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Smoking Cessation and Body Weight:
Evidence from the Behavioral Risk
Factor Surveillance Survey

Panagiotis Kasteridis and Steven T. Yen

Objective. To investigate the role of smoking cessation in body weight.

Data Sources. 20042005 and 2009-2010 Behavioral Risk Factor Surveillance Sur-
veys (BRFSS) (N = 349,000), Centers for Disease Control and Prevention; Zax Burden
on Tobacco (Orzechowski and Walker 2010).

Study Design. The Gaussian treatment effect model is estimated for three age catego-
ries by gender. Treatment effects of quitting smoking on body mass index (BMI) by quit
length are calculated.

Principal Findings. Quitting is found to be endogenous. Differentiated effects of
quitting smoking on BMI are found among quitters by gender, between age groups,
and by length of time since quitting smoking, and positive association between smok-
ing cessation and body weight confirmed. Declining smoking rates have only a modest
effect in the overweight population. The effects of quitting on BMI are considerably
lower among younger men and women.

Conclusion. The price that must be paid, in terms of weight gain, to enjoy the health
benefits of smoking cessation is trivial even for the obese population.

Key Words. BMI, BRFSS, smoking cessation, treatment effect model

There have been a rapid rise in obesity and a notable decline in smoking rates
in the United States over the last few decades. The obesity epidemic spread
rapidly during the 1990s across all states, regions, and demographic groups
(Mokdad et al. 1999), and the prevalence has remained high, exceeding 30%
in most age and gender groups during 2007-2008 (Flegal et al. 2010).

Obesity is a major public health concern because it is associated with a
long list of diseases such as type 2 diabetes, hypertension, dyslipidemia, certain
forms of cancer, sleep apnea, and osteoarthritis. Overweight accounts for more
than 350,000 premature deaths each year in the United States, second only to
tobacco-related deaths (Mokdad et al. 2005). The accelerating spread of obes-
ity has placed a tremendous burden on health care costs. The total direct and
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indirect costs attributable to overweight and obesity amounted to $117 billion
in 2000 (U.S. Department of Health and Human Services [USDHHS] 2001).

The Centers for Disease Control and Prevention (CDC) estimates that
46 million people or 20.6% of all adults (age > 18) in the United States were
current cigarette smokers during 2008 (CDC 2009a). Cigarette smoking is the
leading cause of preventable death in the United States, accounting for approx-
imately 443,000 deaths or 1 in every 5 deaths each year (CDC 2009b,c). Pre-
vention of smoking initiation and cessation of smoking have become the
national objectives to reduce morbidity and mortality and lower medical costs.

Indeed, over the past 30 years, there has been a substantial decline in
the proportion of adult smokers across all sociodemographic sub-populations.
From 1955 to 2007, U.S. cigarette smoking rates fell from 57 to 22 percent in
men and from 28 to 17 percent in women, with an overall rate of 20 percent
for both genders in 2007 (Giovino et al. 2009). The last decade saw the small-
est declines in cigarette smoking rates. CDC analyzes data from the 2008
National Health Interview Survey (NHIS) which indicate that during 1998
2008, the proportion of U.S. adult smokers declined by 3.5 percentage points
—from 24.1 to 20.6 percent.

The declining prevalence of cigarette smoking among adults has been
attained by banning smoking in the workplace (Evans, Farrelly, and Mont-
gomery 1999), restaurants and bars (ABC News, World News Tonight 2005),
intensive anti-smoking campaigns in the media (Flynn et al. 1995), and tax
increases (USDHHS 2000). Although the overall health benefits of quitting
smoking are unquestionable, the opposite trends of obesity and smoking in
the United States have raised an important concern about an unintended effect
of anti-smoking policies on obesity rates. Chou, Grossman, and Saffer (2004,
p- 585) claim that rising obesity is an example of “the price that must be paid
to achieve goals that are in general favored by society.” Indeed, the association
between smoking and body weight has become a central issue in the obesity
literature, but the accumulating evidence is conflicting.

