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Twin Concordance for a Binary Trait.
II. Nested Analysis of Ever-Smoking and Ex-Smoking Traits
and Unnested Analysis of a "Committed-Smoking" Trait

MURRAY C. HANNAH,1 JOHN L. HOPPER, AND JOHN D. MATHEWS

SUMMARY

Twin concordance rates for a binary trait can provide information about
causes of trait variation. However, if trait prevalence varies with age
(or birth cohort) or between the sexes, trait concordance rates will be
artificially inflated because of the matching within pairs of twins. Our
previous paper showed how to minimize the effects of such confounding
by using logistic regression to model trait prevalence as a function of
age and sex and that the binary correlation coefficient was useful as a
measure of concordance that can be adjusted for trait prevalence. This
method is extended here to allow for nested analyses and is applied to
the smoking habits of a sample of 3,807 pairs of adult twins. For mono-
zygotic (MZ) twins, the correlation coefficients for the binary trait of
"ever-smoking" (males: .50 ± .04; females: .60 + .02) were signif-
icantly greater than for dizygotic (DZ) twins (males: .37 + .05; females:
.31 + .04; unlike-sex pairs: .21 + .03). For "giving-up smoking,"
given that both twins were previously smokers, the correlations for MZ
twins (males: .37 + .07; females: .29 + .05) were also greater than
for DZ twins (males: .11 + .09; females: .26 + .08; unlike-sex pairs:
.13 + .06), although the difference was not statistically significant for
females.

Current smokers who had been smoking for at least 10 years were
arbitrarily defined as "committed-smokers." The binary trait of "com-
mitted-smoking" was more strongly correlated in MZ twins (males: .41
+ .06; females: .41 ± .04) than in DZ twins (males: .22 + .08; females:
.18 + .05; unlike-sex pairs: .16 + .05). These observations suggest
that as well as depending on socially determined environmental factors,
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smoking behavior is influenced by genetic factors and/or by environmental
factors unique to the MZ twin environment, which are of particular
importance as determinants of "committed-smoking." There is a need
for further research to investigate the personal characteristics of "com-
mitted-smokers" and to seek intervention strategies that are more suited
to the needs of individual smokers.

INTRODUCTION

Under the assumption of homogeneity of environment, concordance rates in
MZ and DZ twins can be used to indicate the relative importance of genetic and
environmental determinants of a binary trait. However, many traits are dependent
on variables such as age (or birth cohort) and sex, and this confounding can
interfere with the estimation of twin concordance rates. Logistic regression tech-
niques have been introduced to measure and to make adjustment for the effects
of these confounding variables while estimating concordance rates in twins [1].
Such models provide a useful descriptive summary of the data, facilitate detailed
statistical inference, and provide a basis for biological interpretation.
Our study extends these methods to an analysis of the smoking behavior of

adult twins. To deal with the problem posed by individuals who have been smokers
but have stopped, the model treats smoking status as a "nested" binary trait. All
individuals are classified as belonging to one of two mutually exclusive categories
depending on whether they have ever or never been a smoker, thereby defining
a "primary binary trait." "Ever-smokers" are then subclassified into one of two
mutually exclusive subcategories: "current" or "ex-smoker," defining a "secondary
binary trait."

This nested scheme is shown to provide a useful framework for the analysis
of smoking behavior in twins. Interpretation of these results is facilitated by an
additional analysis of the unnested binary trait of "committed-smoking," arbitrarily
defined as current smoking for a duration of at least 10 years.

MATERIALS AND METHODS

Statistical Model

Consider a nested binary trait measured on a single pair of twins. Let Xk be 1 if the
primary trait is present (ever-smoker) and 0 if it is absent (never-smoker) in twin k, k =
1, 2. Let the conditional random variable YkI(Xk = 1) be 1 if the secondary trait is present
(ex-smoker), 0 if it is absent (current-smoker), and undefined if Xk = 0, k = 1, 2.

