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Abstract

In adults, the negative relationship between smoking and income is well established.
However divergent results have been reported on the impact of parental socioeconomic status
on adolescent smoking. In this study we investigate the extent to which misclassification
errors in self-reported smoking affects estimates of the impact of parental income on smoking
in adolescents aged 11-15 years old. We use the Household Survey for England (HSE) which
contains both a self-reported smoking component and an objective measure of smoking
obtained through cotinine assays. Smoking participation is modelled using self-reported
smoking and cotinine-validated smoking as binary dependent variables in two separate probit
models. We compare marginal effects of parental income (and other independent variables)
in both models. Our results suggest that self-reported smoking is misreported leading to
biased estimates of the effect of parental income on adolescent smoking. Income-related
inequality in smoking (the concentration index) is also underestimated when misclassification

errors vary across income quintiles.
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1. Introduction

Tobacco smoking is recognized as the single largest cause of preventable diseases and
deaths and is responsible for approximately 26 million years of life lost globally (Lopez,
2005). In England, an estimated 18% of deaths of adults aged 35 years and above were
attributable to smoking in 2009 (The NHS Information Centre, 2010). Adolescent smoking is
increasingly becoming an important target for health policies in developed countries because
a high proportion of long-term adult smokers initiate smoking as children or adolescents.
Over the past decade, the UK government has put great efforts into tackling smoking
amongst children and adolescents by implementing various anti-smoking policies including
the 2003/2004 ban of tobacco advertising and sponsorship in print, on billboards and on the
internet , and an increase in the minimum tobacco purchase age from 16 to 18 years as well
as a ban on smoking in public places in 2007 (Department of Health, 2010). One of the main
aims of the February 2010 White paper, A Smoke-free Future, was to ‘stop the inflow of
young people recruited as smokers’. This White paper set out targets to reduce smoking
initiation rates to 1% amongst 11-15-year-olds and to 8% among 16-17-year-olds by 2020.

The progress of anti-smoking policies as well as the impact of other determinants of
smoking is monitored using self-reported smoking data collected from national surveys.
However, high inconsistencies have been found in self-reported smoking by adolescents in
studies comparing self-reported smoking to objective biochemical indicators of smoking,
raising important questions about the validity of data (Craig and Mindell, 2008; Kandel et al.,
2006; Wagenknecht et al., 1992). In a discrete response model, misreporting smoking
behaviour has important consequences in empirical economic analyses when self-reported
smoking is used as a binary 0/1 dependent variable. A binary variable is misclassified when a
one is miscoded as zero or vice versa. Thus, when an adolescent fails to report their current
smoking status correctly, a positive response (one) is miscoded as a negative response (zero)
or vice versa. In linear models, under classical assumptions, measurement error in a
continuous dependent variable may result in less statistical precision in the estimation of the
coefficients but does not lead to biased estimates of coefficients (Hausman, 2001). On the
other hand, misclassification error in a binary 0/1 dependent variables will lead to biased and
inconsistent estimates of the coefficients in a maximum likelihood estimation approach
(Bound et al.,, 2001; Hausman et al., 1998). Therefore estimates of the impact of the
determinants of smoking initiation or participation as well as estimates of the impact of anti-

smoking policies are likely to be biased when based on self-reported data.



Inconsistencies in reporting smoking participation may also undermine studies
estimating inequalities in smoking between sub-groups of the population, if there are
systemic differences in the pattern of misreporting between the groups being compared. For
example, Bauman and Ennett (1994) showed that under-reporting of smoking by African
American adolescents accounted, in part, for the large racial difference typically seen in self-
reported smoking rates between whites and blacks. In terms of income-related inequalities in
smoking, if underestimation of smoking rates vary with parental income, estimates of the
effect of parental income on adolescent smoking as well as measures of income-related

inequality in smoking are likely to be biased.

Reducing inequalities in smoking has been an important policy target in most
developed countries because smoking is increasingly concentrated in adults with lower
education, lower income and lower socioeconomic status. In addition, long term smokers
who initiate smoking at an earlier age are more concentrated in individuals from lower
socioeconomic backgrounds. Reports on the impact of parental socioeconomic status on
adolescent smoking behaviours have often been mixed®. These studies use parental education,
social class or income as proxies for parental socioeconomic status. While some studies
conclude that higher parental socioeconomic status and income are negatively associated with
the probability of smoking initiation and participation amongst adolescents (Gruber and
Zinman, 2001; Soteriades and DiFranza, 2003; Tyas and Pederson, 1998), others have
reported a higher probability to smoke in high school seniors with more educated parents
(Gruber and Zinman, 2001). Other studies fail to observe any association between parental
income and smoking prevalence amongst adolescents (Blow et al., 2005). Blow et al. (2005)
used the British Household Panel Survey (BHPS) and the British Youth Survey to evaluate
the association between adolescent smoking and parental income. After controlling for
parental education and adult smoking status, no significant association was observed between
parental income and smoking participation in adolescents aged between 11 and 18 years
(Blow et al., 2005).

Although the inconsistent results reported may, in part, be attributed to contextual
differences in samples used or to differences in the measure of parental socioeconomic status,
variations in the extent of misclassification of smoking status in different datasets may also

account for the failure to produce significant and consistent estimates of the impact of

' Tyas and Pederson, 1998 provides an extensive review of the literature



parental socioeconomic status on adolescent smoking. These studies typically use a binary
0/1 measure of smoking participation as the dependent variable. Hausman et al. (1998)
showed, using Monte Carlo simulations®, that misclassification of a binary dependent
variable by as little as 2% can result in significant levels of bias in coefficients estimated

from a probit model.

The consequences of misclassification errors have been widely reported in applied
economics, labour economics (Falaris, 2011; Hausman et al., 1998), epidemiology (Hofler,
2005; Magder and Hughes, 1997) and insurance (Artis et al., 2002). However, very little
attention has been paid to the consequences of misclassification error in smoking
participation models in health economics research. To the best of our knowledge, only one
study has investigated how misclassification errors in self-reported smoking affect estimates
of the impact of cigarette price changes on smoking participation (Kenkel et al., 2004).
Kenkel et al. (2004) showed that, in a probit model, estimates of the effect of cigarette prices

on smoking participation are biased when smoking participation is misclassified.

In this study, we make an important contribution to the literature by investigating the
extent to which misclassification errors in smoking participation models bias estimates of the
impact of parental socioeconomic status (parental income) on the probability of smoking
participation in adolescents aged 11-15 years. In addition we investigate if there are income-
related differences in self-reported smoking behaviour amongst adolescents and how this
affects measurements of income-related inequality in smoking. We pool data from the 1997-
2008 Health Survey for England, using annual household income as a proxy for parental
socioeconomic status. The HSE contains both self-reported smoking and an objective
measure of smoking obtained from cotinine assays, allowing for a direct comparison of
estimates of the effects of parental income in a self-reported smoking and a cotinine-validated

smoking participation model.

Epidemiological studies using objective measures of smoking to validate self-reported
smoking behaviour have shown that age, ethnicity, frequency of exposure to other smokers
and smoking status of parents and friends are correlated with misreporting smoking
behaviour amongst adolescents (Griesler et al., 2008; Kandel et al., 2006). Younger
adolescents are more likely to under-report smoking while those who perceive their friends to

be smokers are less likely to under-report smoking (Griesler et al., 2008; Kandel et al., 2006).

