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ABSTRACT

The relationship between smoking behaviour and obesity is of great interest as not only are they
two of the leading causes of preventable death, but it is also possible that the decline in one
(smoking) may have contributed to the rise in the other (obesity). Using Australian health survey
data, this paper utilises a seemingly unrelated probit approach to investigate the relationship
between smoking behavior and obesity while closely examining the role that ethnicity plays in this
relationship. This approach allows for an association between obesity and smoking without
imposing any assumptions on the existence or direction of a causal relation. Results show
smokers have a lower probability of obesity in both males and females and across all ethnic
groups. The importance of accounting for potential endogeneity of smoking when examining
obesity is demonstrated. Unobserved factors play a significant role in the relationship between
smoking and obesity in females, but not males. Ethnicity plays a significant role in gender
differences in these relationships. Findings highlight important areas for future research into the
complex relationship between smoking, obesity and ethnicity.
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The roles of smoking and ethnicity in obesity:

a seemingly unrelated probit approach

1. Introduction

Smoking and obesity are two of the leading preventable causes of death and disease in high-
income countries (Lopez, Mathers, Ezzati, Jamison, & Murray, 2006; Mokdad, Marks, Stroup, &
Gerberding, 2004). The detrimental health consequences associated with both smoking and
obesity, such as heart disease and cancer are well-known. Smoking prevalence in most high-
income nations has declined over the past few decades. In the United States and Australia, for
example, adult smoking rates have fallen considerably since the early 1970s from around 37% to
20% in the United States and from 37% to 16% in Australia (AIHW, 2008; CDC, 2008, 2009;
Woodward, 1984). Over the same period of time, we have seen a sharp rise in obesity
prevalence, with the United States, the United Kingdom and Australia among the heaviest nations
(OECD, 2007). Adult obesity prevalence in the United States increased from around 15% in the
1970s to over 30% in 2008 (Flegal, Carroll, Ogden & Johnson, 2002). In Australia, it has risen
from below 10% in 1989-90 to over 18% in 2008 (ABS, 2008a).

There is a persistent hypothesis that tobacco control policies, by reducing smoking prevalence,
have unintentionally caused higher obesity rates (Baum, 2009; Boyle, Dobson, Egger, & Magnus,
1994; Chou, Grossman, & Saffer, 2004; Flegal, Troiano, Pamuk, Kuczmarski, & Campbell, 1995;
Gruber & Frakes, 2006; Rashad & Grossman, 2004). It has been difficult to present convincing
evidence for this because of the complexities involved in determining the presence and direction
of a relationship between smoking and body weight. The medical literature generally finds
smoking is associated with a lower body mass index (BMI) and smoking cessation is associated
with weight gain (Albanes, Jones, Micozzi, & Mattson, 1987; Chiolero, Faeh, Paccaud, & Cornuz,
2008; Filozof, Pinilla, & Fernandez-Cruz, 2004; Grunberg, 1985). These associations are
typically explained by the metabolic effects and loss of appetite associated with nicotine (Perkins,
1992). However, several unobserved or unmeasured factors such as genetics, smoking-related
morbidity, higher time preference (or myopia), other risky behavior, and concern about body
weight and image may confound the relationship between smoking behaviour and body weight,
making it difficult to estimate causal effects (Chiolero et al., 2008; Potter, Pederson, Chan, Aubut,
& Koval, 2004; Robb, Huston, & Finke, 2008).

A small number of studies have used instrumental variable (V) techniques to account for the
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endogeneity of smoking behaviour in relation to obesity (Baum, 2009; Chou et al., 2004; Gruber &
Frakes, 2006; Rashad & Grossman, 2004). Chou et al. (2004) used area level cigarette prices as
instruments for smoking behaviour and found them to have a positive effect on obesity and BMI,
implying that smoking cessation leads to obesity. Gruber and Frakes (2006) used the same
dataset, but used cigarette taxes as instruments and came to the opposite conclusion — that
falling smoking rates have a negative effect on BMI and obesity. Baum (2009) confirmed the
results of Chou et al. (2004) and Gruber and Frakes (2006). Using both cigarette prices and
cigarette taxes as instruments, it was found smoking cessation increased body weight. In
contrast, Rashad (2006) found that after controlling for endogeneity of smoking using local indoor
air laws and cigarette taxes as instruments, the negative effect of smoking on body weight

disappeared.