Define irr = P{Xk = 1} and 7r2 = P{Yk = lIXk = 1}, k = 1, 2. For simplicity of
exposition, we have assumed that s, and it2 are the same for both twins. This is not a
necessary assumption and easily can be relaxed for the application of the model to unlike-
sex DZ pairs. The probabilities Pij (i, j = 1, 2, 3) of all possible outcomes may be
summarized in a 3 x 3 table (table 1).

Following [1], each Pij may be expressed in terms of s,, it2, and the within pair (binary)
correlation coefficients: pi for the primary trait and P2 for the secondary trait conditional
on Xi = 1 andX2 = 1. Let Ai = piai(l - ni), i = 1, 2. Then
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TABLE 1

PROBABILITIES FOR A NESTED BINARY TRAIT MEASURED ON A TWIN PAIR

TWIN 1

Xl= 1

TwIN 2 XI = O Ye = O Y. = 1

X2 = o P1l P12 P13 1-IrT
X = 1 Y2 = ° * P21 P22 P23 1Tl(1 -1T2)

Y2 = 1 ..... P31 P32 P33 IT llT2
1 - IT1 ITI(1 - 112) 1 1IX2 1

NOTE: Xk is 1 if the primary trait is present, and 0 otherwise, and Yk is 1 if the secondary trait is present, and
0 otherwise (conditional on Xk = 1), for twin k = 1, 2. 7r, is the prevalence of the primary trait, and rr2, the
prevalence of the secondary trait given the primary trait.

Pi1 = P{X1 = O,X2 = O} (1)

- (1 _ T1)2 + 81

P22 = P{Yl = O. Y2 = o0XI = 1, X2 = i}P{XI = 1, X2 = 1}
- [(1 - T2)2 + 82][1T2 + 81]

P23 = P32 = [1T2(1 -XT2) - 82[1T1 + 81]

P33 = 1T22 + 82][Tr12 + 81]

P12 = P21 = (1 - 'Tr2)[IT1( -Tr1) - 811
P13 = P31 = -rr2['rrl(l - rr1) -811

Note that P12 and P13 involve ITl, 1T2, and Pi, but not P2*
Tjl and IT2 may depend upon a vector of explanatory variables, z, such as age and sex

that can be modeled as logistic functions:

exp(ai' * zi)
= 1 + exp(ai' *z) ' (2)

where ai is a vector of constants, i = 1, 2. The log likelihood for a given parameter
vector (p, a) can be formed by simple summation over the log(Pij) values for the observed
data on each twin pair in the sample. With the aid of a suitable computer and maximization
routine (we have used MAXLIK; [2]), the parameter values that maximize the log likelihood
(that is, the maximum likelihood estimates or MLEs) may be calculated, and statistical
inference based on well-known asymptotic likelihood theory (see, e.g., [3]). For example,
the statistic

Z _ Pmz Pdz (3
{Var Amz + Var Pdz - Cov(Amz, Pdz)}(/2

(where "^" indicates MLEs, and variance-covariance estimates are derived from the observed
information matrix) is asymptotically normal in distribution and may be used to test the
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difference between correlation coefficients. Simulations [4] based on effectively 10,000
repetitions ofZ over each of a wide variety offI and p values gave 95% confidence intervals
for the actual type I error rate of (.049, .052) at the nominal .05 level and (.010, .012)
at the nominal .01 level, provided all expected cell counts (i.e., the expected number of
twin pairs in each of the outcome categories) were at least 18. Since the minimum observed
cell count is 21 (tables 2 and 4), equation (3) should provide a highly reliable test in the
present study.

