); the ages at which the respondent stopped
smoking cigarettes, pipe or cigars, if a former smoker (“If you have stopped smoking,
how old were you when you stopped?”); and the respondent’s present (or former) aver-
age daily consumption (“How many CIGARETTES do (or did) you usually smoke in
a day?”). On the basis of their answers to these items, respondents were classified with
respect to their use of cigarettes as either non-smokers, ex-smokers, or current smokers.

Data summary

The total sample was subdivided into those twin pairs aged 30 years or less at the time
of response (‘“‘young cohort”), and those twin pairs aged greater than 30 years (“older
cohort”). We considered that twins from the young cohort were more likely to have
been exposed to information about the harmful effects of smoking (Royal College of
Physicians, 1962; National Health and Medical Research Council, 1962) during ado-
lescence, the age at which most smokers reported starting to smoke (Heath et al., 1993).
Thus, we anticipated that there might be important differences in smoking behavior
between the young and older cohorts. For each twin group, from each cohort, a two-
way contingency table was computed cross-classifying the smoking status (non-smoker;
ex-smoker; current smoker) of the first twin from each pair by the smoking status of the
co-twin. Respondents from like-sex pairs were assigned as first or second twins on the
basis of birth order where this information was available, but otherwise at random.
Twins from unlike-sex pairs were reordered so that the first twin was always the female
twin, the second twin her male co-twin.

Models

We considered three alternative models for the relationship between the genetic and
environmental determinants of smoking initiation, and of smoking persistence versus
smoking cessation. These models are elaborated in Heath (1990), where they were
applied to the London twin data of Eaves and Eysenck. The critical assumptions of
these models are represented diagrammatically, in the form of probability trees, in Fig-
ure 1. Model 1(a), the Single Liability Dimension (SLD) model, assumes that the same
genetic and environmental risk-factors which determine initiation of the smoking habit
also determine smoking persistence. Persistent smokers are assumed to be more
extreme in genetic or environmental risk than smokers who are able to quit smoking.
Under this model, y,, y, and y; denote the unconditional probabilities that a male
respondent will be a non-smoker, ex-smoker or current smokers (with separate proba-
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(a) Single liability dimension model

Y1 Y3

Y2

Current Ex-Smoker Non-Smoker
Smoker

(b) Independent liabllity dimensions model

Y1 Y2
*Initiation”
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X1 X2 1
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Current Ex-Smoker Non-Smoker
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(continued)
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(¢c) Combined Model

Y1 Y3
Y2
*Initlation”

Current Ex-Smoker Non-Smoker
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Current Ex-Smoker Non-Smoker
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Fig. 1. Probability trees for single liability dimension (a), independent liability dimensions (b),
and combined (c) models.

bilities y{, y; and yj estimated for female respondents). This is the model which was
assumed by Eaves and Eysenck (1980) in their analysis of smoking status in the London
twin sample. An important prediction of this model is that the co-twins of persistent
smokers are more likely to themselves be smokers than are the co-twins of ex-smokers.
Model 1(b), the Independent Liability Dimensions (ILD) model, postulates the exis-
tence of independent Initiation and Persistence dimensions, each determined by sepa-
rate genetic and environmental risk-factors. The Initiation dimension determines the
probability that a respondent will become a smoker (y, or y{) or never start smoking (y,
or y}). The Persistence dimension determines the conditional probability that an indi-
vidual will persist in smoking (x, or x}) or quit smoking (X, or x}), given that that indi-
vidual has become a smoker. If the respondent is a non-smoker, the second dimension
will clearly have no effect. This model was the one assumed by Hannah et al. (1984) in
their nested non-parametric analysis of the smoking status data, pooled across cohorts,
for this sample. A version of the same model was also considered by Eaves and Eysenck
(1980) in a discussion of the determinants of age-of-onset of smoking, although not
applied in their analysis of smoking status. This model predicts that the co-twins of per-
sistent smokers are no more likely to be smokers than are the co-twins of ex-smokers.
The third model (1c), the combined model, derives from work on the scaling and
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genetic analysis of alcohol consumption patterns (Heath, Meyer, Eaves, & Martin,
1991; Heath, Meyer, Jardine, & Martin, 1991). This is a more general model which
includes both the two previous models as special cases. Like the ILD model, it postu-
lates the existence of separate Initiation and Persistence dimensions. It recognizes the
possibility that there are some genetic and environmental risk-factors which influence
both smoking initiation and smoking persistence (as assumed by the SLD model) and
that there are other genetic and environmental risk-factors which only influence smok-
ing persistence, and which do not influence initiation (as assumed by the ILD model).
Some individuals may become ex-smokers because of low levels of exposure to risk-
factors which also promote smoking initiation while others may become ex-smokers
because of low levels of exposure to risk-factors which influence smoking persistence,
but not smoking initiation. This combined model predicts that smokers will be more
common among the co-twins of persistent smokers than among the co-twins of ex-
smokers, but not as common as would be expected under the ILD model.