The above studies provide conflicting results. This has been attributed to differences in the way
time trend covariates are specified and to how the costs of cigarettes are measured (Gruber and
Frakes 2006). It is also possible that cigarette prices are poor instruments for cigarette
consumption. The more recent smoking literature finds that demand for cigarettes is relatively
price inelastic, which implies that the correlation between smoking (the endogenous variable) and
price (the instrument) is small, which makes price a weak instrument for consumption (for a
review see Gallet and List 2003). It seems that at present no clear conclusions about the effect of
smoking cessation on obesity can be drawn from studies that have used IV -or indeed any other

econometric- techniques.

Ethnicity plays an important role in determining smoking behaviour and obesity. (See for example
Mermelstein, 1999; Sanchez-Vaznaugh, Kawachi, Subramanian, Sanchez, & Acevedo-Garcia,
2008; Singh & Siahpush, 2002; Sundquist & Johansson, 1998 ). Mermelstein (1999) highlighted
important ethnic and gender differences in the determinants of smoking, including social
influences, social expectations, and bodyweight concern. Singh and Siahpush (2002) investigated
various ethnic—immigrant and US-born groups and found significant differences in risk of obesity,
smoking and other chronic medical conditions. Consistent with the acculturation hypothesis, they
found the risk of obesity and smoking among first-generation immigrants converged toward those
of the US-born as their length of residence in the US increased. Despite these results, studies
that have explored the relationship between smoking behaviour and obesity have paid little
explicit attention to the role of ethnicity. This is surprising considering the complex etiologic
interactions between race or ethnicity, tobacco exposure, and susceptibility to illnesses such as

cancer and heart disease found in the medical literature (Risch, 2006).
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The objective of this paper is to investigate the relationship between smoking behavior and
obesity with explicit consideration of the role that ethnicity may play in this relationship. We use a
seemingly unrelated probit (SUR) approach. This allows us to exploit the information inherent in
the data by allowing for a correlation between smoking and obesity over a third, unobserved
factor. Unlike IV techniques, the SUR does not allow us to make inference on a direct causal
relationship between obesity and smoking, but at the same time, it does not require us to make
(potentially erroneous) assumptions on the possible relation between the two variables in our
model. Using Australian data, we demonstrate the usefulness of applying the SUR technique
where endogeneity is a concern but the use of IV techniques is not warranted because
instruments are weak. Controlling for demographic, socioeconomic and lifestyle factors, we
confirm previous findings of a negative relationship between smoking and obesity. Our findings
suggest unobserved heterogeneity plays a significant role in the relationship between smoking
and obesity in females but less so in males, and that quitting smoking increases body weight in
males, but not females. Ethnicity plays a significant role in the gender differences in these
relationships. We find differences in the determinants of obesity and smoking among various
ethnic groups, suggesting targeting health policies towards certain ethnic populations may be
beneficial. Greater insight into cultural norms about smoking, body weight, diet and exercise are

important in understanding the different results.

Data and variables

This study uses pooled data from four years (2002-2005) of the Victorian Population Health
Survey (VPHS), a representative survey of adults (18 and over) in the Australian state of Victoria.
The VPHS is an annual telephone survey of 7,500 respondents that includes extensive
information on health, demographic and socioeconomic indicators. Our sample consists of 9,914
males and 14,500 females. The VPHS is conducted in six languages, which guarantees that
non-English speakers such as recent immigrants are included in the survey. This language option
is an important feature of the survey as immigrants comprise approximately one quarter of the
Victorian population and 16% of Australians speak a language other than English at home (ABS,
2008b).

