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ABSTRACT
Smokers who successfully quit smoking gain weight; although important
factors have been identified the mechanisms remain unclear. We measiured changes in
body weight, fat distribution, and dietary intake of macronutrients during a 26 week
smoking cessation trial with the use of nicotine and placebo patch in a Hispanic
sample of smokers (88% Mexican-American). Participants were randomized to
receive patch treatment for 10 weeks and then followed for 16 weeks. We found that
nicotine treated quitters experienced significantly less weight gain than placebo treated
quitters at 6 weeks; however by 26 weeks, there were no significant differences among
treatment groups. We found that percent total body fat (%TBF) for nicotine treated
female quitters changed significantly less than for placebo treated female quitters at 10
weeks (p<0.05); there were no treatment differences in change in %TBF for males at
10 weeks. Male and female quitters experienced significantly less change in %TBF at
26 weeks than continued smokers (adjusted for treatment). Dietary intake of total
energy, percent of total energy consumed as fat, protein, and carbohydrate were not
significantly different by treatment group fi-om BL for males or females. Thus,
although body weight increased significantly in quitters versus non-quitters; dietary
intake of macronutrients did not change significantly firom BL for quitters and nonquitters. This suggests that factors other than changes in energy intake are responsible
for the weight gain observed in this sample of Hispanic ex-smokers.
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CHAPTER 1
INTRODUCTION
1.1 Explanation of the Problem and its Context
Epidemiological research has shown that cigarette smoicing is associated with
lower body weight even when controlling for race, gender, and socioeconomic status.
Indeed, many smokers claim to smoke because of the potential for weight reduction
(Grunberg, 1982; Klesges et al., 1989; US DHHS, 1988). Although approximately
80% of smokers who successfully quit smoking gain weight, most experience a
minimal weight increase of 2-4 kg (4-10 lb.) within 6 months of cessation
(Tuomilehto et al., 1986; Rodin, 1987; KJesges et al., 1989, US DHHS, 1990).
Indeed, very few successful quitters gain an excess of 20 pounds; thus, the associated
weight gain seems to pose a minimal health risk for most ex-smokers. Although there
may be several factors contributing to weight gain, there is evidence that higher initial
body weight and greater pre-cessation smoking rates are important determinants
(Williamson et al., 1991; Emont & Cummings, 1987; Hall et al., 1986). Pre-cessation
smoking characteristics (e.g., number of prior quit attempts and level of nicotine
dependence) have the potential to enhance our identification of those smokers who are
more susceptible to weight gain with cessation. These factors are important since
many current smokers have reported fear of weight gain with smoking cessation
(Gross et al., 1989; Gritz et al., 1989); this fear coupled with a small weight gain
following cessation may "confirm" this fear and promote relapse to smoking (Rodin &
Wack, 1984; Gritz et al., 1989; Klesges et al., 1989, US DHHS, 1990).

Moreover,
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other potential modulating factors (e.g., gender, ethnicity, diet, and obesity) that may
influence the likelihood of weight gain upon cessation should be evaluated.
It has been observed that nicotine replacement prevents or delays weight gain
with cessation (Gross et al.,1989; Leischow et al., 1992). However, few studies have
evaluated how nicotine delivered transdermally effects botii weight and body
composition changes, or caloric intake of specific macronutrients. Nicotine has been
shown in some studies to exert a chronic suppression of appetite (Gritz et al., 1989)
and also to increase the resting metabolic rate (Dallosso & James, 1984). Thus, it is
reasonable to expect that nicotine replacement administered upon smoking cessation
may lessen the subsequent weight gain; however, this has primarily involved use of
nicotine gum rather than nicotine patch (Gross, Stizer, and Maldonado, 1989;
Leischow et al„ 1992, Fagerstrom, 1987). The caveats are that the weight suppression
has mostly been seen for heavy smokers and for "frequent users" (Fagerstrom, 1987;
Leischow et al., 1992; Gross, Stitzer, & Maldonado, 1989). A minimum number of
trials have reported the amount of weight gained in studies evaluating the efficacy of
nicotine patch on smoking abstinence (Fiore et al., 1994; Tonnessen et al., 1991;
Transdermal Nicotine Study Group, 1991; Mulleret al., 1990).
The main objectives of this study are to describe weight changes, body
composition changes (i.e., waist and arm circumferences and measures of fat
patterning), and changes in macronutrient nutritional status from pre-cessation levels
as potential outcomes of smoking cessation with and without the use of nicotine patch
in a sample of Hispanic smokers living in Arizona. In general, the number of Hispanic
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participants in previous smoking cessation clinical trials has not been large enough to
obtain reliable estimates of the impact of quitting smoking on weight gain or changes
in dietary intake of energy and other nutrients. The pre-quit smoking characteristics of
Hispanics (e.g. number of cigarettes smoked per day, previous quit attempts, number
of years smoking) will be evaluated as potential significant factors associated with
these outcomes of smoking cessation. Determining the role of nicotine patch
treatment in weight changes, fat patterning, and nutritional status among Hispanics
who successfully quit smoking will provide additional information regarding ethnic
differences upon cessation of smoking with the use of the nicotine patch, and factors
that may influence nicotine patch use and quit rates for this group.
This proposed project will address the unanswered questions: I) What is the
effect of quitting smoking with or without nicotine patch and subsequent smoking
status on weight gain; 2) What is the effect of using nicotine patch and smoking status
on change in percent total body fat, regional body fat distribution, and arm and waist
circumference with attempted smoking cessation; 3) What is the time frame for weight
gain and body composition changes after quitting smoking; 4) What is the effect of
nicotine patch use and subsequent smoking status on changes in dietary intake of
macronutrients; and 5) Which pre-quit smoking characteristics are significant
determinants of weight gain, body composition changes, and changes in dietary intake
of macronutrients following smoking cessation in Hispanics?