Model fitting analyses

We follow Eaves and Eysenck (1980; Eaves, Last, Young, & Martin, 1978) and
assume, in the case of the SLD model, a single underlying normal ““liability” distribu-
tion, which determines smoking status; and, in the case of the ILD and combined mod-
els, we assume independent normal Initiation and Persistence distributions (Heath,
1990). The joint distribution of twin pairs for these liability distributions is assumed to
be bivariate normal. Abrupt thresholds, whose values are to be determined by model-
fitting, subdivide the continuous distributions into discontinuous categories, corre-
sponding to the categories of Figure 1. Thus, in the case of the SLD model, we have four
thresholds for each sex, witht, = t; = —oo, t; = t; = 400, and the values of t,, t, (in
males) and t], t; (in females) are to be estimated. Male respondents whose liability value
lies between t, and t, will be current smokers; between t, and t, will be ex-smokers; and
between t, and t, will be non-smokers. Hence, the marginal probabilities y,, y, and y;,
are obtained by integrating the standardized normal distribution between the appro-
priate threshold values. In the case of the ILD and combined models, we must also esti-
mate a second set of threshold values, s, and s{, with s, = s§ = —coand s, = 55 =
+ oo, for the Persistence dimension: respondents who are smokers (ILD model) or cur-
rent smokers (combined model) on the Initiation dimension and have liability values
< s, will be current smokers; those with liability values > s, will be ex-smokers. Under
the combined model, the number of thresholds to be estimated for the first, Initiation
dimension will be the same as under the SLD model. Under the ILD model, there will
be two fewer thresholds, since we will have t, = t; = 40,

Under these assumptions we can compute, for the i-th zygosity group, for given
threshold values and twin correlation(s), the probability P(i,j,k) of observing a twin pair
in the j,k-th cell of the i-th two-way contingency table. Let Y(i,j,k) denote the uncon-
ditional probability of the twin pair falling in the j,k-th cell of the two-way contingency
table for smoking status (SLD model) or smoking Initiation (ILD, combined models).
Let X(i,j,k) denote the conditional probability of the twin pair falling on the j,k-th cell
of the two-way contingency table for smoking Persistence (ILD, combined models
only). For all models, we have:

Y(ij.k) = e(t,t) — 2(t-.t) — S(tpt-,) + (G- 1,t) (1

where ® is the bivariate normal distribution function with twin correlation r; for smok-
ing status (SLD model) or for Initiation (ILD, combined models). For the SLD model,
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P(i,j,k) = Y(i,j,k) for all i,j,k. For the combined and ILD models, we can obtain X(i,j,k)
in similar fashion, substituting s; for t,, r{ (the twin correlation for Persistence) for r;, and
X(i,j,k) for Y(i,j,k) in function (1) above. Expressions for deriving P(i,j,k) from the Xs
and Ys under the three models are summarized in Table 1.