2 A sample size of 5000 was used for each simulation (Hausman et al. 1998)



African Americans are more likely to under-report smoking compared to whites (Bauman and
Ennett, 1994; Griesler et al., 2008; Kandel et al., 2006). Therefore we examine the extent to
which parental income as well as other observed characteristics predict under-reporting of
smoking participation amongst adolescents. Although adolescents are also prone to over-
report their smoking behaviour, we focus on under-reporting for two main reasons. First,
smoking is generally considered to be socially undesirable. Therefore, adolescent non-
smokers are more likely to report truthfully whereas adolescent smokers are likely to be
untruthful. Second, we use data collected from a household survey and household surveys
have been shown to produce lower estimates of adolescent smoking rates in comparison to
school-based surveys (Craig and Mindell, 2008; Griesler et al., 2008). This suggest that

under-reporting of smoking behaviour is likely to be more prevalent in household surveys.

The rest of the paper is organised as follows: In section 2 we describe the model of
smoking participation with misclassification to quantify the extent to which coefficients (and
marginal effects) in a probit model are biased as a result of misclassification error. In
addition, a description of the HSE and the variables used in the study are detailed in section
2. The results are presented and discussed in section 3 and concluding comments are
provided in the section 4.

2. Method

2.1 Model of Smoking Participation with Misclassification

Traditional economic models of smoking behaviour are based on the economic theory
of demand such that the tobacco demand equation is derived from a utility maximization
process in which an individual maximizes his/her utility subject to a budget constraint which
may comprise both economic and social factors. Behavioural models have evolved to
incorporate important dimensions that reflect decision-making unique to children and
adolescents. For example, in addition to economic factors such as tobacco price and other
anti-tobacco policies, social factors may influence the decision-making process of
adolescents. These social factors interact to create an environment which may either reduce

the perceived costs of smoking or increase the perceived benefits®.

* A detailed discussion is provided by O'donoghue & Rabin, 2001



Empirical studies typically model the determinants of smoking participation using a
binary 0/1 dependent variable of self-reported smoking. The extent of misclassification error
in a non-linear model for smoking participation can be shown using the framework of
Hausman et al. (1998). The tobacco demand equation can be expressed as a latent variable

model:

Y*=XB + ¢ (D
where Y is a latent variable and is a linear function of a vector of covariates X and an error
term, &, which is independent and identically distributed (i.i.d).
An adolescent decides to smoke when the net benefits of smoking (for example, social
acceptability amongst peers) outweighs the costs. In this study we observe cotinine-validated

YV which

smoking behaviour as the true smoking behaviour. We define a binary variable,
equals one when saliva cotinine level are 12ng/ml or over and zero otherwise. Saliva cotinine
levels greater than or equal to 12ng/ml have been shown to be indicative of active smoking in

adolescents (Jarvis et al., 2008).

1if Y"=0
YOV = (2)
0 otherwise

In addition, we observe self-reported smoking behaviour, YR, which is equal to one when an
adolescent reports smoking and zero otherwise. When self-reported smoking is misreported,
Y*® is misclassified. Two misclassification probabilities, p01 and p10 can be identified: the
probability that a zero is misclassified as a one (equation 3) and the probability that a one is

misclassified as a zero (equation 4), respectively:

p01 = Pr(YSF = 1|y = 0) (3)

p10 = Pr(YSE = 0|yCV =1) (4)

The model of misclassification assumes that misclassification probabilities pO1 and p10 are
only dependent on the value of YV but are independent of X ( Hausman et al., 1998).
The expected values of cotinine-validated smoking participation (Y¢") and the self-

reported smoking participation (Y*%) can be written as:



E(Y|X) =Pr(YV = 1|X) = F(XB) (5)
E(YSR|X) = Pr(YSR = 1|X) = p01 + (1 — p01 — p10)F(XB) (6)*

where F is the cumulative distribution for a probit model.

When Y*R is measured without error, p01 and p10 are equal to zero and Pr (Y} =1| X)
= Pr (Y®Y =1] X) =F(Xp). However when misclassification errors are present, equation (6)
suggests that coefficient estimates (B) are biased towards zero. Similarly, the marginal effects
of each independent variable will be biased towards zero. The downwards bias in marginal
effects can be seen by estimating the partial derivative of equation 6 with respect to any
independent variable:

dPr (YSR = 1]X)
= (1= p01=p10) FXPR ()

Where j is any independent variable

For example if j is parental income and self-reported smoking (YSR) iS misreported,
then the marginal effect of parental income will be understated by a value ‘w’, where w = 1-
p01- p10. Since the misclassification probabilities p01 and p10 are assumed to be constant
across observed characteristics, it is expected that the marginal effect of each covariate will
be biased by a constant value, w. In this study, the probability that a zero is misclassified as a
one (p01) is approximately 0.02 and the probability that a one is misclassified as a zero is
approximately 0.51. This implies that the marginal effects (and coefficients) of observable
characteristics in the self-reported smoking participation model will be underestimated by
approximately 53% (p01+p10=0.53). We investigate the assumption that p01 and pl10 are
independent of the observed characteristics using two separate bivariate probit models
(equations 8 and 9).

p01 = Pr(YSR = 1|y = 0,X) (8)

p10 = Pr(YSR = 0|y®V = 1,X) (9)

“See Appendix for proof



Self-reported and cotinine-validated smoking participation are modelled separately as
a function of a set of observed characteristics in two separate probit models to estimate the
impact of parental income on smoking participation. Following the approach of Blow et al.
(2005), only adolescent characteristics (age, gender and ethnicity) are controlled for in a basic
model. The basic model is then extended by first including household characteristics and
then, other observed parental characteristics which are likely to be correlated with parental

income.
2.2. Data Description and Variables

This study uses the HSE and pools data from 1997 to 2008. The HSE is a series of
annual cross-sectional surveys designed to include adults and children living in a
representative sample of households in England. Every year a nationally representative
sample of households is drawn from the Postcode Address file and all adults over the age of
16 years and a random selection of two children aged between 0-15 years living within
selected households are interviewed.® Each year, the survey includes a set of core health and
lifestyle topics including smoking, drinking, and general health. Objective measures of health
including saliva specimens for cotinine assay were collected in a nurse visit approximately

one week after the first interview.

Self-reported smoking behaviour

Data on smoking participation was collected for all individuals aged 8 and above,
using self-completed questionnaires. In this study, current smoking status of children aged
11-15 years was obtained from replies to two questions. First, ‘Now read all the following
sentences carefully and tick the box next to the one which best describes you: (1) | have
never smoked; (2) | have only smoked once or twice; (3) I used to smoke sometimes, but |
never smoke a cigarette now; (4) I sometimes smoke, but I don’t smoke every week; (5) I
smoke between one and six cigarettes a week and (6) | smoke more than six cigarettes a
week. Second, ‘Did you smoke any cigarettes last week?’ Those who chose options 4, 5 or 6
in the first questions are classified as current smokers and those who chose options 1, 2, or 3
as non-smokers provided they did not answer ‘yes’ to the second question. Adolescents who

chose options 1, 2 or 3 in the first question and answered ‘yes’ to the second questions were

> A full description of the survey design can be found in Prescott-Clarke, 1998.



classified as current smokers®. We define a binary variable of self-reported smoking as one

for current smokers and zero for non-smokers.