Summary statistics on the variables used in the analyses are provided in Table 1. The binary
dependent variables are obese and smoker, based on self-reported BMI and smoking status.
There is the potential for measurement biases in self-reported height and weight to affect the
coefficient estimates (Cawley, 2000). However, it has been shown that the reporting bias in the
VPHS is comparably small (Morgan, 2007). For Asians, we estimate models with a BMI cut-off
point for obese of both 30 and 27.5, because the lower value has been suggested by WHO

(2004) as more appropriate for this population group (results using the lower BMI cut-off are
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available from the authors). Variables for immigrant status are based on the country of birth of the
respondents and their parents, and aggregation of countries into four regions (Asia, North-West
Europe, South-East Europe and Other) follows the method used by the United Nations Statistical
Division (2008). Respondents are considered native if they and at least one of their parents were
born in Australia. A person born in Asia but living in Australia is considered a first generation
Asian, while a person born and living in Australia with both parents born in Asia is considered a
second generation Asian. An Australian born with parents from other regions or mixed regions
such as Asia and North-West Europe, is classified as second generation Other. Over half of
South-East Europeans are second generation immigrants, compared with only a quarter of North-
West Europeans and 6% of Asians, reflecting changing trends in immigration over the past
decades.

To measure the effect of quitting smoking on obesity, the binary variable, Quitter, is included in all
models. Because smoking cessation occurred in the past, we assume a one-way causality from
quitting smoking to obesity. However, we acknowledge that a person may be obese prior to
quitting smoking. We include two measures of physical activity (no-walks and no-exercise) to
approximate energy expenditure. There is evidence to suggest that smoking is clustered with
other risky behaviours such as heavy alcohol consumption (Bien & Burge, 1990). Therefore we
include binary variables classifying alcohol intake according to the National Health and Medical
Research Council Alcohol Guidelines (NHMRC, 2001). In addition, our models include socio-

demographic explanatory variables and year dummies to take account of exogenous time effects.

Methods

We specify two models, one for the probability of being obese and another for the probability of
smoking. We estimate the two models jointly with a seemingly unrelated (SUR) probit model
which allows for the possibility that there is a positive or negative (or no) correlation between the
error terms in the two models. There may be unobserved factors which increase both an
individual's |likelihood to smoke and to be obese,
or genetic predisposition. For example, the medical literature finds clinical similarities between

drug-addicted patients and overeating obese patients (Wang, Volkow, Thanos, & Fowler, 2004).

This would imply a positive correlation between the error terms in the two models. On the other

hand, there may be unobserved factors which decrease the probability of being obese, but

increase the probability of smoking. For example, there is some medical evidence to suggest that

quitting smoking leads to increased body fat (at | east in the short t

wei ght is cited as a pr i maFilgzofetalaZ@®n THisavouldn ot qui tt
imply a negative correlation between the error terms in the two models. We also allow for the
possibility that there is no correlation between the errors and that the propensity to be obese and

the propensity to smoke are unrelated. Our modelling approach allows identification of the nature
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of the correlation between the unobservable factors, but provides no specific information on what
those identifying factors may be. The SUR probit allows us to predict joint and conditional
probabilities, such as the probability of being obese given the person is a smoker, accounting for

any unobserved heterogeneity.
We specify the model as follows:
Obese* = B1Q; + BoLi + B3Di + my (1)

Smoker* = §;D; + M, (),

where Obese;* is an unobserved latent variable that takes the value of one if the individual i has a
BMI2 30 and zero otherwise and Smoker;* is an unobserved latent variable that takes the value of
one if the individual i smokes at least one cigarette per day and zero otherwise. Q is a binary
variable for quitter. L is a vector of lifestyle control variables that include alcohol consumption and
exercise habits. L is included only in the obesity equation because it is likely to be endogenous
with smoking. D is a vector of demographic variables that include age, age?, marital status,
education, employment status, household income, rural region, renting home, survey year and
ethnicity (only included in models for the whole sample), and mis a stochastic error term. We
assume that E(m;) = E(m;) = 0; var (m;) = var (my;) = 1; and r = cov (m;, ). We use a Wald test
for the absence of correlation between the error terms in the model (r =0). IfrZ 0 j oi nt
estimation of the obesity and smoking equations is more efficient. Models are estimated

separately for males and females and for ethnic sub-samples.