Data

Data on smoking habits were obtained by a postal questionnaire sent to all twins on the
Australian National Health and Medical Research Council Twin Registry who were at'
least 18 years of age. The registry was established by voluntary recruitment of twins in
1976-1980; questionnaires were mailed between November 1980 and March 1982 and
completed and returned by both members of 3,807 pairs, representing a 64% pairwise
response rate. The data for each individual contains information on age, sex, zygosity,
smoking status, and general health and psychological factors. Diagnosis of zygosity was
given by self-report unless twins differed, in which case a recent photograph was sought
(see [5]).

Individuals were classified as "ever-smokers" or "never-smokers" according to their
answers to the questionnaire, and each "ever-smoker" was subclassified as a "current-
smoker" or an "ex-smoker." The data are summarized by smoking status, sex, and zygosity
in table 2.
To simplify the model, the initial analysis was restricted to the 2,901 like-sex twin

pairs. Although the total number of parameters in the model was thereby reduced by only
two (viz., the "ever-smoking" and "ex-smoking [given ever-smoking]" correlation coef-
ficients for unlike-sex DZ twins), this simplification enabled estimation to proceed in-
dependently for each sex, reducing the dimensionality of each likelihood surface by more
than one-half and, hence, greatly diminishing the amount of work time and space required
for computation. Correlation coefficients for DZ unlike-sex pairs were computed subse-
quently using the like-sex adjustments for age and sex.

ANALYSIS AND RESULTS

Plots of the proportion of ever-smokers against age are given in figure 1. For
males, the proportion rises progressively with age, whereas for females, it increases
sharply at age 18 and then falls gradually, indicating the presence of a strong
cohort effect. Figure 2 shows that the proportion of ex-smokers from among
ever-smokers increases progressively with age for each sex. These plots suggest

TABLE 2

SMOKING STATUS, SEX, AND ZYGOSITY OF 3,807 TwIN PAIRS

MALE FEMALE UNLIKE-SEX

MZ DZ MZ DZ DZ TOTAL

Both never smoked .............. 221 121 630 308 266 1,546
One never-One current ........... 58 60 124 147 206 595
One never-One ex-smoker ........ 80 46 110 102 172 510
Both current smokers ............ 74 43 190 99 116 522
One current-One ex-smoker ...... 59 53 114 61 105 392
Both ex-smokers ................ 74 29 65 33 41 242

Total ........................ 566 352 1,233 750 906 3,807
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FIG. 1.-The proportion of individuals who have ever-been smokers (ir) against age. Plottedpoints
represent the observed proportion in age groups of approximately 100 individuals against the mean
age of the group. The continuous curve is given by the fitted logistic model (table 3A) with age power
transformation (table C).

that age-adjustment terms should be incorporated into the model. Accordingly,
quadratic logistic models were used to adjust the frequencies of ever-smokers
for age and linear logistic models for the frequencies of ex-smokers. A Box-and-
Cox-type power transformation [6] of the age scale was incorporated to allow
for asymmetry of the "quadratic" effects and nonlinearity of "linear" effects on
the natural scale [1].

Table 3 presents the results of the nested analysis of smoking habits for male
and female like-sex and unlike-sex twin pairs; correlation coefficients and age-
adjustment parameters for the proportions of ever-smokers (primary trait) and
ex-smokers (secondary trait) were estimated concurrently.

In the analysis of smoking status the following were observed: (1) Both pro-
portions of ever-smokers and of ex-smokers among ever-smokers were highly
age dependent (figs. 1 and 2). The likelihood-ratio chi-square statistic (on 4
degrees of freedom) for all the age adjustment parameters (i.e., testing Ho:
al = a2 = PI = 0 and X = 1) is 63.3 for males and 94.0 for females; highly
significant in each case. (2) Both proportions of ever-smokers and of ex-smokers
among ever-smokers tended to be higher in males than in females (table 3 and
figs. 1 and 2). Taking into account the parameters 7ri, oti (i = 1, 2), IB, and X,
the likelihood-ratio test for a difference between the sexes gives X26 = 1 12.5 (P
< .001). (3) The estimates of within pair correlation for ever having been a
smoker were significantly higher among MZ than DZ pairs for both males and
females. Using estimates from table 3, the statistic (3) for testing differences
between MZ and DZ within pair correlations becomes Z = 2.03 (P = .02) for
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FIG. 2.-The proportion of individuals who have stopped smoking from among those who have
ever-been smokers (IT) against age. Plotted points represent the observed proportion in age groups
of approximately 100 individuals against the mean age of the group. The continuous curve is given
by the fitted logistic model (table 3B) with age power transformation (table 3C).