Objective indicator of smoking

In all years except in 2000, saliva specimens were collected for cotinine assay in a
nurse visit one week after the self-reported questionnaires were completed. Cotinine assays
were performed using gas chromatography which can detect cotinine levels as low as
0.1ng/ml. Cotinine is a metabolite of nicotine and has a half-life of about 16-20 hours. It can
be detected in saliva specimens of regular smokers and occasional smokers if smoking
occurred a few days prior to the collection of the specimen. Cotinine is generally accepted as
a quantitative indicator of tobacco intake with very high specificity (percentage of non-
smokers classified as non-smokers) and sensitivity (percentage of smokers classified as
smokers) (Benowitz, 1996; Jarvis et al., 2008). Despite its objectivity, in adolescents, saliva
cotinine levels may be subject to the extent of exposure to second-hand smoke. However
recent studies have now shown that a cut-point of 12ng/ml will detect active smoking with
sensitivity of 95.8% in children aged 8-15 years (Jarvis et al., 2008). In this study we define
cotinine-validated smokers as those with cotinine levels greater than or equal to 12ng/ml.
However, because the cut-point may vary widely between 8-18ng/ml in non-smokers
depending on the extent of exposure to second-hand smoke (Jarvis et al., 2008), we use a

cut-point of 18ng/ml in a sensitivity analysis.

Socioeconomic measure and other variables

Equivalised annual household income is used as a proxy for parental socioeconomic
status in this study. From 1997 onwards, the HSE collected data on annual household income
using cards displaying 31 income bands ranging from less than £520 to greater than £150,000
per annum. These cards were completed by the household reference person or their partner.
They were asked to estimate the total annual household income including their own income,
the income of their partners and any other persons living within the household. Equivalised
income was calculated using the McClements scoring system (McClements, 1977) to account
for the number of persons in the household including children.

This study makes use of a wide range of demographic and socioeconomic information

available in the HSE. These include demographic characteristics of adolescents: age at the

® Less than 1% of those who chose options 1,2 or 3 in the first question answered ‘yes’ to the second
guestion



time of the interview (11-15 years), gender (male/female) and ethnicity (white/non-white);
household characteristics: home ownership, household location (rural/suburban/urban) and
social class of the household responsible person. Social class was assigned using the
Registrars General’s Social Class (RGSC) classification system. Characteristics of parents
controlled for include: fathers and mothers highest academic qualification, occupation,
marital status and current smoking status. These were obtained by linking parents’ responses
in the individual questionnaires to each adolescent. Current smoking status of parents was
obtained from a positive response to the question: ‘Do you smoke cigarettes at all
nowadays?’

Finally, ‘non-smoke-free’ households were identified using the response to the question
completed by the household reference person: ‘Does anyone smoke inside this house/flat on
most days?’ Interviewers were explicitly asked to code as ‘no’ if smoking by any household
member was reported, but occurred outside the home and to code as ‘yes’ if non-household
members smoked within the home. Non-smoke-free homes were defined by a binary variable
which equals one if respondent answered ‘yes’ and zero otherwise. Table 1 gives a
description of all the variables.

The final sample consists of 7421 observations. This includes all adolescents who had
valid cotinine results and complete information on household income and demographic
characteristics. Data from 1999, 2000 and 2004 were excluded because in 2000 saliva
specimens were not collected and in 1999 and 2004, saliva specimens were collected from
adolescents within ethnic minority groups only. For adolescents who had missing information
on parents, we include dummy variables to account for the missing parent. A distinction was
made between those for whom parental information was missing because they were from a
single parent household and those from a two-parent household but where one parent’s

information was missing because that parent was absent during the interview.

Table 2 shows a descriptive summary of the characteristics of adolescents in the full
sample and by income quintiles. In the full sample (Table 2, column 1), the proportion of
self-reported smokers (6.4%) is approximately 3 percentage points less than the proportion of
cotinine-validated smokers (9.3%). Interestingly, the underestimation of the proportion of
self-reported smokers in the full sample varies greatly across income quintiles (Fig. 1). The
largest difference between the proportions of cotinine-validated and self-reported smokers is
observed at the bottom end (first quintile) of the income distribution with a difference of

approximately 7 percentage points in comparison to a difference of 1 percentage point in the
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highest (fifth) income quintile. Overall, both self-reported and cotinine-validated smoking

follows an income gradient with smoking rates highest amongst the poorest.

Subjective and Objective smoking status
by Parental Income Quintiles (All Years)

First Second Third Fourth Fifth

B Cotinine>12ng/ml I Sclf-reported

Fig. 1 Self-reported and cotinine-validated smoking by parental income quintiles

The distribution of cotinine by self-reported smoking behaviour (Figs. 2a and 2b)
shows further evidence of discrepancies in self-reported smoking. For example, very high
levels of cotinine were detected in the saliva sample of a proportion of those who reported to
have ‘not smoked last week’ (Fig. 2a) or in those who reported ‘to have smoked sometimes
before but never smoke now’ (Fig. 2b). On the other hand, in a proportion of those who
reported to ‘smoke sometimes, but not every week’ (Fig. 2b) or to have ‘smoked last week’
(Fig. 2a), we observe low levels of cotinine not indicative of active smoking (cotinine: 0 to <
12ng/ml). This discrepancy could occur if a non-smoker reports smoking or if an occasional
smoker smoked many days before providing a saliva sample. This may result in a failure of

the assay to detect cotinine levels indicative of active smoking.
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3. Results and Discussion

The results (marginal effects) of the bivariate probit models estimating the effect of
observable characteristics on the misclassification probabilities are presented in Table 3. The
probability of over-reporting smoking participation (p01 = Pr(Y*R = 1|YCV =0,X)) is
significantly lower in adolescents whose parents own a house, in adolescents whose parents
are married and in adolescents whose fathers are not in paid employment but look after the
home. In addition, adolescents living in homes within which smoking is permitted are
significantly more likely to over-reporting smoking participation. On the other hand, the
probability of under-reporting smoking participation (p10 = Pr(YsR = 0|YCV =1,X)) is
higher in adolescents whose parents own a house and in those with fathers who are not in
employment but look after the home/family. The probability of under-reporting smoking
participation (p10) is lower in adolescents with fathers possessing an NVQ2 or GCE O level
qualification (in comparison to those whose fathers possess a degree or equivalent) and in
those whose mothers are in full time education or on a government training scheme (in
comparison to those with mothers in paid employment). Put differently, adolescents whose
parents own a home and whose fathers look after the home/family are more likely to under-
report smoking participation and less likely to over-report smoking participation. This
suggests that adolescents from higher socioeconomic backgrounds may be less willing to
disclose their true smoking behaviour, perhaps due to the perceived undesirability of their

behaviour within the household.

Finally, the misclassification probability p01 is significantly lower in 2006-2008,
whereas p10 is higher within the same period in comparison to 1997-2001. Other observed
characteristics modelled do not predict misclassification errors and the assumption that
misclassification probabilities are independent on observed characteristics appears to be true

for these covariates.