Results

The results from the SUR probit model for males and females are shown in Table 2. Reported are
marginal and average effects on the marginal probability of obesity and smoking, evaluated at the
means of all continuous explanatory variables and for a discrete change of all dummy variables
from O to 1. Our estimates on socioeconomic factors by and large confirm previous results in the
literature that smoking and obesity are concentrated among groups with lower socioeconomic
status (Ball & Crawford, 2005; Laaksonen, Rahkonen, Karvonen, & Lahelma, 2005). Age has the
expected n-shaped effect on both obesity and smoking. Not exercising is positively associated
with obesity, but coefficients are not statistically significant. Our findings on the relation between
alcohol consumption and BMI are consistent with previous evidence of an inverse association,
particularly in females (Williamson et al. 1987). It has been suggested that the result may be
explained by a calorie substitution effect and the difference in metabolism of alcoholic calories
compared with non-alcoholic calories, such as carbohydrates (Gruchow et al. 1985). Asian
immigrants are less likely to be obese and less likely to smoke than their Native counterparts,

suggesting that genetic, cultural or environmental aspects of Asians may be protective against

Translational research in the area of inequalities in health related to obesity in Australia 8



obesity. We also find North-West European females less likely to be obese, while South-East
European males are more likely to be obese than their Native counterparts. We note that within
each ethnic group there is likely to be heterogeneity in the distribution of obesity and in cultural
factors that influence obesity (Bates, Acevedo-Garcia, Alegria, & Krieger, 2008). Therefore, future

investigations may benefit from using more closely defined categories of ethnicity.

Quitting smoking has a positive and significant effect on the probability of being obese in males.
Male quitters have a 0.041 higher probability of being obese than non-smokers. This result is
consistent with previous studies that find body fat increases following smoking cessation (Filozof
et al., 2004) which may be due to a combination of factors such as increased energy intake,
decreased resting metabolic rate, decreased physical activity and increased adipose tissue
lipoprotein lipase activity (Chiolero et al. 2008). For females, we find no effect of quitting smoking
on the probability of being obese. It is possible that weight-conscious women are choosing not to
quit for fear of gaining weight (Pirie, Murray, & Luepker, 1991). Women who do quit may be
motivated by weight concern or other health conditions to take steps (such as dieting) to minimise

weight gain following smoking cessation.

The relationship between smoking and obesity

Using a Wald test, we determine whether there is a correlation in the errors between the two
models. For males, there is a weak negative but statistically insignificant correlation in the
unobserved factors (rho (p  -0.03). For females, there is a statistically significant negative
correlation (p  -8.06). These results indicate that for females, there are one or more unobserved

factors which are positively related to smoking but negatively related to obesity (or vice versa).

We can only speculate which factors drive the negative correlation, but our finding is consistent
with the evidence of a metabolic effect of nicotine and supports the notion that body weight
concern may be an unobserved factor influencing both the decision to smoke and lifestyle
behaviours such as diet and exercise that affect body weight. Studies have found the association
between smoking initiation and weight concern to be stronger among females than males (French
& Jeffery, 1995; Potter et al., 2004), and that women smokers report greater concern about
weight gain if they quit smoking than males (Pirie et al., 1991). Such findings may partly explain
why p is statistically different to zero in females, but not males. It is also possible that the third
factor explaining the negative value of p is a mental health condition, anxiety, illicit substance
abuse (Breslau, Kilbey, & Andreski, 1994; Park, 2009) or a smoking-related morbidity such as
chronic pulmonary obstructive disease or lung cancer which is associated with weight loss. It is

unlikely, however, that prevalence of such conditions is high enough to impact on the estimation
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and in addition, we would expect a significant correlation in the error terms for both males and

females (Bain, Feskanich, Speizer, Thun, Hertzmark, Rosner et al., 2004; Breslau et al., 1994).