The log-likelihood of a set of observations, under a given model with given threshold
values and twin correlations, is given by

L = In(c) + ZZZ f(i,,k) In P(i,j,k)

where c is a constant, and f(i,j,k) is the observed frequency of twin pairs from the i-th
twin group in the j,k-th cell of the observed contingency table. Maximum-likelihood
estimates of the model parameters are obtained by maximizing this function with
respect to the parameter values. The sampling covariance matrix of the parameter esti-
mates, from which standard errors may be obtained, can be derived as the inverse of
the Fisher Information matrix, whose m,n-th element will be (Tallis, 1962; Olsson,
1979):

_ N;  dP(i,j.k) dP(i,,k)
Inn = ??? P(ij,k) de, de,

where 0 is the vector of parameter estimates. The fit of a given model can be assessed
by the usual chi-square goodness-of-fit statistic,

C = ZZX(fli,k) — e(i,j.k))*/e(ij,k)

where e(i,j,k) is the expected frequency for the j,k-th cell of the i-th contingency table
under the model. The statistic C is approximately distributed as chi-square, with num-
ber of degrees of freedom equal to Z(n? — 1) — m, where n, is the number of response
categories of the i-th contingency table, and m is the number of model parameters esti-
mated. The goodness-of-fit of a more general model, and a submodel which fixes some
of the parameters of the general model, can also be compared by chi-square test. The
difference between the chi-square values obtained under the two models is itself distrib-
uted as chi-square, with numbers of degrees of freedom equal to the number of free
parameters in the more general model which have been fixed equal in the first model.

Table 1. Predicted probabilities P(j,k) under the single liability dimension (SLD), independent liability
dimensions (ILD), and combined models

Twin 2/Male twin

Twin 1/female

twin Model Current smoker Ex-smoker Non-smoker
Current smoker SLD Y, Y, Y3
ILD YuXn Y X Yo Xy +
Xi2)
Combined Y X YiuXin+ YiXi + Xin) Yis(Xy +
X12)
Ex-smoker SLD Y Yo, Y3
ILD Y11 X Y11 X2 Yi(Xa +
Xa1)
Combined Y1 Xa + Yau(Xa Y + Yu(Xpp + X)) + Yo + Yia(Xa
+ Xu) YiuXa + Yi(Xa + + X2)
X2)
Non-smoker SLD Y3, Y3, Y3
ILD Yau(Xy + Xy) Y2u(X2 + X)) Yo

Combined Ya(Xi + Xa) Y3 + Y3u(Xi2 + Xy) Y33
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Table 2. Expectations for correlations between twin pairs under a full genetic model

MZ female pairs VA; + EC;

MZ male pairs VA, + EC,

DZ female pairs %¥VAr+ EC;

DZ male pairs ¥VA, + EC,

Unlike-sex pairs WVARVAY'? + (ECLEC)'? 1.

VA, ECg; VA, EC,, denote additive genetic and shared environmental components of
variance in females, and in males, respectively; r. denotes the correlation between shared
environmental effects in male and female twins from unlike-sex pairs.

Comparison of genetic models

We can reparameterize the twin correlations of equation (1) in terms of genetic and
environmental parameters, and thus test a variety of genetic and non-genetic models.
For each liability dimension, we can decompose the total variance into components due
to additive gene action (VA), shared environment (EC) and non-shared environment
(ES). Non-additive genetic effects, such as dominance or epistasis, will tend to be
masked by shared environmental effects in twin data (Martin, Eaves, Kearsey, & Davis,
1978). For each liability dimension, we compared the fit of a simple additive genetic
model, under which twin resemblance is entirely due to the additive effects of genes; a
simple shared environment model, under which twin resemblance is entirely due to
shared environmental effects; a model which allowed for both genetic and shared envi-
ronmental contributions to twin pair resemblance (VA EC model); and a full model
which allowed for sex-differences in the magnitude of genetic and shared environmen-
tal variance components, and which allowed the correlation between shared environ-
mental components in unlike-sex pairs to take values less than unity. In the case of the
ILD and combined models, therefore, we fitted a total of sixteen models, testing every
combination of models for the Initiation and Persistence dimensions. Since we were
fitting models to correlations, implying a total variance of unity for each dimension,
values of the non-shared environmental components were obtained by subtracting the
sum of the additive genetic and shared environmental components from unity. Expec-
tations for twin correlations in terms of genetic and environmental parameters are sum-
marized in Table 2.