Results of the cotinine-validated and self-reported smoking participation models are
presented in Table 4a and 4b. The results (marginal effects) are interpreted as estimates of the
association between observable characteristics and the probability of smoking and do not
reflect causality between observable characteristics and adolescent smoking. After controlling
for adolescents’ characteristics alone, a negative association is observed between parental
income and the probability of smoking in both the cotinine-validated and self-reported

smoking participation models (columns 1-4, Table 4a). An increase in parental income is
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associated with a decrease in the probability of being a smoker. This income effect is
statistically significant in both models, but the size of the income effect in the self-reported
smoking model is approximately 50% less than that of the cotinine-validated smoking model.
This is close to the estimation of the downward bias (53%) introduced by misclassification
error in self-reported smoking. A 1% increase in parental income is associated with a
decrease in the probability of being a cotinine-validated smoker by approximately 4
percentage points, but by approximately 2 percentage points in the self-reported smoking
model.

With regards to other covariates, age is positively associated with the probability of
being a smoker in both models. However, while an increase in age results in an increase in
the probability of being a cotinine-validated smoker by approximately 15 percentage points,
the probability of being a self-reported smoker increases by approximately 7 percentage
points. Being white significantly increases the probability of being a smoker by
approximately 3 percentage points in the cotinine-validated smoking model but by

approximately 2 percentage points in the self-reported smoking model.

When the model is extended to include household characteristics, we observe a
reduction in the estimated size of the association between cotinine-validated or self-reported
smoking and parental income (columns 5-8, Table 4a). After controlling for home
ownership, social class of the head of the household and smoking within the home, the
association between income and the probability of being a cotinine-validated smoker remains
negative and statistically significant while the effect of parental income on the probability of
being a self-reported smoker becomes insignificant. We observe a similar effect when we
consider another important socio-economic variable, the social class of the head of the
household. The probability of being a cotinine-validated smoker increases by approximately
3 percentage points when an adolescent lives in lower social class household (versus living in
a higher social class household). This effect is not significant in the self-reported smoking
model. In addition, the effect of ethnicity and age remain significant in the cotinine-validated
smoking model but become insignificant in the self-reported smoking model after controlling
for household characteristics. In both models, smoking within the home significantly
increases the probability of being a cotinine-validated and a self-reported smoker, but, again
this effect is underestimated in the self-reported smoking model.

14



After controlling for the full set of observed characteristics of parents including
variables which are likely to be correlated with income such as education and employment
status, the association between parental income and cotinine-validated smoking remains
negative and significant’ (Table 4b). On the other hand, the parental income effect in the self-
reported smoking model is insignificant (Table 4b). This result is similar to those reported by
Blow et al., 2005 using the BHPS. After controlling for parental education and smoking, the
observed association between parental income and self-reported smoking disappears (Blow et
al., 2005). With respect to other parental characteristics, we observe no association between
mother’s education and cotinine-validated or self-reported smoking. Adolescents whose
fathers have a higher education but below a degree (compared to fathers with a degree or
equivalent) are significantly more likely to be cotinine-validated smokers but not self-
reported smokers.

For some covariates measured with statistical precision in the self-reported smoking
participation model, estimates of the marginal effects are not always 50% less than estimates
of marginal effects in the cotinine-validated smoking participation model. This may be
because the misclassification probabilities are not independent of these covariates. For
example, the misclassification probabilities p01 and pl0 are dependent on parental home
ownership (Table 3) and the size of the marginal effect of parental home ownership in the
self-reported smoking model is approximately equal to the marginal effect in the cotinine-

validated smoking model (Table 4b).

Sensitivity tests

The robustness of the results is tested using a higher cut-point (18ng/ml) for defining
cotinine-validated smokers. In adolescents, it has been suggested that very high exposure to

second-hand smoke could result in saliva cotinine levels as high as 18ng/ml in non-smokers

’ This result remained robust to the functional form of parental income used. After controlling for the
full set of covariates, the probability of being a cotinine-validated smoker increases by approximately
4 percentage points (t-stats=2.7) for the first (lowest) income quintile and approximately 2 percentage
points (t-stats=1.79) for the second income quintile in comparison to adolescents from the fifth
(highest) income quintile. On the other hand, in the self-reported smoking model, the size of the
marginal effects of the income quintiles are less than those observed in the cotinine-validated smoking

model and statistically insignificant.
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(Jarvis et al., 2008). Therefore a cut-point of 12ng/ml may misclassify non-smokers as

smokers if they are exposed to high levels of second-hand smoke.

The results are robust to the cut-point for defining cotinine-validated smokers. Using
a cut-point of 18ng/ml, we observe similar results to those obtained with a cut-point of
12ng/ml (last two columns, Table 4b). The marginal effects of all covariates as well as the t-
statistics obtained using a cut-point of 12ng/ml are similar to those obtained using a cut-point
of 18ng/ml. For example, a 1% increase in parental income significantly reduces the
probability of being a cotinine-validated smoker by approximately 1 percentage point using a
cut-point of either 12ng/ml or 18ng/ml; being white increases the probability of being a
cotinine-validated smoker by approximately 2 percentage points in both cases; an increase in
age is positively associated with an increase in the probability of being a cotinine-validated
smoker by approximately 13 and 12 percentage points using a cut point of 12ng/ml and
18ng/ml respectively. These results are unsurprising given that the proportion of adolescents
classified as cotinine-validated smokers using a cut-point of 12ng/ml and 18ng/ml do not
differ markedly (9.26 and 8.63 percent respectively; table 2 first column). This implies that
less than 1% of adolescents classified as smokers by a cotinine cut-point of 12ng/ml are
classified as non-smokers by a cut-point of 18ng/ml.

Determinants of under-reporting of smoking participation

Several factors may explain why adolescents misreport their smoking behaviour
(Dolcini et al., 1996). Fear of disclosure and the perceived social undesirability of smoking
may result in adolescents under-reporting their true smoking behaviour. Being interviewed by
the same interviewer who interviewed a parent is significantly correlated with under-
reporting of smoking participation in adolescents (Griesler et al., 2008; Kandel et al., 2006).
Higher smoking rates have been observed when anonymous questionnaires are administered
in comparison to named questionnaires (Adams et al., 2008). Exit questionnaires completed
by adolescents participating in a six months intervention study aimed at reducing the
prevalence of smoking showed that approximately 4% of adolescents admitted to have
consistently misreported their smoking status during the intervention study (Stein et al.,
2002). Of these, approximately 25% were worried the information they give in the study will
be relayed back to their parents (Stein et al., 2002). In other studies on substance-abuse,
adolescents admit to denying the use of substances to their physicians when their parents are

present (Friedman et al., 1990).
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Parental smoking or living with other smokers may be associated with misreporting
smoking behaviour. For example, in the 2008 Smoking, Drinking and Drug Use Survey,
adolescents who smoked openly (i.e. those whose families were aware of their smoking
behaviour) were less likely to perceive that their families would disapproved of their smoking
in comparison to secret smokers (Fuller, 2009). In households where no other household
member smoked, approximately 40% of adolescent smokers were open smokers while 60%
were secret smokers. On the other hand, in households where three or more household
members were smokers, as high as 71% were open smokers (Fuller, 2009). This suggests
that adolescents living in households where other members smoke may be less likely to
under-report their smoking. In adults, smoking has been shown to follow a socioeconomic
gradient, with smoking concentrated more in adults from lower socioeconomic backgrounds.
Taken together, it can be expected that adolescents from higher socioeconomic backgrounds
may have a greater motivation not to disclose their true smoking behaviour due to the

perceived undesirability of their behaviour.