Other possible unobserved factors such as myopia, unhealthy eating habits, low self-control,
depression (Carpenter, Hasin, Allison, & Faith, 2000) and low concern for health are all likely to
have a positive relationship with both smoking and obesity. The presence of such factors would
attenuate the negative effects of bodyweight concern, smoking related morbidity or the metabolic

effects of nicotine on obesity. This may also explain the zero value of p in males.

The role of ethnicity in the smoking and obesity relationship

Table 3 reports the estimates for p from the SUR models by ethnicity. Although p is not
significantly different from zero in males over the whole sample, it is negative for the sub sample
of South-East European males (p=-0.27, significant at 1%). For females, it appears the Natives
are driving the relationship in the negative correlation in unobserved factors, with p =-0.11,
significant at 1%; p is not significantly different from zero for any other female ethnic group.
These findings suggest that while unobserved factors influence both smoking and obesity for
Native women, unobserved factors do not jointly influence smoking and obesity for women from
other ethnic groups. The genetic similarity between North-West Europeans and Natives implies
that if the metabolic effect of smoking were the dominant factor in the smoking-obesity
relationship, then we would expect p to be negative and significant in both Native and North-West
European females. However, the result of p = 0 for North-West European females suggests that
the unobserved factor driving the negative relationship in Native women is unlikely to be
biological, but rather social or environmental. Further investigation to determine these factors is

warranted.

Predicting probabilities of obesity

A key advantage of estimating SUR probits is it allows us to predict joint and conditional
probabilities, taking account of the correlations between the unobservable factors (error terms).
Such information would not be available if smoking and obesity were analysed separately. Joint
probabilities allow us to estimate the probability of two states occurring in conjunction (such as
being obese and smoking), whereas conditional probabilities allow us to estimate the probability
of one state occurring (such as being obese), given the occurrence of another state (such as

smoking). Such predicted probabilities give further intuition to the results.
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Figure 1 shows the conditional probabilities for obesity given a person is a smoker
(Pr(Ob=1|Sm=1)) and given the person is a non-smoker (Pr(Ob=1|Sm=0)), calculated at the
means of each subgroup. The estimates indicate that a typical male has a 0.142 probability of
being obese if he is a smoker, but if he does not smoke, the probability of being obese increases
by 8.1% to 0.154. Similarly, for a typical female, the probability of being obese if she is a smoker
is 0.142, while the probability of being obese increases by 17.3% to 0.167 if she does not smoke.
The difference in the two conditional probabilities is consistently greater for females across all
ethnic sub-groups. This indicates that smoking status has a larger impact on the chances of

obesity for females (than for males).

There is significant variation in the conditional probabilities across ethnic groups. Asians have
much lower conditional probabilities of obesity, while South East Europeans have much higher
conditional probabilities of obesity compared with Natives. Overall, the results show that smokers
are less likely to be obese, and that this finding is consistent across both genders and all ethnic
groups. Conditional probabilities for smoking were also predicted (not presented) and the
estimates consistently showed the probability of smoking is lower if an individual is obese
compared with if an individual were non-obese. The estimates of the conditional probabilities
confirm previous results in the literature that there is a negative relationship between smoking
and obesity (Baum, 2009; Chou et al., 2004). It is notable that we can achieve similar results with
a more straightforward econometric model which makes less demands on the data and which is

built on more general assumptions.

Conclusions

Our empirical results reveal the importance of accounting for the potential endogeneity of
smoking when examining the determinants of obesity. Estimating the obese and smoker
equations jointly reveals a negative correlation in the error terms for females, but not for males.
This implies that for females, there are unobserved factors which influence obesity and smoking
in opposing directions. We demonstrate the usefulness of our approach for the analysis of the
complex interrelation of lifestyle factors, for which both theoretical and applied research often
struggles to establish conclusive causal relations. We show that even when instrumental
variables are weak or not available, robust results can be generated. This opens up a potential

new stream of analysis making use of health surveys in this area.