In this study, we investigate whether quitting smoking leads to increas-
ing body weight and to what extent. We compile data for current and former
smokers (i.e., quitters) from the 2004-2005 and 2009—2010 Behavioral Risk
Factor Surveillance Survey (BRFSS). The vehicle for our analysis is the treat-
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ment effect model (Barnow, Cain, and Goldberger 1980). To quantify the
effect of smoking cessation, we calculate treatment effects for sub-samples of
individuals. Our goal is to examine whether smoking cessation affects body
mass index (BMI) differently by gender, between age groups, and among indi-
viduals with different lengths of time since quitting smoking.

LITERATURE

Much research has been conducted using the National Health and Nutrition
Examination Survey (NHANES) data. Albanes et al. (1987) investigate the
association between smoking and body weight using NHANES II. They find
that cigarette smokers weigh less and are leaner than nonsmokers, and
ex-smokers are not heavier or fatter than nonsmokers. Flegal et al. (1995)
employ data from phase 1 of NHANES III (1988-1991) and conclude that
smoking cessation is associated with a small increase in the prevalence of over-
weight, although the effect was much larger among smokers who had quit
within the past 10 years. Using more recent (1999-2002) NHANES data, Fle-
gal (2007) finds that even substantial decreases in cigarette smoking have only
a small effect, generally less than 1 percent, on increasing the prevalence of
obesity and decreasing the prevalence of healthy weight in the population.
Earlier evidence of the link between smoking cessation and weight gain
includes Coates and Li (1983), Manley and Boland (1983), Klesges et al.
(1989), Shimokata, Muller, and Andres (1989), Moffatt and Owens (1991),
Williamson et al. (1991), Klesges et al. (1997, 1998), Froom, Melamed, and
Benbassat (1998), Mizoue et al. (1998), Froom et al. (1999), and Hudmon
et al. (1999).

The main limitation of the above studies is that inferences are potentially
biased by unmeasured factors that simultaneously affect smoking or quitting
and body mass. If, for example, unobserved personal traits induce individuals
to smoke and consume more calories, the estimated effect of smoking on body
weight will be biased unless endogeneity of the smoking decision is accounted
for. The absence of a mechanism in modeling endogeneity of smoking has
challenged researchers attempting to confront it in various ways.

O’Hara et al. (1998) estimate weight gains associated with smoking ces-
sation in the Lung Health Study (1986-1994), a clinical trial which random-
ized smokers into a control group and an intervention group who received
12 weeks of behavioral intervention. Eisenberg and Quinn (2006) update the
estimated weight gain upward using participation in the intervention program



Smoking Cessation and Body Weight 1583

as an instrument. Main limitation of their analysis is lack of individual-level
data, which would allow calculation of standard errors for the instrumental-
variable (IV) estimates. Fang, Ali, and Rizzo (2009) study the relationship
between cigarette smoking and obesity using data from the 2006 China Health
and Nutrition Survey and an I'V estimation procedure to control for endogene-
ity. They find a moderately negative relationship between cigarette smoking
and BMI. Their quantile regression estimates reveal a weak association
between smoking and BMI among subjects at the high end of the BMI distri-
bution, but the association is considerably stronger among subjects in the
healthy weight range. Chen, Yen, and Eastwood (2007) examine the relation-
ship between smoking and BMI employing a simultaneous-equation system
allowing for censoring and endogeneity of cigarettes smoked. They claim that
the negative relationship between smoking and BMI reported in the literature
is attributable to simultaneity and should be interpreted with caution. A short-
coming of the study is lack of identification strategy, as no instrument is used
in the cigarette smoking equation, which may have contributed to statistical
insignificance of the effect of smoking on BMI, despite the OLS estimates sug-
gesting otherwise.