The setting in which data on smoking is collected is also important. The HSE
consistently produces lower estimates of smoking rates in comparison to the Smoking
Drinking and Drugs Use Survey, a school-based survey (Craig and Mindell, 2008). In the
United States, a study comparing self-reported smoking status in a sample of adolescents
within a school and household setting showed that approximately 9-20% of the same
adolescents who had reported smoking in the last 12 months in the school-based survey
reported never tried smoking in the household counterpart (Griesler et al., 2008).

Due to the sporadic and experimental nature of adolescent smoking, poor recall may
result in an unintentional misreporting of smoking behaviour. For example, in the 2008
Smoking Drinking and Drugs Use Survey, 65% of those who reported usually smoking up to
six cigarettes a week in the interviews had diary records of smoking more than seven
cigarettes in the previous week. Similarly, 46% of those who reported smoking sometimes
but less than once a week, had diary entries suggesting they had smoked at least one cigarette

in the previous week (Fuller, 2009).

We investigate the association between observable characteristics and the probability
to under-report smoking behaviour using a subsample consisting of only cotinine-validated
smokers (N=694). A binary variable YY®, was generated which equals one if a cotinine-

validated smoker reports being a non-smoker and zero otherwise. We estimate the probability

17



that YUR equals one conditional on a set of covariates, Pr (Y'R =1|X), using maximum
likelihood estimation approach. We do not consider those who, despite reporting being
smokers, had cotinine levels less than 12ng/ml. This form of discrepancy (over-reporting) is
less common and in our sample the probability of over-reporting smoking is approximately
0.02 while the probability of under-reporting smoking in approximately 0.51.

Table 2 (last column) shows a summary of the characteristics of the sub-sample of
cotinine-validated smokers. On average, in comparison to the full sample, the sub-sample
consists of adolescents from a lower socioeconomic family background. For example,
approximately 36% of those in the sub-sample (versus 22% in the full sample) live in
household where the household head is from the lowest social class. Average household
income is lower in the sub- sample compared to the full sample (£15,000 vs. £20,000 per
annum). In addition a higher proportion of cotinine-validated smokers (61% versus 34% in
the full sample) live in non-smoke-free homes. Table 2 (last column) also shows that
approximately 50% of the cotinine-validated smokers correctly reported their smoking
behaviour. When the proportion of adolescents, under-reporting and correctly reporting
smoking status are plotted by parental income quintiles (Fig. 3), we observe no clear pattern.
A higher proportion of adolescents in the highest income quintile under-report smoking,
equal proportions of adolescents in the second and fourth income quintile under-report and
report smoking status correctly, while a higher proportion of adolescents in the middle of the

income distribution report smoking status correctly.
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Fig. 3 Self-reported and cotinine —validated smoking in the cotinine-validated sub-sample

Table 5 shows the results (marginal effects) of the probit model of under-reporting
smoking, conditional on observable characteristics. In the basic model controlling for only
adolescent characteristics, the association between parental income and under-reporting is
positive, meaning that as household income increases, the probability of under-reporting
smoking participation increase. Although this effect is statistically insignificant, it is
consistent with the notion that adolescents living in wealthier households are more likely to
be untruthful about their smoking behaviour. When the model is extended to include
household characteristics, the association between home ownership (another measure of
socioeconomic status) is positive and statistically significant. The probability of under-
reporting increases by approximately 12 percentage points when adolescents are living in
homes owned by their parents. Smoking within the household reduces the probability of
under-reporting by approximately 7 percentage points. Although this effect is statistically
insignificant, it is plausible given that adolescents living in homes within which smoking is

permitted are likely to perceive their smoking behaviour as acceptable.

With respect to adolescents’ characteristics, we find no statistically significant effects
of age, ethnicity and gender on the probability to under-report smoking behaviour.
Nevertheless, the direction of the association between these variable and reporting behaviour
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is worth noting. After controlling for the full set of covariates, older adolescents are less
likely to under-report smoking behaviour. This is consistent with findings from recent
epidemiological studies which have reported negative associations between age and the
probability to under-reporting smoking in adolescents (Griesler et al., 2008; Kandel et al.,
2006).

Misreporting smoking participation and income-related inequality in smoking

In addition to producing biased estimates of the effects of observable characteristics
on the probability of smoking participation, misclassification errors are likely to affect
measures of income-related inequality in smoking if there are systemic differences in
misreporting smoking amongst adolescents from different socioeconomic backgrounds. Fig 1
suggests an income (parental) gradient in misreporting smoking participation. The difference
between cotinine-validated smoking rates and self-reported smoking rates is highest
(approximately 7 percentage points) in adolescents at the lowest parental income quintile.
This difference decreases going up the parental income quintile and at the highest parental
income quintile the difference falls to less than 1 percentage point.

The concentration index has been widely used in measuring income-related health
inequality and depends on the relationship between the variable of interest and the rank
position in the income distribution (Kakwani et al., 1997; Wagstaff et al., 1991). It is most
suitable when the variable of interest is unbounded and measured on a ratio scale (Erreygers,
2009; Wagstaff, 2005). In this case the value of the concentration index ranges from -1 (in
which case the variable of interest is disproportionately concentrated amongst the poor) and
+1 (in which case the variable of interest is disproportionately concentrated amongst the

rich). The concentration index, C, can be defined as:
€= Zcov(¥;,R) (10)

where Y; is the variable of interest (smoking status for the ith individual), R; is the fractional
rank of the ith individual in the income distribution and y is the mean of Y across all

individuals.

However, when the variable of interest is binary, such as in smoking participation,
the possible range of values the concentration index can take will depend on ¥ such that as y

increases, the range the concentration index takes becomes narrower. This poses a problem
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when comparing the degree of inequality between populations with different means.
Therefore, to ensure comparability of the concentration indices estimated using cotinine-
validated smoking and self-reported smoking, we use the corrected concentration index
(Erreygers, 2009). The corrected concentration index, CClI is defined as:

4y
Z— W

CCl =

C (11)

where C is the concentration index derived from equation (10), z and w are the upper (one)

and lower (zero) bounds of Y, respectively.

Estimates of the corrected concentration indices based on cotinine-validated and self-
reported smoking are presented in Table 6. The corrected concentration indices for both
cotinine-validated and self-reported smoking are negative, meaning that smoking is
concentrated disproportionately in the poor. However, parental income-related inequality in
self-reported smoking is significantly less than inequality in cotinine-validated smoking by
approximately 50%. This is unsurprising given that on average, self-reported smoking rates
are underestimated to a larger extent in adolescents from poorer households in comparison to

adolescents from richer households (Fig 1).