RESULTS

Table 3 gives the two-way contingency tables for smoking status, computed sepa-
rately for each twin group from each birth cohort. Also shown are the proportions of
non-smokers, ex-smokers and current sokers for first and second twins from each twin
group. In the young cohort, there is no consistent sex difference in the proportions of
non-smokers, ex-smokers and current smokers. The percentage of respondents who are
ex-smokers is somewhat small, implying that there will be relatively little power for
detecting genetic effects on smoking persistence in this cohort. In the older cohort, the
percentages of female respondents who are non-smokers, or ex-smokers, are not much
higher than was observed for the young cohort. The proportion of older males who are
current smokers is slightly lower than in the young cohort, but the proportion who are
ex-smokers is much higher.
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Table 3. Twin concordance for smoking status, as a function of zygosity and age cohorts. Proportions of
first or second twins who are non-smokers, ex-smokers, or current smokers are given in parentheses

Twin 2/Male Twin'
Young cohort Older cohort
Twin 1/female Non- Ex- Current Non- Ex- Current
twin' smoker smoker  smoker smoker smoker  smoker
MZ female pairs (n = 570) (n = 663)
Non-smoker 282 24 21 (57%) 348 726 35 (62%)
Ex-smoker 23 19 33 (13%) 37 45 29 (16%)
Current smoker 28 23 117 (30%) 40 30 73 (22%)
(58%) (12%) (30%) (64%) (15%) (21%)
MZ male pairs (n = 274) (n = 293)
Non-smoker 128 11 15 (56%) 93 29 16 (47%)
Ex-smoker 13 16 13 (15%) 24 54 17 (33%)
Current smoker 18 13 47 (29%) 12 18 30 (20%)
(58%) (15%) (27%) (44%) (35%) (22%)
DZ female pairs (n = 351) (n = 400)
Non-smoker 140 19 39 (56%) 170 27 47 (61%)
Ex-smoker 17 10 18 (13%) 37 23 17 (19%)
Current smoker 31 9 68 (31%) 31 17 31 (20%)
(53%) (11%) (36%) (60%) (16%) (24%)
DZ male pairs (n = 206) (n = 146)
Non-smoker 85 11 22 (57%) 36 11 12 (40%)
Ex-smoker 12 8 13 (16%) 11 20 14 (31%)
Current smoker 19 10 26 (27%) 8 16 18 (29%)
(56%) (14%) (30%) 38 %) (32%) (30%)
DZ unlike-sex pairs (n = 510) (n = 397)
Non-smoker 169 36 79 (56%) 98 84 66 (62%)
Ex-smoker 30 20 34 (18%) 22 21 19 (16%)
Current smoker 47 22 73 (28%) 14 28 45 (22%)
(48%)  (16%) (36%) (34%)  (33%) (33%)

'Female twin, male twin in the case of unlike-sex pairs.

Table 4 compares the results of fitting single liability dimension (SLD), independent
liability dimension (ILD), and combined models, estimating separate twin correlations
for each twin group. In the young cohort, both the SLD and the ILD models are clearly
rejected by the chi-square goodness-of-fit test. The combined model gives a good fit to
the data, and a substantially better fit than either reduced model. In the older cohort,
no model gives a good fit to the data. However, the SLD model gives a fit which is sub-
stantially worse than that of the combined model, whereas the ILD model does not give

a significantly worse fit (X3 =

Table 4. Results of fitting single liability dimension (SLD), independent liability
dimensions (ILD), and combined models, estimating a separate correlation for each

twin group
Young cohort Older cohort
Model d.f. X2 p d.f. x> p
SLD 31 57.61 0.003 31 94.22 <0.001
ILD 26 52.48 0.002 26 41.51 0.03
Combined 24 28.75 0.23 24 37.83 0.04

3.68, p = 0.16). Thusthe combined model gives the best
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fit to the data from the young cohort, but the independent liability dimensions model
gives the best fit to the older cohort data.