males, and Z = 6.89 (P < .001) for females (one-tailed tests). (4) Similarly, it
can be shown that the MZ correlation for ever-smoking was higher for females
than for males (P = .02, two-tailed test). (5) The estimated correlation for
giving-up smoking in pairs where both were smokers was higher for MZ than for
DZ pairs. The difference was significant for males (P = .0 1), but not for females
(P = .38, one-tailed tests). (6) The correlation for ever-smoking was lower for
unlike-sex DZ pairs than for like-sex DZ pairs (P < .03 males, P < .02 females).
No significant differences were found between correlations in DZ twins for giving-
up smoking.

Committed-Smokers
In view of the preceding results (see DISCUSSION), a new binary trait of "com-

mitted-smoking" was arbitrarily defined for current smokers who had been smoking
for at least 10 years. For analysis of this binary trait, the data were restricted to
individuals of at least 28 years of age in order to allow time for the trait to be
realized. The resulting smaller sample is summarized in table 4 according to
committed-smoking status, sex, and zygosity. Figure 3 shows the proportion of
committed-smokers against age for males and females. A simple (unnested) model
[1] was used to analyze these data, and parameter estimates for the saturated
model are given in table 5. The similarity between the sexes for this trait is
striking (fig. 3 and table 5). There are no significant differences between males
and females, whether this be measured on the parameter estimates individually
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using asymptotic normality of MLEs (table 5) or by the likelihood-ratio criterion
over the entire model; (X25 = 2.74).

Table 4 indicates a significant difference between male MZ and DZ twins in
the prevalence of committed-smoking (X2i = 10.4). This difference cannot be
explained easily in terms of differences in age distribution, which are not dissimilar
for the two groups (X2lo = 14.3, P - .2). The age-dependent prevalence rates
were modeled separately for male MZ and DZ twins, but the resulting increase

in log likelihood failed to indicate a significant improvement in fit (X23 = 5.6).
Indeed, most of the change in likelihood was accounted for by a difference in
the constant term (-zr) alone (X2l = 5.4, P = .02), giving f*m. = .16 and 7dz =

.25 (when allowing no zygosity difference for the ot's and a's). The properly
(age and zygosity) adjusted correlation coefficients for males are then p'mmz =

.414 + .060 and lmdz = .220 + .079 (significantly different, P < .05), altering
slightly the values reported in table 5, but leaving the inference essentially un-

changed.
For unlike-sex twins, the correlation coefficient for committed-smoking was

.16 + .05, a value comparable with those for the like-sex DZ twins (.22 .08
for males and .18 + .05 for females).

TABLE 3

NESTED MODEL PARAMETER ESTIMATES

MALES FEMALES

PARAMETER MLE* SEt MLE* SEt

A. Primary trait (ever-smoking)

MZ correlation ................ Pmz .500 .037 .600 .023
DZ correlation . pdz .374 .050 .312 .035
DZ unlike-sex correlation ... Pudz .126 .062 * ...