Fig 4 shows a graphical representation (concentration curves) of income-related
inequality in self-reported and cotinine-validated smoking. The concentration curve plots the
cumulative proportion of smoking by the cumulative proportion of adolescents ranked from
the poorest to the richest. The concentration curves of both cotinine-validated and self-
reported smoking lie above the diagonal line of equality, meaning that smoking is
disproportionately concentrated in the poor. However, the concentration curve of cotinine-
validated smoking lies everywhere above the concentration curve of self-reported smoking,
suggesting that income-related inequality in cotinine-validated smoking is greater. This may
have significant implications when comparing inequality in smoking between populations or
within a population across different time periods. If the extent or pattern of misreporting
varies significantly across different populations or time, incorrect conclusions may be

reached on the extent or trend of income-related inequalities in adolescent smoking.
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Fig. 4 Concentration curves of smoking participation

4. Conclusion

In this study we show that misreporting of smoking behaviour by adolescents has
important consequences in empirical studies estimating the impact of various factors on
adolescent smoking participation. The failure to observe an effect of parental income on
adolescent self-reported smoking in previous empirical studies may be due to variations in
the extent of misreporting errors within available data. Similarly, misreporting of smoking
participation is likely to bias estimates of the impact of various anti-tobacco policies and may
explain the divergent results often reported in empirical studies on the impact of anti-tobacco
policies such as the effect of price, on adolescent smoking (for example see Rice et al., 2009).
Our results suggest that misclassification errors in smoking participation models will result in
an underestimation of the effects of observable characteristics as well as understate the
precision of the estimates. In addition, misclassification errors may have important
consequences when measuring income-related inequality in self-reported smoking, resulting
in an underestimation of the extent of inequality in smoking. From a policy maker’s
perspective, this represents a serious problem when comparing inequality in smoking

between populations or across time periods.
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In this study we use saliva cotinine levels greater than 12ng/ml as the true measure of
smoking participation. However, cotinine assays do not always represent a gold standard for
determining true smoking status particularly in adolescents in whom high variations of saliva
cotinine may occur due to variations in the pattern of cigarette consumption or due to
exposure to second-hand smoke (Patrick et al., 1994). Nevertheless, we show that varying the
cut-point does not affect estimates of the effect of parental income and other observable

characteristics on smoking participation.

Although cotinine assay may produce more reliable data on smoking participation,
collecting such data is not without its problems. It is expensive, more difficult to obtain and
may result in large proportions of missing data if participants are unable to provide sufficient
saliva samples. Self-reported smoking questionnaires, on the other hand, are easier and
cheaper to administer and represent an important method of collecting data on smoking
behaviour in population surveys. Therefore there is the need to develop suitable methods or
to adapt existing methods to account for misclassification errors in empirical studies on self-
reported smoking participation in adolescents. This will ensure that the impact of observable
characteristics including anti-tobacco smoking policies are consistently estimated using
available data.
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Appendix
Pr(YSR =1]X) = Pr(YSR = 1,YV = 1|X) + Pr(YSR = 1,YV = 0|X)
=Pr(YSR=1|Y =1,X) «Pr (Y = 1|X) + Pr(YSF = 1| YV = 0,X) =« Pr (YV = 0|X)
=Pr(YSR =1|Y% = 1)« Pr (Y = 1|X) + Pr(YSR = 1| YY" = 0) * Pr (Y" = 0|X)
= (1 - p10) Pr(Y¢" = 1]|X) + p01 (1 — Pr(Y%" = 1|X))
{where p01 = Pr(YS8 = 1|Y®V =0) and pl10= Pr(YS®F =0|Y®V =1)}

=p01+ (1 —p01 —p10)Pr(Y¢" =1|X)
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Table 1 Description of Variables

Variable name

Variable Label

Cotinine=12ng/ml
Cotinine=18ng/ml

SR Smoking
Under-reporting

Age

Age squared

Male

White

Household characteristics

Income

Log Income

HH Social class 1 &2 (Base group)
HH Social class 3

HH Social class 4&5

Own a house

Urban (Base group)

Suburb

Rural

Smoke in home

Mother's highest gqualification

M Degree (Base group)

M Below degree

M NVQ3/A levels

M NVQ2/0 levels

M NVQ1/CSE

M No qualification

Father's highest qualification

F Degree (Base group)

F Below degree

F NVQ3/A levels

F NVQ2/0 levels

F NvVQ1/CSE

F No qualification

Mother's employment status

M Employed (Base group)
M Unemployed

M Keep home

M Sick/Retired

M Student

Father's employment status

F Employed (Base group)
F Unemployed

F Keep home

F Retired

F Sick

F Student

1 if cotinine >12ng/ml

1 if cotinine 218ng/ml

1 if a self-reported smoker

1 if cotinine12=1 and SR smoker=0
Age last birthday

Age squared

1if male

1 if white

Annual total household income

Log household income

1 if household head(HH) is professional, managerial and technical occupations
1 if skilled occupation (manual & non-manual) or armed services

1 if partly skilled/unskilled/students/never occupied/unclassifiable

1 if owns outright/mortgage/shared ownership(part rent part mortgage)

1 if lives in inner city/other dense urban or city centre

1 if lives in a suburb residential (city/large town outskirts)

1 if lives in rural residential/village centre/rural agric. with isolated dwelling

1 if anyone smokes inside the house/flat on most days

1 if NVQ4/NVQ5/Degree or equivalent

1 if higher education below degree

1 if NVQ3/GCE A level equivalent

1if NVQ2/GCE O level or equivalent

1 if NVQ1/CSE/other grade equivalent/foreign or other qualification
1 if no qualification

1if NVQ4/NVQ5/Degree or equivalent

1 if higher education but below degree

1 if NVQ3/GCE A level equivalent

1 if NVQ2/GCE O level or equivalent

1 if NVQ1/CSE/other grade equivalent/foreign or other qualification
1 if no qualification

1 if in paid employment or self employed

1 if unemployed

1 if looking after home/family or doing something else

1 if retired/permanently unable to work due to long-term sickness or disability
1 if in full time education/ on a government training scheme

1 if in paid employment or self employed

1 if unemployed

1 if looking after home/family or doing something else

1 if retired

1 if permanently unable to work due to long-term sickness or disability
1 if in full time education/ on a government training scheme
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Table 1 Continued

Variable name

Variable Label

Parents current smoking status

M current smoker

F current smoker

M & F current smokers
Parents marital status

Parent married

Parent single (Base group)
Survey years

1997-2001 (Base group)
2002-2005

2006-2008

Parents missing variable indicator

Single mum

Single dad

F not home

M not home

Both parent missing

1 if mother smokes
1 if father smokes
1 if both parents smoke

1 if parents are married/cohabiting
1 if parent is single

1 if year of survey is from 1997-2001
1 if year of survey is from 2002-2005
1 if year of survey is from 2006-2008

1 if father information are missing because mother is single
1 if mother information are missing because father is single
1 if father information missing because father not home

1 if mother information missing because mother not home
1 if information on both parents are missing

HH- Head of household
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Table 2 Descriptive statistics of full sample and cotinine-validated sub-sample