Figure 2 summarizes the marginal probabilities (Xs and Ys) estimated for each
cohort under the full combined model. In the older and young males, and the older
females, a relatively small proportion of ex-smokers arises from the Initiation dimen-
sion (27%, 26% and 12%, respectively). In the young females, however, some 55% of
ex-smokers appear to have quit because of their low liability on the Initiation dimen-
sion. It must be this group which is causing the combined model to give a significantly
better fit than the independent liability dimensions model in the young cohort.

Table 5 gives maximume-likelihood estimates of polychoric correlations for the Ini-
tiation and Persistence dimensions, and the standard errors of these correlations, for
the combined model (young cohort) and ILD model (older cohort). In the young

OLDER COHORT

Females Males
.36 .62 .62 .39
.02 .09
Current Ex-Smoker Non-smoker Current Ex-Smoker Non-Smoker
Smoker Smoker

.60 .40 1 1 .63 47 1 1

A

Current Ex-Smoker Non-Smoker Current Ex-Smoker Non-Smoker

Smoker Smoker
(a)

YOUNG COHORT

Females Males
.36 .67 .43 .63
.04
.07
Current Ex-Smoker Non-smoker Current Ex-Smoker Non-Smoker
Smoker Smoker

4

.84 1 1 .74

.16 26
Current Ex-Smoker Non-Smoker Current Ex-Smoker Non-Smoker
Smoker Smoker

Fig. 2. Estimated probabilities under full combined model.
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Table 5. Maximum likelihood estimates of polychoric correlations () and their standard errors (SE) under

best fitting model
Y oung cohort (Combined model) Older cohort (ILD model)
Initiation Persistence Initiation Persistence

r SE r SE r SE r SE
MZ female pairs 0.86 0.03 0.48 0.20 0.77 0.03 0.48 0.10
MZ male pairs 0.79 0.05 0.60 0.17 0.64 0.06 0.58 0.10
DZ female pairs 0.57 0.06 0.76 0.22 0.40 0.07 0.34 0.16
DZ male pairs 0.55 0.08 0.21 0.27 0.59 0.10 0.19 0.19

DZ unlike-sex pairs 0.38 0.06 0.35 0.24 0.26 0.08 0.27 0.15

cohort, the monozygotic correlations for Initiation are significantly higher than the
same-sex dizygotic correlations, implying an important genetic influence. For the Per-
sistence dimension, whilst the MZ male correlation is substantially greater than the DZ
male correlation, the MZ female correlation is actually lower than the DZ female cor-
relation. However, the standard errors of the estimated correlations are extremely large,
reflecting the relatively small proportion of ex-smokers in this age-group. The standard
errors of the female like-sex correlations are especially large, despite the larger number
of female than male like-sex twin pairs; this is a consequence of the relatively small
number of young female ex-smokers who arise from the Persistence dimension.

In the older cohort, the twin correlations indicate a substantial genetic effect on Ini-
tiation in older females, but a negligible genetic effect on Initiation in older males. The
older cohort polychoric correlations for the Persistence dimension have rather smaller
standard errors than was the case for the young cohort. The monozygotic correlations
for Persistence are higher, in both sexes, than the corresponding like-sex dizygotic cor-
relations, implying a genetic influence.

Table 6 compares the results of fitting different genetic or environmental submodels
for the Initiation and Persistence dimensions. Once again, for the young cohort we
report the results obtained under the combined model, whereas for the older cohort we
report results under the independent liability dimensions model.

For the young cohort, we find that there is no power for resolving genetic and non-
genetic models for the Persistence dimension. For a given initiation genetic model, nei-
ther the simple additive genetic (VA) model nor the simple shared environment (EC)
model for the Persistence dimension give significantly worse fits than the full model.
For the Initiation dimension, a simple EC model can be rejected. A simple VA model
gives an adequate fit to the data, and a VA EC model does not give a significant
improvement in fit, by likelihood-ratio chi-square test. However, the full model does
give a significant improvement in fit (X,, = 10.54, p = 0.03), indicating significant
genotype x sex interaction for the Initiation dimension.