Another line of research uses data from the BRFSS (1984-1999) to esti-
mate how much of the trend in obesity is explained by state-specific factors,
including the price/tax of cigarettes. Chou, Grossman, and Saffer (2004,
2006) employ a state fixed effects model to estimate the impact of cigarette
price on BMI. Results link the upward trend in obesity to declining smoking
rates. Gruber and Frakes (2006), who control for the effects of unmeasured
time-varying variables with time dummies instead of a time trend, criticize
findings by Chou, Grossman, and Saffer (2004, 2006) on the grounds that the
state-specific price of cigarettes is endogenous as it may be driven by market
factors, which affect both smoking and eating. They use an alternative price
variable, state excise tax on cigarettes, and obtain a strikingly different result
from that of Chou, Grossman, and Saffer (2004, 2006)—a negative relation-
ship between cigarette tax and BMI implying that reduced smoking lowers,
rather than raises, body weight. The estimated effects in both of these studies
are, as Gruber and Frakes (2006, p. 194) suggest, “implausibly large.” Gruber
and Frakes (2006) find that individuals who quit smoking are 56 percent less
likely to be obese, while smoking one fewer pack of cigarettes per day lowers
the odds of obesity by 40 percent. The results of Chou, Grossman, and Saffer
(2004, 2006) are also enormous, but in the opposite direction. These mixed
results reported in the literature call for a more in-depth analysis of the effects
of quitting smoking on body weight. In this study, we take a slightly different
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approach from that of Chou, Grossman, and Saffer (2004, 2006) and Gruber
and Frakes (2006)—we investigate the role of quitting smoking directly, rather
than by way of cigarette prices or tax which determine smoking, in weight
changes by estimating a treatment effect model commonly used in program
evaluation.

CONCEPTUAL FRAMEWORK

Our empirical specification is motivated by a simplified consumer utility maxi-
mization theory, similar to that in Yen, Chen, and Eastwood (2009), Philipson
and Posner (2003), and Schroeter, Lusk, and Tyner (2008). Conditional on
socio-demographics, lifestyle, and environmental factors such as state regula-
tions on smoking in public places, an individual derives utility from body
weight and levels of food, cigarettes, and other goods consumed. Body weight
is a function of food and cigarettes consumed, conditional on socio-demo-
graphic and lifestyle variables. Then, maximizing the utility function subject to
an income constraint produces the equations estimated in this study: an opti-
mum weight equation along with a cigarette smoking equation that is endoge-
nous to the system. Instead of smoking, we estimate a binary quitting equation.
Prices of food are not available, but regional and intertemporal variations in
food prices are reflected in the regional and state variables used (discussed
next). Price of cigarettes is an important variable and, drawing on Gruber and
Frakes (2006), we use state excise tax on cigarettes as a proxy for price.

METHOD
Econometric Model

Treatment effect models have a long history of uses in program evaluation
(Barnow, Cain, and Goldberger 1980). The model features a binary endoge-
nous (treatment) variable d; for quitting smoking (henceforth, “quitting”) by
individual 7, which is modeled as probit

=1 if Zo+u>0 0
=0 if za+tu<0

and appears as a regressor in the outcome equation for BMI (y,):

log y; = X,f+ 6 di + v; 2)
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In (1) and (2), z;and x; are vectors of explanatory variables, o and f§ are
vectors of parameters, J is a scalar parameter, and the error terms (u,,) are
distributed as bivariate normal with zero means, variances (1,6%), and correla-
tion p. The log-transformed dependent variable ameliorates potential nonnor-
mality and heteroscedasticity of the error term (Yen and Rosinski 2008). Apart
from the logarithmic transformation of y; (1) and (2) represent the recursive
model with qualitative and continuous variables considered by Maddala and
Lee (1976, p. 527).