Full Sample CV Sub-sample

All Income Quintiles All
Variable 1 2 3 4 5
Adolescents Characteristics
Cotinine=12ng/ml 0.0927 0.162 0.109 0.0805 0.0647 0.0408 -
Cotinine=18ng/ml 0.0864 0.148 0.105 0.0794 0.0598 0.0351 -
SR Smoking 0.064 0.0939 0.077 0.0624 0.0483 0.0354 0.503
Age 12.94 12.88 12.96 12.97 12.95 12.97 14.07
Age squared 169.60 167.80 170.00 170.10 169.80 170.30 199.10
Male 0.502 0.510 0.493 0.511 0.507 0.489 0.467
White 0.902 0.814 0.890 0.931 0.947 0.933 0.933
Household Characteristics
Income 20386.40 5603.90 10566.40 15947.30 23650.00 47754.40 14903.90
Log Income 9.634 8.568 9.256 9.671 10.060 10.710 9.324
HH Social class 1 &2 0.394 0.110 0.191 0.339 0.549 0.814 0.243
HH Social class 3 0.386 0.421 0.485 0.490 0.364 0.161 0.397
HH Social class 4&5 0.220 0.468 0.324 0.172 0.087 0.026 0.361
Own a house 0.703 0.329 0.597 0.767 0.910 0.945 0.523
Urban 0.298 0.312 0.305 0.289 0.275 0.307 0.269
Suburb 0.490 0.538 0.501 0.505 0.488 0.418 0.539
Rural 0.212 0.150 0.194 0.207 0.238 0.276 0.192
Smoke in home 0.343 0.547 0.445 0.323 0.230 0.153 0.620
Mother's highest qualification
M Degree 0.104 0.021 0.032 0.064 0.131 0.283 0.048
M Below degree 0.074 0.033 0.050 0.073 0.106 0.114 0.036
M NVQ3/A levels 0.086 0.048 0.072 0.097 0.116 0.100 0.067
M NVQ2/0 levels 0.230 0.181 0.264 0.290 0.256 0.159 0.233
M NVQ1/CSE 0.058 0.077 0.081 0.059 0.041 0.029 0.078
M No qualification 0.112 0.224 0.171 0.081 0.046 0.029 0.174
Father's highest qualification
F Degree 0.106 0.016 0.029 0.069 0.136 0.290 0.026
F Below degree 0.079 0.027 0.061 0.093 0.116 0.103 0.065
F NVQ3/A levels 0.065 0.025 0.054 0.060 0.106 0.080 0.029
F NVQ2/0 levels 0.109 0.065 0.109 0.158 0.140 0.076 0.088
F NVQ1/CSE 0.031 0.032 0.031 0.046 0.030 0.018 0.029
F No qualification 0.085 0.121 0.132 0.083 0.052 0.030 0.115
Mother's Employment Status
M Employed 0.465 0.179 0.432 0.533 0.609 0.591 0.392
M Unemployed 0.010 0.023 0.008 0.006 0.006 0.005 0.010
M Keep home 0.158 0.325 0.191 0.102 0.062 0.099 0.194
M Sick/Retired 0.018 0.036 0.028 0.014 0.011 0.002 0.024
M Student 0.014 0.020 0.013 0.009 0.009 0.017 0.015
Father's Employment Status
F Employed 0.417 0.133 0.336 0.491 0.565 0.583 0.275
F Unemployed 0.013 0.045 0.012 0.004 0.002 0.002 0.023
F Keep home 0.013 0.028 0.026 0.003 0.003 0.002 0.019
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Table 2 Continued

Full Sample CV Sub-sample

All Income Quintiles All
Variables 1 2 3 4 5
F Retired 0.005 0.008 0.007 0.002 0.001 0.005 0.004
F Sick 0.021 0.064 0.029 0.004 0.004 0.000 0.028
F Student 0.006 0.007 0.008 0.005 0.005 0.003 0.006
Parents current smoking status
M current smoker 0.197 0.286 0.242 0.195 0.164 0.092 0.364
F current smoker 0.132 0.143 0.167 0.138 0.123 0.089 0.165
M & F current smokers 0.064 0.067 0.080 0.064 0.066 0.040 0.099
Parents marital status
Parent married 0.518 0.302 0.448 0.549 0.631 0.678 0.372
Parent single 0.172 0.308 0.250 0.143 0.085 0.059 0.297
Survey Years
1997-2001 0.389 0.511 0.431 0.388 0.341 0.263 0.443
2002-2005 0.420 0.376 0.398 0.421 0.461 0.451 0.421
2006-2008 0.190 0.113 0.171 0.191 0.198 0.286 0.136
Parents missing indicator
Single mum 0.150 0.283 0.225 0.120 0.064 0.045 0.258
Single dad 0.016 0.019 0.016 0.018 0.013 0.012 0.032
F not home 0.066 0.042 0.056 0.064 0.072 0.096 0.058
M not home 0.009 0.009 0.010 0.010 0.007 0.010 0.003
Both parent missing 0.310 0.390 0.302 0.308 0.284 0.264 0.330
N 7421 1490 1488 1474 1484 1485 694
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Table 3 Bivariate probit models of misreporting smoking

Under-reporting (p10) Over-reporting (p01)
Pr(Y*=0]Y® =1) Pr(Y*" =1] Y'=0)

Variables ME t-stats ME t-stats
Log Income -0.0280 -1.21 0.0009 0.52
Age 0.0835 0.29 0.0089 0.46
Age squared -0.0063 -0.59 0.0001 0.09
Male 0.0380 1.46 -0.0035 -1.94
White -0.0185 -0.38 0.0040 1.42
2002-2005 0.0276 0.99 -0.0021 -1.09
2006-2008 0.1191 2.66 -0.0084 -3.42
HH Social class 3 0.0536 1.54 -0.0032 -1.32
HH Social class 4&5 0.0448 1.12 -0.0011 -0.39
Own a house 0.0787 2.37 -0.0089 -2.86
Suburb 0.0518 1.49 -0.0031 -1.23
Rural -0.0043 -0.1 0.0006 0.2
Smoke in home -0.0183 -0.53 0.0069 2.32
M Below degree -0.0211 -0.27 0.0001 0.02
M NVQ3/A levels 0.0452 0.66 -0.0024 -0.55
M NVQ2/0 levels 0.0729 1.22 -0.0044 -1.17
M NVQ1/CSE 0.0322 0.49 -0.0013 -0.29
M No qualification 0.0555 0.81 -0.0030 -0.71
F Below degree -0.0663 -0.81 0.0117 1.19
F NVQ3/A levels -0.0451 -0.49 0.0046 0.56
F NVQ2/0 levels -0.1584 -1.95 0.0222 1.77
F NVQ1/CSE 0.0030 0.03 0.0028 0.3
F No qualification -0.0664 -0.76 0.0112 1.1
M Unemployed 0.1216 1 -0.0072 -1.43
M Keep home -0.0197 -0.48 0.0007 0.24
M Sick/Retired 0.0814 0.64 -0.0051 -0.8
M Student -0.2436 -2.48 0.0354 1.72
F Unemployed 0.0220 0.21 -0.0002 -0.02
F Keep home 0.2200 2.39 -0.0100 -3.29
F Retired 0.0197 0.09 -0.0032 -0.27
F Sick -0.1805 -1.95 0.0169 1.32
F Student 0.1819 1.36 -0.0087 -1.97
M current smoker 0.0314 0.66 -0.0001 -0.03
F current smoker -0.0180 -0.26 -0.0001 -0.03
M & F current smokers 0.0082 0.1 -0.0003 -0.04
Parent married 0.2473 1.77 -0.0267 -2.1
N 7421 7421

Marginal effects (ME) calculated at sample mean. Standard errors adjusted for clustering at primary sample unit
level. Omitted categories: HH social class 1&2 and urban for household characteristics; degree or equivalent for
parents’ qualification; employed for parents’ employment status; single for parents’ marital status; and 1997-2001
for survey year.