13

1.1.2 Study Hypotheses
We hypothesized that I) quitting smoking would result in significant weight
gain during treatment (6 and 10 weeks) and 16 weeks post-treatment compared to
those who were unsuccessful in quitting smoking; 2) nicotine replacement would
suppress weight gain for those who were successful at quitting smoking compared to
successful quitters who received the placebo treatment during treatment; 3) at 26
weeks (16 weeks post-treatment) there would be no significant weight differences
between treatment groups; 4) successful quitters regardless of treatment would
significantly increase %TBF, waist and arm circumferences, and skinfold thickness
compared with non-quitters; 5) quitting smoking with the use of nicotine replacement
would suppress the gain in %TBF and waist and arm circumferences compared to
successful quitters who received the placebo patch treatment during treatment; 6) at
26 weeks (16 weeks post-treatment) there would be no significant differences in
%TBF and waist and arm circumferences between treatment groups among successful
quitters; 7) successful quitters regardless of treatment would not significantly increase
their upper-body or central body fat distribution pattern from pre-cessation as
evidenced by the changes in the conicity index (C-index), changes in waist
circumference, and/or changes in subscapular-to-triceps skinfold thickness ratio (STR)
compared v/ith non-quitters; 8) both successful quitters and continued smokers would
increase their intake of total energy firom pre-cessation as a result of making a quit
attempt; however, successful quitters would experience a greater increase in total
energy intake compared with continued smokers; 9) successful quitters would increase
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their intake of high carbohydrate foods, total fat, and intake of total sugar from precessation compared with continued smokers; 10) successful quitters would increase
their alcohol consumption as a percentage of total energy compared with non-quitters;
and 11) the delivery of nicotine would not significantly suppress the increase
macronutrient intake in successful quitters compared with placebo successful quitters.

1.2 Literature Review
1.2.1 Hispanics Smoking Rates and Disease Risk
Reports based on the Hispanic Health and Nutrition Examination Survey
(HHANES) reveal an increase in smoking prevalence for the Hispanic population
living in the United States (Haynes et al., 1990). However, prevalence rates continue
to be lower for Hispanics overall than for some other ethnic groups; data from the
National Health Interview Surveys (NHIS) indicate that 20.2% of Hispanics, versus
25.5% of non-Hispanic Whites, and 29.1% of Blacks currently smoke (NHIS, 1995).
NHIS data indicate that Hispanic males smoke more than non-Hispanic males (30.9%
vs. 28.2%), although smoking prevalence for Hispanic females (16.3%) is reported to
be lower than non-Hispanic females (23.4%) (NHIS, 1995). However, there is
evidence that smoking prevalence is increasing for Hispanic females, especially those
females that have been identified as "more acculturated" into the US population
(Palinkas et al., 1993).
Smoking related illnesses, such as lung cancer and chronic obstructive
pulmonary disease, have primarily been reported in non-Hispanic White and Black
smokers, and less often among Hispanic smokers. However, there is reason for
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concern within the Hispanic community, as an increase in prevalence of lung cancer
and chronic obstructive pulmonary disease has been reported for Hispanic males in
New Mexico (Samet et al., 1988). In addition, several studies report that Hispanics do
not utilize preventive health services as readily as the non-Hispanic population in the
United States; thus, smoking related illnesses may be diagnosed at a later stage of
development in this population (Solis et al., 1990; Marks et al., 1987). One of the
strongest predictors of morbidity and mortality is socioeconomic status (Winkleby et
al., 1995); several of the established risk factors for disease and initiation of smoking
are present in the Hispanic population, such as lower education, lower income, higher
rates of unemployment, and lower utilization of preventive health care services. In
addition, ethnic differences are apparent in social factors related to smoking
(Winkleby et al., 1995; Palinkas et al., 1993), and in reported attitudes about quitting
smoking (Palinkas et al., 1993; Martin et al., 1990). There is evidence suggesting that
Hispanics may not maintain the attitude that they are addicted to smoking, as readily
as non-Hispanic Whites (Martin et al., 1990).