To investigate the differentiated effects of length of time since quitting
smoking (henceforth, “quit length”) on BMI, the treatment parameter o is
parameterized as a linear function of quit-length dummy variables w; (with
parameter vector 7):

o = wjy (3)

This specification amounts to interacting the dummy endogenous vari-
able d; with w;. The model can be estimated by a two-step or maximum-likeli-
hood (ML) procedure (Maddala and Lee 1976, pp. 527-529). We use the more
efficient ML procedure, by maximizing the logarithm of the sample likelihood
function for an independent sample of n observations (Maddala and Lee 1976,
p-528)

g

1 B — dw'n
L_Hyilo_l(p(logyl xzﬁ dlwz)))
i=1

x @

(2d; — 1) qua +p (1089’1 - xz/ﬁ - diw:‘?)/o-
’ (1)

where ¢(*) is the probability density function and ®(-) is the cumulative distri-
bution function, both of the standard normal distribution. The hypothesis of
exogenous treatment amounts to the parametric restriction of zero error corre-
lation (p), under which the exogenous model can be estimated by separate
probit for (1) and OLS for (2) treating the quitting variables w; as exogenous.
This nested hypothesis can be tested with a standard procedure such as likeli-
hood-ratio (LR), Lagrange multiplier (LM), or Wald test (Engle 1984).

Effects of quitting at different lengths on BMI can be calculated from the
means of BMI conditional on smoking and quitting (Yen and Rosinski 2008):

E(yi|d; = 0;0, B, 0, p) = exp(x/B + 6*/2) D[~ (5o + po)] /D(—z/a)  (5)
E(yild; = 1;0, ,0,p) = exp(x/f + wy + 0°/2) ®(z)a + pa) /D(z]e)  (6)
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The average treatment effect (ATE) of quit-length category jis an esti-
mate of the expected gain from quitting for a randomly chosen individual in
that category (forj = 1,...,]):

ATE = n "> " [E(yilwy = 1;6, 8,7, 6,p) — E(yildi = 0;8,8,6,p)]  (7)
i=1

where (4, ﬁ, 7,6, p) are ML estimates for the corresponding parameters and
wij is the jth element in w; For statistical inference, standard errors of treat-
ment effects are calculated by the 6-method (Rao 1973, p. 388).

Data and Sample

Our dataset contains individual-level information on BMI, smoking and
quitting, education and income levels, lifestyle, and employment status
from the 2004-2005 and 2009-2010 Behavioral Risk Factor Surveillance
System (BRFSS). The BRFSS is implemented with collaborative effort of
the CDC and state health departments. Interviewees were randomly
selected to represent U.S. civilian, noninstitutionalized adults age > 18.
We use the core component of BRFSS questionnaire, which consists of a
standard set of questions including queries about current health-related per-
ceptions, conditions, and behaviors (e.g., health status, diabetes, health
insurance, and tobacco use) as well as demographics. An important focus of
the investigation was the effect of quitting smoking, with different quit
lengths, on BMI changes. Therefore, choice of the sample years was dic-
tated by responses to an important question: “About how long has it been
since you last smoked cigarettes regularly?,” with a response ranging from
less than 1 month to 10 years or longer. Such information was collected for
2004 and 2005, suspended for 2006-2008, and available again for 2009—
2010. The original survey contained 1,215,314 observations from 2004—
2005, 2009, and the first half of 2010.! We focus on current and former
smokers, so individuals who had never smoked cigarettes are excluded, as
are observations with missing values in important explanatory variables.
Also excluded are individuals from Guam, Puerto Rico, and Virgin Islands,
pregnant women, and those who “don't know,” “refuse to answer,” or had
BMIs exceeding six standard deviations above the mean. Restricting the
sample to individuals age 18-64 leads to 349,000 observations for analysis.
Note that although we use an unusually large sample from multiple years of
BRFSS, it is not possible to construct a panel. A panel sample would allow
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examination of the dynamics of smoking, quitting, and accompanying
weight changes.

To identify the model parameters and treatment effects, our IV for quit-
ting is a cigarette tax variable.” The Tax Burden on Tobacco (Orzechowski
and Walker 2010) provides state-level data on excise taxes of cigarettes. We
use the yearly data along with dates of changes in taxation rate to construct
monthly state cigarette taxes. These state tax data are merged to the BRFSS
sample by state of residence and month (interview time). Over 2004-2010,
average state excise tax increased from 73 to 136 cents per pack, the largest
increases observed in Wisconsin and Rhode Island (175 cents). Connecticut,
Washington, and Rhode Island had the highest cigarette tax rates in 2010
(300, 302.5, and 346 cents), while South Carolina, Missouri, and Virginia had
the lowest (7, 17, and 30 cents, respectively). These dramatic differences in cig-
arette taxes among states and the sharp increase in average tax rate over a
short period ensure enough variation in our identification variable. In addi-
tion, dummy variables for eight regions (reference = Pacific) are included in
the quitting equation and 50 states (reference = Minnesota) in the BMI equa-
tion.?