We cannot uncover what the unobservable factors in evidence are explicitly; this would require
further research, on a more extensive dataset with, for example, information on the genetic make-

up of respondents or detailed information on psychological aspects to uncover tendencies for
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addictive behaviour, myopia or body weight concern. What we can highlight is that there are
factors which do warrant further study which may even require more detailed data being

collected.

When we examine ethnic groups separately, we find that the negative relationship between the
unobservable factors affecting smoking and obesity is only statistically significant in Native

women and South-East European men.

Further research into the different cultural norms about smoking, body weight, diet and exercise
and tendencies to acculturate is needed, perhaps at a qualitative level, to disentangle the
mechanisms underlying the obesity and smoking relationship. We have demonstrated a non
data-intensive method can highlight information of use to policy makers, especially important
when instruments are unreliable or unavailable. In doing so, we have highlighted important areas
for future research into the relationship between smoking, obesity and ethnicity where tailoring
health policies to particular ethnic sub populations may be more effective than disregarding ethnic
differences.
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Table 1. Definitions and summary statistics of variables

Variable Definition Males Females
Mean (S.D) Mean (S.D)

Obese o has BMI 2 30 0.151 (0.358) 0.162 (0.368)

Smoker o smokes 0.240 (0.427) 0.201 (0.401)

Quitter o has quit smoking 0.296 (0.456) 0.230 (0.421)

Age Age of respondent 45.094 (16.616) 45.297 (16.814)

Rural o livesin arural area 0.278 (0.448) 0.276 (0.447)

Single a has never married 0.211 (0.408) 0.162 (0.369)

Widowed a is widowed 0.021 (0.142) 0.072 (0.259)

Divorced a is divorced or separated 0.061 (0.239) 0.101 (0.301)

Tertiary o attained tertiary level education 0.519 (0.500) 0.443 (0.497)

Primary a attained primary level education 0.027 (0.163) 0.030 (0.169)

Student a is currently a student 0.047 (0.211) 0.053 (0.224)

Retired a is retired 0.179 (0.383) 0.189 (0.391)
a is unemployed, unable to work or home

Unemployed duties 0.074 (0.262) 0.219 (0.413)
a has household income between $20,000

Inc $20-40K and $40,000 0.193  (0.395) 0.216 (0.411)
o has household income between $40,000

Inc $40-60K and $60,000 0.210  (0.408) 0.192 (0.394)
o has household income greater than

Inc > $60K $60,000 0.437  (0.496) 0.361 (0.480)

Rented a lives in rented accommodation 0.199 (0.399) 0.203 (0.403)
a does not walk continuously for 10 mins at

No walks least once per week 0.155 (0.362) 0.137 (0.344)
a does not exercise vigorously at least

No exercise once per week. 0.573 (0.495) 0.548 (0.498)

Risky drinker a is arisky drinker 0.131 (0.337) 0.040 (0.297)

Non drinker a does not drink alcohol 0.125 (0.330) 0.207 (0.405)

Asian a is from Asia or both parents from Asia 0.075 (0.263) 0.062 (0.240)
a is from North West Europe or both

NW European parents from North West Europe 0.118 (0.322) 0.114 (0.318)
a is from South East Europe or both

SE European  parents from South East Europe 0.101 (0.302) 0.099 (0.299)

Other ethnic a is from other ethnic group 0.088 (0.283) 0.079 (0.270)

o = Dichotomous variable that equals 1 if respondent

Standard deviations are in parentheses ().