Constant term ................. rr, .372 .026 .405 .020
Linear-age coefficient .......... ot 1 0.884 0.347 1.077 0.479
Quadratic-age coefficient ....... PI - 0.185 0.156 - 1.255 0.812

B. Secondary trait (giving-up smoking) conditional on primary trait

MZ correlation . pmz .369 .068 .287 .054
DZ correlation ................ Pdz .110 .088 .258 .075
DZ unlike-sex correlation ... Pudz .126 .062 . . -
Constant term ............... r2 .313 .033 .250 .023
Linear-age coefficient ......... Ct.L2 0.842 0.337 0.934 0.312

C. Age-scale power transformation

A 0.190 0.438 -0.487 0.440

* Maximum likelihood estimate.
t Asymptotic standard error from observed inverse information matrix. In terms of equation (2), al' * =

K1 + atlt + p8,2 and a2' * Z2 = K2 + Ct2t, where t = {[(age in years - 10)/lO] - 1}/X is the scaled age, and
the constant term 7r, = eKi/(l + eKi) may be interpreted as the prevalence for 20-year-olds.
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TABLE 4

COMMITTED-SMOKING STATUS OF 1,788 TWIN PAIRS

MALES FEMALES UNLIKE-SEX

MZ DZ MZ DZ DZ TOTAL

Neither committed ..... 250 104 545 305 277 1,204
One committed.65 55 151 131 160 402
Both committed. 37 21 88 36 45 182

Total .352 180 784 472 482 1,788
Prevalence (%) ........ 19.7 26.9 20.9 21.5 25.9 21.4

DISCUSSION

Cigarette smoking has changed dramatically since World War I; it appears to
have been influenced by personal, social, and economic factors [7-9], which
have themselves changed with the passage of time. Consequently, in any cross-
sectional (prevalence) study of smoking behavior, the age and sex distribution
of ever-smoking and ex-smoking traits will depend on the differential effects of
social and economic factors acting on different birth cohorts. In a cross-sectional
analysis, the effects of birth cohort on trait prevalence are completely confounded
with the effects of age. With the methods of analysis used here, it is possible to
estimate the effects of age/cohort and to calculate a twin correlation for each
binary trait that is less subject to influence by these confounding factors.

Sample Selection

The wider validity of any generalized conclusions from this analysis must
depend on the extent to which the twin sample can be regarded as being repre-
sentative of the Australian population. The Australian National Health and Medical
Research Council Twin Registry was established by asking twins to volunteer
their names. Registered adult twins were asked to complete the postal questionnaire
also on a voluntary basis; this resulted in a pairwise response rate of 64%. Thus,
the questionnaire respondents were subject to a number of potential selective
biases, and it is unlikely that they represent a random sample of Australians of
the same age and sex distribution. In particular, it is possible that the questionnaire
respondents are somewhat less likely to have been ever-smokers, and more likely
to be ex-smokers, than the general Australian population; this may reflect the
underrepresentation of economically disadvantaged individuals among the re-
spondents.

Such a sampling bias, however, is unlikely to seriously invalidate the conclusions
from the study unless the sampling fraction depended on zygosity and on twin
concordance for smoking, as well as on smoking habits per se. In this connection,
there does appear to be a net zygosity difference in the proportions of male
committed-smokers (see RESULTS) that should alert us to the possibility of such
a selection bias. The observed difference could reflect an increased ascertainment
probability or relative response rate for male MZ concordant never- or ex-smokers.
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Nevertheless, even if this is so, there is little evidence of it greatly affecting
overall twin concordance.
An artifactual increase in the observed concordance for smoking habits in MZ

pairs of twins could occur without any manifest zygosity difference in smoking
prevalence if the positive selective bias for concordant pairs (both smokers or
both nonsmokers) were greater in magnitude for MZ pairs than for DZ pairs.
Although we cannot formally exclude such a possibility, we believe that it is a
simpler hypothesis to suppose that the observed zygosity differences in smoking
concordance are real rather than artifactual, and we note that similar zygosity
differences in smoking concordance have been reported in several other twin
studies [7, 10].