The outcome variable, BMI, is a primary measure of obesity and is cal-
culated as weight in kilograms divided by height in meters squared (kg/m?).
As weight and height in the BRFSS are self-reported, bias is likely to arise.
Cawley (2004), however, finds no discernible differences between results from
using self-reported and predicted BMlIs, in a different context, viz., effects of
obesity on wages. The other endogenous variable is a binary indicator indicat-
ing whether the individual had quit smoking. Technically, quitters are individ-
uals who had smoked at least 100 cigarettes in their entire lives and their
answer to the question “Do you now smoke cigarettes every day, some days,
or not at all?” is “not at all.”* As noted above, this potentially endogenous
dummy indicator is interacted with dummy variables indicating seven catego-
ries of quit length (see Table 2; and online tables), which allow calculation of
the effects of quit length on BMI.

We perform the analysis dividing the sample into three sub-samples for
each gender: “young females” (age 18-40), “middle-aged females” (41-55),
and “old females” (56-64); and likewise for males. Average BMIs are 26.82
(26.99) for young female (male) smokers and 26.90 (28.00) for young female
(male) quitters. Average BMIs are only slightly different among old female
(26.78) and male (27.23) smokers, but notably higher among the old female
(28.60) and male (29.07) quitters. About 39.2 percent (40.8 percent) of the
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young females (males) are quitters. The percentage of old females (males) who
quitis 63.8 percent (69.7 percent).

The definitions and sample statistics of all variables are presented in
tables in the online appendix and we summarize key figures. There are nota-
ble differences in the explanatory variables between smokers and quitters
across the six sub-samples. For example, among young males, average house-
hold incomes are $47,866 for smokers and $65,531 for quitters.‘5 Among old
males, 9 percent of smokers reported excellent health compared to 16 percent
of quitters. In the old female sample, the percentage of college graduates is 18
percent among smokers and 35 percent among quitters. Among young
females, 42 percent of smokers and 63 percent of quitters and are married.
Remarkable differences are also seen on employment, race, age, and health
coverage.

State cigarette taxes for quitters are higher than that for smokers. For
instance, young female smokers reside in states that tax cigarettes at an aver-
age of $0.97 per pack and young female quitters in states with average tax rate
of $1.10. Importantly, with a coefficient of variation of over 65 percent for all
samples, the data provide ample variations in the tax rate variable to explain
the quitting decision.

RESULTS
Model Estimation

We estimate the treatment effect model for the six samples by ML method.
We estimate the log-transformed model and find it preferable to the untrans-
formed alternative (not reported) for each sample using a nonnested specifica-
tion test.

One important empirical issue relates to uses of valid IVs (viz., proper
exclusion restriction[s]) to identify the model parameters and treatment
effects. For IV estimation, parameter identification requires at least one vari-
able that is correlated with the endogenous variable, uncorrelated with error
term of the outcome equation, and does not affect the outcome conditional on
its regressors (Angrist, Imbens, and Rubin 1996). For ML estimation of the
current model, however, nonlinear identification criteria are met without
exclusion restrictions owing to distributional assumption of the error terms.
Nonlinear functional form inherent in the distributional assumption, however,
often fails to generate sufficient variation to identify the model parameters so
it is capricious to rely solely on distributional assumptions for identification.
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To avoid over-burdening the nonlinear functional form for parameter identifi-
cation, we impose exclusion restrictions. Specifically, a state cigarette tax vari-
able, discussed above, is included solely in the quitting equation since there is
no a priori expectation that it would directly affect BMI. French and Popovici
(2011, p. 137) note that cigarette taxes are “by far the most popular IV used in
the literature to estimate the effects of smoking on ... health” (Mullahy and
Portney 1990; Leigh and Schembri 2004) and adult obesity (Rashad 2006),
and that they “prove to be excludable from the structural equation for a vari-
ety of dependent variables.” Also included uniquely in the quitting equation
are dummy variables indicating regions.