Sample size is 9,914 and 14,500 for males and females respectively. VPHS sample weights are used in
calculating the mean and standard deviation.
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Table 2. Seemingly Unrelated Probit results: Marginal and Average effects

Males Females
Obese Smoker Obese Smoker

Quitter 0.041**  (0.012) - - 0.007 (0.010) - -
Age 0.017**  (0.002) 0.004  (0.002) 0.018*  (0.002)  0.006**  (0.002)

-0.018**  (0.002) - (0.003) -0.017* (0.002)  -0.012** (0.002)
Age2 0.011*
Rural 0.019*  (0.009) -0.005  (0.011) 0.015*  (0.007)  0.000 (0.008)
Single -0.015 (0.015) 0.052** (0.019) 0.006 (0.015) 0.077**  (0.017)
Divorced 0.002 (0.018) 0.113** (0.023) -0.020 (0.011) 0.093**  (0.016)
Widowed 0.020 (0.030) 0.134**  (0.040) -0.005  (0.017) 0.086**  (0.025)
Tertiary -0.024*  (0.010)  -0.090** (0.012) -0.020*  (0.008)  -0.092**  (0.009)
Primary 0.037 (0.032) -0.005 (0.036) 0.058* (0.026) 0.016 (0.029)
Student -0.045  (0.024)  -0.165** (0.016) -0.047*  (0.022)  -0.084**  (0.017)
Retired 0.003 (0.019) -0.027 (0.024) 0.042* (0.019) -0.043* (0.018)
Unemployed 0.043 (0.022) 0.066**  (0.025) 0.038**  (0.011) -0.002 (0.011)
Inc $20-40K -0.016  (0.014) -0.005  (0.019) -0.018  (0.012) -0.012  (0.013)
Inc $40-60K -0.012 (0.017)  -0.058** (0.019) -0.020 (0.013)  -0.037** (0.014)
Inc > $60K -0.030 (0.017)  -0.053** (0.020) -0.056** (0.013) -0.051** (0.015)
Rented -0.011  (0.012) 0.106 ** (0.017) 0.055**  (0.012)  0.086**  (0.013)
No walks 0.017 (0.012) - - 0.012 (0.0112) - -
No exercise 0.016 (0.009) - - 0.008 (0.008) - -
Risky drinker ~ -0.018  (0.013) - - 0.031 (0.025) - -
Non drinker 0.042* (0.017) - - 0.067**  (0.011) - -
Asian -0.082** (0.016) -0.067** (0.023) -0.098**  (0.014) -0.163** (0.009)
NW European -0.011  (0.014) -0.002  (0.018) -0.027*  (0.011) -0.004  (0.014)
SE European  0.043* (0.018) 0.038 (0.022) 0.000 (0.015)  -0.005 (0.016)
Other ethnic 0.025 (0.019) 0.005 (0.022) -0.019 (0.015) -0.026 (0.016)
Year 0.006 (0.004) -0.006  (0.005) 0.008*  (0.004) -0.003  (0.004)
Rho -0.030  (0.033) -0.060*  (0.027)
Wald test: c>  0.807 4.795
Prob > ¢? 0.369 0.029

(*) and (**) indicate 5% and 1% significant respectively

Standard errors are in parentheses ().

Marginal Effects on the marginal probability of obesity and smoking are evaluated at the means of all
continuous explanatory variables and Average Effects are evaluated for a discrete change of all dummy
variables from 0 to 1.
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Table 3. Seemingly Unrelated Probit estimates: Obese equation by ethnicity

Native Asian North-West South-East
European European
Male Female Male Female Male Female Male Female
Sample (n) 6,992 10,675 403 480 1,211 1,607 724 926
Rho (p) -0.030 -0.114** -0.162 0.368 —0.006 —-0.028 —0.265** 0.064

(0.040)  (0.030) (0.175) (0.227) (0.092) (0.083) (0.089) (0.089)
Wald test: ¢c> 0.548  13.83  0.808  2.015  0.004  0.113  7.70 0.508

Prob > ¢? 0.459 0.000 0.369 0.156 0.951 0.736 0.006 0.476

(*) and (**) indicate 5% and 1% significant respectively.

Robust standard errors are in parentheses ().

Figure 1. Predicted conditional probabilities for obesity
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Pr (Ob =1|Sm=0) = Probability of being obese, given individual is not a smoker

Pr (Ob =1|Sm=1) = Probability of being obese, given individual is a smoker
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