For the older cohort, all models which do not allow for genotype x sex interaction for
the Initiation dimension are rejected by goodness-of-fit test. Among models which esti-
mate a full genetic model for Initiation, the model which specifies a simple additive
genetic model for the Persistence dimension gives an adequate fit to the data, and a fit
which is not significantly worse than that of the VA EC (X3 = 0.5, p = 0.82) or full
models (X2 = 0.92, p = 0.33). The simple EC model for the Persistence dimension, in
contrast, is rejected by goodness-of-fit test, and gives a significantly worse fit than the
VA EC model (X? = 3.95, p < 0.05). Thus for the older cohort we find that a model
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Table 6. Comparison of goodness-of-fit of genetic and environmental models

Chi-square goodness-of-fit tests

Young cohort (Combined
Genetic model' model) Older cohort (ILD model)

Initiation Persistence d.f. X2 D d.f. X’ D
Full model Full model 24 28.75 0.23 26 41.51 0.03
Full model VA 28 31.38 0.30 30 42.43 0.07
Full model EC 28 31.88 0.28 30 46.33 0.03
Full model VA EC 27 31.03 0.27 29 42.38 0.05
VA EC Full model 27 36.91! 0.10 29 51.21 0.007
VA EC VA 31 38.62 0.16 33 52.13 0.02
VA EC EC 31 39.13 0.15 33 56.02 0.007
VA EC VA EC 30 38.28 0.14 32 52.08 0.01
VA Full model 28 39.29 0.09 30 51.23 0.009
VA VA 32 41.68 0.12 34 52.15 0.02
VA EC 32 41.96 0.11 34 56.06 0.01
VA VA EC 31 41.23 0.10 33 52.10 0.02
EC Full model 28 98.67! < 0.001 30 92.38 < 0.001
EC VA 32 98.55 < 0.001 34 93.29 < 0.001
EC EC 32 100.37 < 0.001 34 97.21 < 0.001
EC VA EC 31 98.49 < 0.001 33 93.24 < 0.001

!indicates a parameter estimate has gone to a boundary.
'VA = additive genetic model; EC = shared environmental model; VA EC = additive genetic plus shared
environmental model for twin pair resemblance.

which specifies a full genetic model for the Initiation dimension, and the simple VA
model for the Persistence dimension, gives the best fit to the data.

Table 7 summarizes the variance components estimated under the best-fitting model
for each cohort. For the Initiation dimension, we report parameter estimates under a
full genetic model. For the older cohort, we report parameter estimates when a simple
VA model was fitted for Persistence. For the young cohort, we give estimates separately
for the cases where the VA model, and the EC model, were fitted for Persistence. Esti-

Table 7. Estimates of genetic and environmental variance components under best-fitting model

Young cohort
(Combined model)
Older cohort
VA model EC model (ILD model)
Smoking initiation
Additive genetic
males 48.7% 49.4% 11.3%
females 55.7% 56.3% 74.1%
Shared environment
males 30.7% 29.9% 53.2%
females 29.9% 29.4% 3.0%
Non-shared environment
males 20.6% 20.7% 35.5%
females 14.4% 14.3% 22.9%
Unlike-sex environmental correlation 0.16 0.16 0.47
Smoking persistence
Additive genetic 58.4% 52.6%

Shared environment — 48.8% —
Non-shared environment 41.6% 51.2% 47.4%
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mated variance components for the Initiation dimension change little according to
whether the VA or EC model was fitted for the Persistence dimension. For the young
cohort, we find that both shared environment and additive gene action are having an
important influence on Initiation. The correlation between shared environmental
effects in unlike-sex pairs is rather low (0.16), implying that many of these effects are
sex-specific. Non-shared environmental influences are accounting for 42-51% of the
variance in Persistence, but we cannot determine whether the remaining familial vari-
ance is attributable to shared environmental or additive genetic effects. For the older
cohort, we find an important influence of shared environment, but only a slight influ-
ence of genotype, on Initiation in males; but a major genetic influence, and rather
minor shared environmental influence, on Initiation in females. Genetic factors
account for a substantial proportion of the variance on the smoking Persistence
dimension.