Validity of these IV is supported by testing for their joint significance in
the quitting equation, estimated separately by ML method for the purpose of
these tests. The hypothesis of weak instruments, for cigarette tax separately
and jointly with the regional dummies, is rejected by likelihood-ratio (LR)
tests, at the 1 percent significance level for all but the old males sample
(Table 1). For this old males sample, the tax rate variable turns significant
when regional variables are excluded from the quitting equation. This result
provides a guidance for our estimation of the treatment effect model for old
males, viz., for which regional variables are excluded from the treatment equa-
tion.® The above test for weak IVs is similar in spirit to that of Staiger and
Stock (1997) for a more conventional model; also see French and Popovici
(2011). We then test for exogeneity of quitting, and the results are also

Table 1: Likelihood-Ratio Tests for Weak Instrument(s) and Exogenous
Treatment

Weak Instrument: Tax Weak Instruments: Tax
Rates Rates and Regions Exogenous Treatment

Sample LR@f= 1)  p-value LR(df= 8)  p-value LR(df=1)  p-value
Females

Age 18-40 6.77 0.009 453.21 <0.001 133.84 <0.001

Age 41-55 425 0.039  503.65 <0.001  926.95 <0.001

Age 56-64 5.91 0.015 184.57 <0.001 920.91 <0.001
Males

Age 18-40 6.69 0.010 224.23 <0.001 137.78 <0.001

Age 41-55 4.69 0.030  208.31 <0.001 756.66 <0.001

Age 56-64 (a) 0.43 0.512 81.06 <0.001  625.53 <0.001

Age56-64 (b)  26.86 <0.001 622.44 <0.001

Note. For males aged 56—64, regional variables are included in the treatment equation for specifica-
tion (a), but excluded in specification (b). The latter is the preferred specification for the sample.



1590 HSR: Health Services Research 47:4 (August 2012)

presented in Table 1. The hypothesis of exogeneity (p = 0) is rejected by LR
tests, with p-values <0.001 for all samples.”

ML estimates of the treatment effect model are presented in Table 2 for
females and Table 3 for males. Cigarette tax, our key instrument, is significant
at the 5 percent level for middle-aged males and females, and at the 1 percent
level for all other samples.

The quit-length variables are mostly significant in the middle-aged and
old-age samples, both females and males, whereas such significance is sparser
in the young females and young males samples, obviously due to the some-
what restricted range in quit length (due to age) among some of the young indi-
viduals. Due to the large sample sizes, most other explanatory variables are
overwhelmingly significant in all samples with few exceptions. The error cor-
relation is significant at the 1 percent level for all samples, implying presence
of unobserved factors that affect both quitting and BMI. Significance of the
error correlation is consistent with results of the LR test for exogeneity above,
confirming endogeneity of quitting. The effects of explanatory variables on
the probability of quitting and on BMI conditional on smoking and quitting
status are explored further by calculating marginal effects, and results are pre-
sented in online tables.

Effects of Quitting Smoking on BMI

We calculate ATEs of quitting on BMI for females and males by quit-length
categories and also by BMI categories. Each ATE is an estimate of the
expected gain in BMI for a randomly chosen individual in the defined BMI
and quit-length category. We find ATEs vary relatively little by BMI category
(figures and tables available online) compared with variations across quit-
length categories. We therefore focus our discussion on ATEs by quit length.
The results are presented in Table 4 and Figure 1. All ATEs are positive and
significant at the 5 percent significance level or lower for both females and
males with two exceptions. With very few exceptions (in males age 41-55), all
estimated effects are greater than raw mean differences, notably so in many
cases.