1.2.2 Dietary Patterns and Nutritionally Related Diseases in Hispanics
Dietary information and nutritional status of Mexican Americans living in the
U.S. is limited to a few larger surveys (e.g., Hispanic Health and Nutrition
Examination Survey (HHANES)(1982-1984), San Antonio Heart Study (1980), and
the 1987 National Health and Interview Survey (NHIS)). The dietary information
collected from these surveys suggest that Hispanic diets differ from non-Hispanic
whites and Blacks. Results of the 1987 NHIS indicate that Hispanics have higher
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consumption of beef, dried beans, rice, fruits and juices than whites or blacks
(Patterson et al., 1995). Hispanics were found to be less likely to consume all meats;
whereas, blacks were found to be twice as likely as whites to eat fried fish and fried
chicken. In general, the 1987 NHIS survey found that Hispanic food choices were
lower in fat than either whites or blacks who consumed more cooking oils, snacks and
desserts. Block and Subar (1992) using the same data to estimate nutrient intake, also
found that the Hispanic diet was lower than blacks or whites in percent of energy
consumed as fat, especially saturated fat. Results of the HHANES revealed that
carbohydrate and protein intakes were higher among Hispanic groups compared with
those among non-Hispanics while total fat intakes were generally lower (Loria et al..
1995).
Results of the HHANES revealed that Hispanics living in the U.S. have high
rates of nutritionally related diseases including chronic diseases such as diabetes,
cardiovascular disease, and cancer. The US DHHS (1989) report on nutrition and
health suggests that the association of diet to chronic diseases such as diabetes plays a
significant role in explaining the excess mortality experienced by minority groups in
the U.S. Moreover, cietary imbalances coupled with the observation that Hispanic
males in the U.S. have similar smoking rates as non-Hispanic males, and that Hispanic
females are increasing their cigarette consumption, places Hispanics at an even greater
risk for the development of chronic diseases.
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1.2.3 Body Composition of Hispanics
Numerous studies indicate that Mexican Americans have more overall obesity,
centralized obesity, and upper-body adiposity in comparison with non-Hispanic
Whites (Haffoer et al., 1986; Ellis et al., 1997). Mexican-Americans also have a
higher prevalence of non-insulin-dependent diabetes, and higher triglyceride and lower
HDL-C levels than non-Hispanic whites (Stem et al., 1984; Gardner et al., 1984; Joos
et al., 1984). Moreover, the subscapular-to-tricep ratio (STR) and the waist-to-hip
(WHR) have been associated with high rates of non-insulin dependent diabetes, low
HDL-C levels, and high triglyceride levels in a sample of Mexican-Americans
(Haffher et al., 1986).