Advantages of the Statistical Model

The "nested" analysis of "ever-smoking" and "ex-smoking" traits appears
to be a useful innovation. If the nesting is ignored, and the two traits are analyzed
separately, information is lost because pairs discordant for the primary trait
would be excluded from the analysis of the secondary trait even though they
contribute information on its marginal distribution and, hence, indirectly, on
trait concordance. This additional information is of particular relevance in the
presence of explanatory variables that may affect the prevalence rate; the marginal
effect of a variable such as age (or cohort) is obviously of intrinsic interest, as
well as providing a means for estimation of an age-adjusted twin correlation.
A number of methods for the analysis of pedigree (including twin) data have

been proposed in the literature [7, 11-13] that depend heavily upon assumptions
of distribution, scale, or mode of gene action. In practice, these assumptions
may be difficult or impossible to test. As in our earlier paper [1], we have used
the binary correlation coefficient as the underlying measure of twin concordance.

it

0.5-

0.4- MALES

0.3-

0.2-

0.1 -

30 40 50 60 70 80

0.5-

0.4- FEMALES

0.3-

0.2-

0.1

30 40 50 60 70 80
AGE (YEARS)

FIG. 3.-The proportion of individuals who are committed-smokers (ir) against age. Plotted points
represent the observed proportion in age groups of approximately 100 individuals against the mean
age of the group. The continuous curve is given by the fitted logistic model (table 5).
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TABLE 5

ESTIMATES AND STANDARD ERRORS FOR COMMITTED-SMOKING MODEL

Parameter* MLE SE

Pmmz ............................ .434 .060
Pfmz ............................. .411 .040
Pmdz ............................. .210 .075
Pfdz ............................. .175 .050
Pudz ......................--..161 .048
Wm .............................. .185 .053
lTf ........................... ... .173 .035
cam .............................. 0.318 0.299
af .............................. 0.405 0.210
Pm .............................. - 0.071 0.053
rf.............................. - 0.103 0.038

NOTE: The age-transformation parameter was estimated as A = 1.010 +
0.894 for all the data (pooled over sex) and was subsequently taken to be
unity.

* Subscripts refer to sex and zygosity.

This parameterization is justified in terms of its descriptive value, its conceptual
simplicity, the ease of estimation of marginal distributions, and, heuristically,
in terms of the stability of the correlation coefficient after allowance has been
made for the confounding effect, on the marginal probability, of a covariate such
as age. Furthermore, it should be noted that parameterizations of this form can
be extended to allow for more explicit causal models, for the estimation of the
fixed (marginal) effects of measured causal variables, and for the estimation of
random effects of several causes, not explicitly measured, through a combination
of one or more correlation coefficients.

Interpretation of Results

The present results indicate that the MZ twin correlations are significantly
greater than DZ correlations for "ever-smoking" in both males and females and
for giving-up smoking in males but not in females. Furthermore, the prevalences
of ever-smoking, and of ex-smoking given previous smoking, are greater for
(older) males than for females. These observations could be explained by postulating
that past environmental pressures to smoke have been somewhat less effective
in females than in males; if the intrinsic predisposition to smoke were equal for
males and females, this would have led to a greater proportion of (highly) pre-
disposed individuals among (older) female ever-smokers than among male ever-
smokers. This, in turn, could explain why proportionally fewer females than
males appear to give up smoking. Furthermore, those females who do give up
smoking would tend to do so for reasons other than those that are attributable to
the effects of genetic factors or to factors in the sharedMZ twin (family) environment
that might influence the intrinsic predisposition to smoke.

It is also of particular interest to compare the age-specific proportion of ever-
smokers in males and females (fig. 1). For females, the maximum prevalence
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occurs around the age of 25, whereas the male prevalence approaches a maximum
in old age; this reflects the tendency for smoking to become more frequent in
later-born cohorts of women and contrasts with the slightly reduced prevalence
rates of ever-smoking in men born since World War II. These trends, in turn,
could reflect the relaxation of the environmental and social constraints on women
smoking and the effect of health-education programs in reducing smoking in
young men.
Although the DZ correlation for ever-smoking in unlike-sex pairs is less than

for like-sex pairs, it would be presumptuous to attribute this to differences in
gene expression between the sexes when the observed age and sex differences in
the marginal distribution (smoking prevalence) are more plausibly interpreted as
being due to interactions between sex and the changing social environment.
Rather, it seems likely that the lower correlation for unlike-sex DZ twins is due
to an interaction between sex and factors in the family environment.