For young females, BMI increases by 0.62 (or 2.31 percent) within
1 month after quitting smoking. Such BMI change increases by the maximum
level of 1.40 (5.21 percent) between 3 and 6 months, and increases by a
decreasing rate beyond 6 months. This pattern of BMI changes is also found
in young males (with maximum increase realized at 1-5 years after quitting),
middle-aged females and males (maximum at 5-10 years), and old females
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Table 4: Average Treatment Effect Estimates of Quitting Smoking on Body
Mass Index (BMI) by Quit Length

Quit Length: Time Since Quitting Smoking

Sample <7 -3 3-6 6 months -5 5-10 > 70
Sample Size month months months —1 year years years years
Females
Age 55,817  0.62*%*  (.52%* 1.40%%*  1.37%*  (.87%*%  (.80%** 0.62%**
18-40 (0.28) (0.25) (0.27) (0.21) (0.10) (0.12) (0.11)
[0.61]*  [0.33] [L3O]** [L26]*** [0.48]** [0.22]*  [-0.12]
Age 83,747  1.19***  1.25%** 1.32%%%  143%%  1.96%FF Q. 9]%* 1.88%***
41-55 (0.26) (0.25) (0.24) (0.20) (0.10) (0.10) (0.06)

[0.62]%  [0.81]***  [0.53]**  [0.01]%* [1.24]*** [L30]***  [1.24]**
Age 51485  LI2F  104%F 1340 Q88 [ 8OFE Q39w Qg

56-64 (0.39) (0.29) (0.30) (0.23) (0.11) (0.12) (0.07)
[0.96]** [0.54] [LOSI¥*  [0.65]%*  [LAS]** [L71[***  [1.34]***

Males

Age 43,447  0.69%*  0.95%** 0.54%%* 0.96%** 1.13*** 1.02%** 0.76%**

18-40 (0.25) (0.23) (0.21) (0.18) (0.09) (0.11) (0.10)

[0.62]* [0.81]**  [0.53]** [0.91]*** [L.24]** [L30]**  [L.24]**
Age 65819 046% 133" 12075 1370 [6QFE |84 ] 64%

41-55 (0.24)  (0.26) 022)  (0.18)  (0.09)  (0.09) (0.05)

[0.11]  [LALP™  [LII*™*  [L49]*** [L55]™* [L58]**  [1.27]***
Age 48,685 0.73% 081 026 LOO**  L68*==*  900%* 2,03+
56-64 (035  (0.28) 029)  (0.21)  (0.10)  (0.11) (0.06)

[027]  [0.45]  [-0.16]  [0.66]=* [L.27]*** [L65]** [L36]**

Note. Asymptotic standard errors in parentheses, and observed differences in brackets. Asterisks
indicate levels of significance:
**%100, **5%, *10%.

and males (maximum at over 10 years). Overall, across all age groups, BMI
increases as soon as quitting occurs, although the magnitudes of increases are
initially rather limited, at a greater magnitudes 3 months or longer after quit-
ting. The largest BMI increase in seen in old females, at an increase of 2.69
points (9.63 percent) over 10 years after quitting smoking.

The effects of quitting on BMI differ notably between genders and age
groups. For instance, between 1 and 3 months after quitting, BMI increases
by 0.52 (1.94 percent) among women age 18-40, 1.25 (4.53 percent) among
women age 41-55, and by 1.04 (3.72 percent) among women age 56—64. The
corresponding BMI increases are 0.95 (3.47 percent), 1.33 (4.69 percent), and
0.81 (2.84 percent) among males. Such differences across age groups are also
seen in the other quit-length categories. Beyond 5 years after quitting, such
differences among age groups become very pronounced. For instance,
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Figure 1: Effects of Quitting Smoking on Body Mass Index (BMI) across
Gender and Age Groups
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between 5 and 10 years after quitting, the ATEs ranging from 0.80 (2.98 per-
cent) for young females to 2.32 (8.30 percent) for old females are remarkably
higher than the corresponding estimates within 1 month after quitting, which
range from 0.62 (2.31 percent) to 1.12 (4.01 percent).