DISCUSSION

For the older cohort of Australian twins, aged 31 years or greater at the time of the
1981 survey, we have found a significant and substantial genetic effect on smoking per-
sistence, accounting for 53% of the variance in liability. This genetic effect on persis-
tence appears to be unrelated to effects on smoking initiation, since the independent
liability dimensions model gave the best fit to the data. These findings support the report
of Hannah et al. (1984) of a higher MZ than DZ correlation for persistence, and provide
a justification for their use of a nested model. As noted elsewhere, in an analysis of the
determinants of age-of-onset of smoking (Heath, Meyer, & Martin, 1993), we have
found little evidence for a genetic effect on smoking initiation in males from this cohort,
despite finding substantial heritability of smoking initiation in females. This failure to
find genetic effects on smoking initiation in older males, together with the relative
absence of genetic effects on male alcohol consumption patterns in this older cohort
(Jardine & Martin, 1984), must be considered an unexplained anomaly. Speculative
explanations would be inappropriate until this cohort- or age-related difference is rep-
licated in other studies.

For the young cohort of Australian twins, aged 18-30 years at the time of the 1981
survey, the combined model gave a significantly better fit than both single liability
dimension and independent liability dimensions models. This implies that, in this
cohort, there are some genetic or environmental risk-factors which influence both
smoking initiation and smoking persistence; and others which influence only persis-
tence. For the Initiation dimension, we found substantial genetic influence, accounting
for between 49-56% of the variance in liability. Since, under the combined model, some
respondents are expected to be ex-smokers because of their low liability on the Initia-
tion dimension (55% of the young female ex-smokers, and 26% of the young male ex-
smokers), we can thus say that we also have some evidence for genetic effects on smok-
ing persistence in the young cohort. For the second Persistence dimension, however,
there was too little information in the young cohort to be able to resolve the relative
contributions of genetic and shared environmental factors.

Our findings for the Australian data-set, especially for the older cohort, are clearly
inconsistent with the findings of the Eaves and Eysenck (1980; Heath, 1990) analyses
of the London twin data. One possible explanation of the difference between these two
studies is that the samples differ in age structure. Compared to the Australian sample,
the English sample included younger respondents (ages 16+ years) and included a
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higher proportion of adolescents or young adults (Eaves & Eysenck, 1980; Eaves,
Eysenck, & Martin, 1989; Jardine, 1985). Results from the Eaves and Eysenck analyses
more closely parallel those for the young Australian cohort, in finding some genetic and
environmental risk-factors influencing both initiation and persistence of the smoking
habit. When a combined model was fitted to the London data, we found that a sizeable
proportion of respondents were ex-smokers because of their position on the Initiation
liability dimension (42.6% of male ex-smokers, and 72.7% of female ex-smokers:
Heath, 1990).

From the very limited data on the respondents’ smoking histories available in the
English and Australian twin studies, we cannot determine with certainty the explana-
tion for this apparently age-related difference in findings. It is, however, likely that
many of the “non-smokers” in each sample will have at least experimented with one or
more cigarettes. Since we are relying on retrospective data, it is possible that some of
the younger respondents may be reporting themselves as “ex-smokers” on the basis of
a brief period of experimentation which never progressed to regular smoking; while
those older respondents who never progressed beyond this stage, further removed in
time from the period of experimentation, would be more likely to report themselves as
non-smokers. If these assumptions are correct, then it is possible that genetic differences
in acute sensitivity to nicotine (Marks, Burch, & Collins, 1983) account for some of the
variance in the Initiation dimension. Individuals who are especially sensitive to the
adverse effects of nicotine would be less likely to progress beyond the stage of experi-
mentation, reporting themselves as non-smokers or, if young, as ex-smokers. Many of
those individuals who are genetically insensitive to the acute effects of nicotine would
progress to become regular smokers, and in these smokers new genetic factors, perhaps
influencing the degree to which nicotine dependence develops, would determine the
persistence of the smoking habit.
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