Interpretation is simpler for the less volatile trait of "committed-smoking."
All within pair correlation coefficient estimates are significantly greater than
zero, indicating a significant family (or twin pair) effect that may be due to
genetic and/or shared environmental factors. The MZ correlation coefficients are
much less than unity, which implies a considerable role for individual nongenetic
factors in determining committed-smoking behavior. The difference between MZ
and DZ twin correlation estimates is highly significant for males (P < .01, one-
sided test) and for females (P < .001, one-sided test). Furthermore, for each
sex, the DZ correlation estimate is close to one-half the estimated value for MZ
pairs. Although this relationship between the MZ and DZ correlations has not
been given a precise parametric interpretation in terms of a particular genetic
model, these observations suggest that genetic predisposition plays an influential
role in determining committed-smoking status. The observed similarity between
unlike-sex and like-sex DZ correlation estimates is consistent with homogeneous
gene expression in both sexes.
These conclusions are in close agreement with those of Eysenck and Eaves [7]

in their analysis of "never," "used to," and "currently do" smoke as a quantitative
trait in liability. However, in both studies, it is formally impossible to exclude
the alternative, but less parsimonious, explanation that in MZ twins there is a
greater effect of shared environment for becoming a committed-smoker.
The details of the age dependence of the proportion of committed-smokers are

of particular interest. Although not significantly different for males and females,
the age effect itself is statistically significant for females (X22 = 18.70, P < .01)
but not for males (X22 = 3.42, P > .2). This is due not only to an apparently
stronger age dependence in females, as reflected by slightly larger parameter
estimates (table 7), but, more importantly, to a considerably larger sample size.
The quadratic age-dependence in the proportion of committed-smokers (fig.

3) could indicate that: (1) Some potential committed-smokers in younger age
groups did not commence smoking sufficiently early for the status of committed-
smoker to be realized. (2) In the older-age groups, there is a greater opportunity
for long-term smokers to have given up. (3) There is possibly a higher mortality
rate for committed-smokers in the older-age groups. (4) Individuals born about
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1940 (particularly females) are more likely to have become committed-smokers
because of social and economic values prevailing during their early-adult life.
These findings appear to have important implications for public health. First,

they are consistent with the common-sense conclusion that the probability of
becoming a smoker is influenced by social attitudes, peer-group influences, and
economic circumstances prevailing in the environment during adolescence and
early-adult life [8, 9, 14]. Second, after adjusting for these sex- and cohort-
dependent differences, the correlations for becoming a smoker are much higher
for MZ twins than for DZ twins; this finding is consistent with the notion that
the decision to start smoking is influenced by genetic factors. More importantly,
it seems that in the contemporary Australian environment, the state of "committed-
smoking" (i.e., having decided to start and then not to have given up after at
least 10 years of smoking) not only is influenced by (environmental) factors
particular to the individual but also behaves as a trait under considerable genetic
influence in both males and females. There is a growing body of evidence to
suggest that smoking behavior is associated with the personality dimensions
extraversion, neuroticism, and psychoticism [7, 15, 16]. It may be that "committed-
smokers," as a group, are characterized by genetically determined differences
in the rewards obtained from smoking or by genetically influenced differences
in personality dimensions [17] that make them less responsive to conventional
health-education programs. In either case, substantial individual variability in-
dicates the need for further research to investigate the personal characteristics
of "committed-smokers" and to seek intervention strategies that are more suited
to the characteristics of individual smokers.
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