Table 4a Probit model of cotinine-validated and self-reported (SR) smoking

SR smoker Cotinine=12ng/ml SR smoker Cotinine=12ng/ml
Variables ME t-stats ME t-stats ME t-stats ME t-stats
Log Income -0.0198 -7.09 -0.0424 -10.52 -0.0054 -1.83 -0.0134 -3.34
Age 0.0701 1.74 0.1474 3.05 0.0663 1.74 0.1374 3.18
Age squared -0.0014 -0.93 -0.0039 -2.11 -0.0014 -0.94 -0.0036 -2.2
Male -0.0081 -2.11 -0.0101 -1.89 -0.0076 -2.2 -0.0095 -1.99
White 0.0162 2.78 0.0345 4.76 0.0118 2.04 0.0235 3.32
2002-2005 -0.0016 -0.38 0.0028 0.43 -0.0034 -0.89 0.0006 0.11
2006-2008 -0.0164 -3.41 -0.0182 -2.59 -0.0168 -3.43 -0.0132 -1.8
HH Social class 3 -0.0037 -0.78 0.0084 1.19
HH Social class 4&5 0.0045 0.74 0.0283 2.67
Own a house -0.0251 -4.18 -0.0290 -3.97
Suburb -0.0031 -0.6 0.0055 0.82
Rural 0.0002 0.03 0.0004 0.05
Smoke in home 0.0310 5.96 0.0648 8.6
R-squared 0.160 0.157 0.190 0.204
N 7421 7421 7421 7421

Marginal effects (ME) calculated at sample mean. Standard errors adjusted for clustering at primary sample unit level. Omitted categories: HH
social class 1&2 and urban for household characteristics; degree or equivalent for parents’ qualification; employed for parents’ employment status;
single for parents’ marital status; and 1997-2001 for survey year.
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Table 4b Extended Probit model of cotinine-validated and self-reported (SR) smoking

SR smoker Cotinine212ng/ml Cotinine218ng/ml
Variables ME t-stats ME t-stats ME t-stats
Log Income -0.002 -0.74 -0.008 -2.05 -0.009 -2.29
Age 0.062 1.8 0.133 3.23 0.122 3.17
Age squared -0.001 -0.97 -0.003 -2.24 -0.003 -2.19
Male -0.007 -2.05 -0.008 -1.68 -0.006 -1.49
White 0.010 1.98 0.021 3.05 0.019 2.98
2002-2005 -0.004 -1.19 -0.001 -0.15 -0.002 -0.46
2006-2008 -0.016 -3.6 -0.012 -1.72 -0.010 -1.51
HH Social class 3 -0.004 -0.95 0.005 0.71 0.006 0.92
HH Social class 4&5 0.002 04 0.021 2.14 0.019 2.08
Own a house -0.019 -3.56 -0.021 -3.08 -0.017 -2.78
Suburb -0.003 -0.69 0.004 0.66 0.005 0.75
Rural 0.002 0.35 0.003 0.32 0.005 0.67
Smoke in home 0.027 4.35 0.053 5.8 0.047 5.4
M Below degree -0.003 -0.29 -0.009 -0.86 -0.008 -0.81
M NVQ3/A levels -0.001 -0.14 0.008 0.57 0.005 0.37
M NVQ2/0 levels -0.006 -0.81 0.005 0.41 0.006 0.6
M NVQ1/CSE 0.004 0.38 0.012 0.73 0.013 0.85
M No qualification -0.003 -0.35 0.007 0.55 0.007 0.6
F Below degree 0.033 1.75 0.050 2.16 0.054 2.28
F NVQ3/A levels 0.005 0.41 0.006 0.36 0.012 0.67
F NVQ2/0 levels 0.042 2.14 0.031 1.62 0.038 1.94
F NVQ1/CSE 0.014 0.69 0.029 1.18 0.025 1.1
F No qualification 0.026 1.48 0.044 1.95 0.048 2.12
M Unemployed -0.011 -0.85 -0.007 -0.33 -0.004 -0.19
M Keep home -0.001 -0.21 -0.004 -0.61 -0.005 -0.72
M Sick/Retired -0.013 -1.19 -0.008 -0.55 -0.009 -0.65
M Student 0.055 2.01 0.030 1.15 0.021 0.96
F Unemployed 0.006 0.39 0.013 0.63 0.017 0.82
F Keep home -0.019 -2.16 0.016 0.55 -0.009 -0.55
F Retired -0.007 -0.37 -0.018 -1.05 -0.015 -0.95
F Sick 0.024 1.26 -0.006 -0.42 -0.002 -0.17
F Student -0.012 -0.89 0.010 0.25 -0.019 -0.99
M current smoker 0.006 0.8 0.020 1.92 0.016 1.67
F current smoker -0.003 -0.39 -0.011 -1.01 -0.013 -1.44
M & F current smokers 0.002 0.14 0.005 0.31 0.009 0.56
Parent married -0.045 -2.08 -0.048 -1.38 -0.020 -0.68
R-squared 0.209 0.219 0.219

N 7421 7421 7421




Table 5 Probit model for under-reporting of smoking behaviour

Variables ME t-stats ME t-stats ME t-stats
Log Income 0.0385 1.34 -0.0103 -0.29 -0.0228 -0.6
Age -0.6011 -1.22 -0.6428 -1.27 -0.6382 -1.23
Age squared 0.0165 0.91 0.0177 0.96 0.0172 0.91
Male 0.0475 1.18 0.0442 1.1 0.0433 1.03
White 0.0558 0.72 0.0371 0.46 0.0375 0.44
2002-2005 -0.0379 -0.82 -0.0247 -0.52 -0.0280 -0.56
2006-2008 0.0661 1.03 0.1187 1.56 0.1297 1.55
HH Social class 3 0.0233 0.43 -0.0076 -0.13
HH Social class 4&5 0.0373 0.62 0.0035 0.06
Own a house 0.1247 2.39 0.0890 1.61
Suburb 0.0695 1.19 0.0718 1.2
Rural 0.0447 0.6 0.0244 0.31
Smoke in home -0.0701 -1.55 -0.0874 -1.57
M Below degree -0.0751 -0.53
M NVQ3/A levels -0.0567 -0.43
M NVQ2/0 levels 0.0301 0.28
M NVQ1/CSE -0.2187 -1.66
M No qualification 0.0058 0.05
F Below degree 0.0970 0.62
F NVQ3/A levels 0.1867 1.02
F NVQ2/0 levels 0.1244 0.84
F NVQ1/CSE 0.2117 1.15
F No qualification 0.2146 1.45
M Unemployed/keep home -0.0291 -0.43
M Sick/Retired 0.3608 2.02
M Student -0.6045 -2.9
F Unemployed -0.0721 -0.47
F Keep home 0.1253 0.61
F Retired 0.2427 0.64
F Sick/Student -0.1729 -1.31
M current smoker -0.0182 -0.24
F current smoker 0.0633 0.58
M & F current smokers -0.1584 -1.15
Parent married 0.3002 1.35
R-squared 0.06577 0.07895 0.1241

N 694 694 694

Marginal effects (ME) calculated at sample mean. Standard errors adjusted for clustering at primary sample unit
level. Omitted categories: HH social class 1&2 and urban for household characteristics; degree or equivalent for
parents’ qualification; employed for parents’ employment status; single for parents’ marital status; and 1997-2001
for survey year



Table 6 Corrected concentration index of smoking participation

Year SR smoking Cotinine>12ng/ml Cotinine>18ng/ml N

1997-2001 -0.0316** -0.0837*** -0.0785*** 3149
2002-2005 -0.0505*** -0.0890*** -0.0865*** 2783
2006-2008 -0.0487*** -0.0867*** -0.0791*** 1489
All years -0.0468*** -0.0904*** -0.0855*** 7421

** p<0.01, *** p<0.001
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