In sum, our results contribute to the large body of existing literature and
echo recent findings by Eisenberg and Quinn (2006) from a randomized
smoking cessation trial that smoking cessation contributes to body weight.
Overall, we find that quitting smoking increases BMI, that the effect increases
with length of time since quitting, and that the effects are generally more pro-
nounced among females than males age > 41.

CONCLUSION AND DISCUSSION

In this study, we investigate the association between smoking cessation and
body weight by addressing endogeneity of the former. Treating a potentially
endogenous treatment as exogenous entails the risk of unmeasured or immea-
surable variables confounding the estimates of the true causal effect of
treatment on outcome. Such unobserved factors may relate to genetic or
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environmental influences that make quitters more or less prone to weight gain,
thus producing upward or downward biases in estimation of the treatment
effect. By endogenizing quitting, the treatment effect model used in this analy-
sis controls the unobserved confounders which might affect both quitting and
BMI and can produce unbiased estimates for the model parameters and
effects of quitting smoking on BMI. The information on quit length is particu-
larly useful in uncovering its differentiated effects on BMI changes. Our treat-
ment effect estimates indicate that the gain in BMI from quitting is higher than
the raw mean difference, and that the effect differs by gender, between age
groups, and by length of time since quitting smoking.

Health professionals treating former smokers are concerned about the
adverse weight increasing effects of smoking cessation, especially among over-
weight and obese patients. Our estimates suggest that declining smoking rates
have only a modest effect in the overweight population. An increase in BMI
by 1.32 units (4.78 percent), among middle-aged females with an average
height in the overweight group 3-6 months after quitting, for instance, trans-
lates into a 3.55 kg increase in weight. A middle-aged male with average
height and the sample quit length of 3-6 months experiences a 1.2 point (4.23
percent) increase in BMI, which translates into a 3.83 kg increase in weight. A
middle-aged woman experiences the maximum increase of 2.21 BMI points
(8.02 percent) 5-10 years after quitting, which amounts to a 6 kg increase in
weight. The effects of quitting on BMI are considerably lower among younger
men and women.

We conclude that the price that must be paid, in terms of weight gain, to
enjoy the health benefits of smoking cessation is trivial even for the obese pop-
ulation. This postcessation weight gain could be prevented with programs
aiming at promoting physical activity in combination with nicotine replace-
ment therapy (Parsons et al. 2009).
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NOTES

1. Cigarette taxes (discuss below) for 2010 are available only for fiscal year ending June
30. Therefore, only the first half (N = 52,359) of the BRFSS 2010 sample is
included.

2. We also compiled prices of cigarettes, but drawing on Gruber and Frakes (2006), the
cigarette tax variable is used instead. During preliminary analysis with BFRSS 2004
—2005, we also utilized state-level variables reflecting smoke-free air (SFA) protec-
tion at standing bars and shopping malls. These variables would have been good
identification variables for the treatment equation, but they are not available for
2009-2010.

3. Preliminary attempt to also include state dummy variables in the quitting equation
was unsuccessful due to multicollinearity among these variables, tax rates, and SFA
variables.

4. The 100 cigarettes question has been used consistently in the BRFSS as well as most
other multi-purpose health surveys, including the NHIS, NHANES, and the
tobacco supplement of the Current Population Survey. In 1994, the CDC (1994) for-
mally included the 100 cigarette question as a criterion for lifetime and current
smoking; also see Bondy et al. (2009).

5. Income is proxied by the midpoint of one of eight reported income categories. For
respondents in the highest income open-ended category (> $75,000), a Pareto esti-
mate ($124,036) is used (Henson 1967; Parker and Fenwick 1983).

6. Parameter estimates and treatment effect estimates are nearly identical to the third
decimal places with or without regional variables in the treatment equation. These
additional estimates are available upon request.

7. Wald test and Lagrange multiplier test produced nearly identical results for both
weak instruments and exogeneity.
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