1.2.4 Smoking and Body Weight
Multiple studies indicate that cigarette smoking is associated with lower body
weight (Gordon et al., 1975; Wack & Rodin, 1982; Fehily, Phillips, and Yamell,
1984; Albanes et al., 1987; Klesges et al., 1989), after controlling for factors such as
socioeconomic status, race, and sex. The 1988 Surgeon General's report on the
evaluation of smoking and body weight found that current smokers weigh an average
of 3.23 kg (range 1.07-6.79 kg) less than nonsmokers. Additionally, those who initiate
smoking lose weight (Klesges & Klesges, 1988), and smokers who quit smoking gain
weight (Klesges et al., 1989, Hall, 1986, US DHHS, 1990). In fact there is evidence
that some smokers refrain from quitting due to fear of this weight gain (Gritz et al.,
1989), and that continued smoking serves as a weight-control strategy for some
smokers, especially college age women(Klesges & Klesges, 1988). It appears that for
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most ex-smokers cessation related weight gain is not a health risk; however, for those
who are at an increased risk for disease (e.g., obese persons, diabetics) an excess
weight gain may pose a serious health risk (Gritz et al., 1989).
Proposed hypotheses for weight gain following smoking cessation generally
revolve around energy balance models that propose a decrease in energy expenditure
and/or an increase in caloric intake upon cessation. A variety of investigations have
provided evidence for the relative contributions of mechanisms for the observed
weight gain (Hofsteetter, 1986; Perkins, 1992; Warwick & Busby, 1993). One model
suggests that current smokers experience an increase in energy expenditure mediated
either by an increase in resting metabolic rate (RMR) primarily due to increased
sympathoadrenal activation (Perkins, 1992) or by an increase in dietary induced
thermogenesis (DIT) compared with non-smokers (Rodin & Wack, 1984; Grunberg et
al., 1984). Resting metabolic rate has been shown to decrease among recent quitters
resulting in increased body weight (Dallosso & James, 1984; Glauser et al., 1970). A
second model posmlates that smoking cessation results in increased food consumption,
leading to excess total energy intake per day resulting in weight gain (Rodin, 1987;
BClesges et al., 1990, Grunberg, 1982; Klesges et al., 1989). Furthermore, this increase
in energy intake with cessation has been related to an increased consumption of foods
high in carbohydrate, fat, and sugar (Gross et al., 1989; Hall et al., 1989; KJesges et
al.,1990; Rodin, 1987, Perkins, 1990). It remains unclear whether specific nutrients
are consumed more due to changes in food preference (Gross et al., 1989; Spring et al.,
1991), since nicotine may have a direct effect in decreasing the palatability of certain
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foods (Grunberg, 1982; Redington, 1984). However, other studies have shown no
significant differences in total energy intake between smokers and recent quitters
(Fehily et al., 1984; Perkins, 1992).

1.2.5 Nicotine Replacement and Macronutrient Intake
It has been observed that nicotine replacement prevents or delays weight gain
with cessation (Gross et al.,l989; Leischow et al., 1992). Nicotine gum has been
evaluated specifically with weight change as the primary outcome (Leischow et al.,
1992, Gross et al., 1989); whereas, weight change has been a secondary outcome in
studies evaluating the efficacy of nicotine patch (Fiore et al., 1994; Tonnessen et al.,
1991; Transdermal Nicotine Study Group, 1991; Muller et al, 1990). The magnitude
of weight gain reported in these studies was from 0.1 kg to 3.8 kg for nicotine
recipients compared with 2.5 kg to 5.3 kg in placebo recipients at the end of
treatment. However, few studies have evaluated how nicotine delivered transdermally
effects caloric intake of specific macronutrients. If the administration of nicotine has
little impact on caloric intake than this would suggest that other components of
cigarettes affect energy intake and or metabolism.

1.2.6 Changes in Body Fat Distribution with Smoking Cessation
Body fat distribution is characterized by several parameters: the ratio of waist
to hip circumference (WHR), a measure of upper body fat versus lower body fat; the
ratio of subscapular-to-triceps skinfold (STR), a measure of central adiposity; and the
conicity index (C-index), a measure of body shape change from a cylinder to a cone ( a
"double cone"), with the addition of fat around the waist or abdomen. The C-index
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has an expected theoretical range of 1.0 (perfect cylinder) to 1.73 (perfect doublecone). This index is useful in comparing individuals with different height and weight
measurements, and does not require a hip circumference measurement. Studies have
shown that the C-index is comparable to the waist to hip ratio (WHR) as an indicator
of health parameters such as cholesterol, triglyceride, glucose, and insulin levels
(Larsson et al., 1984; Valdez et al., 1992).
Topography of body fat has been shown to be related to the risk of
cardiovascular disease, diabetes, and other chronic diseases (Van Itallie, 1985; Haffner
et al., 1987; Bjomtorp, 1988). These characteristics include body mass index, waistto-hip ratio (WHR), relative weight, muscularity, frame size, skinfold thicknesses at
various sites, and the overall pattern of subcutaneous fat distribution. For example,
Blair et al. (1984) found that the blood pressure of adults is more directly associated
with central rather than peripheral fat. Cigarette smoking, obesity, and distribution of
body fat have been associated with various diseases and risk factors for disease (Blair
et al, 1984; Lissner et al., 1992). Furthermore, smoking, obesity, and fat distribution
are themselves interrelated (Haffner et al., 1986; Jones et al., 1986). There are
minimal data on how smoking is related to the pattern of fat distribution, and how
smoking cessation may be related to body fat distribution (Comstock & Stone, 1972;
Shimokata et al., 1989, Lissner et al., 1992). Comstock and Stone (1972) found
significant increases in body weight and body fatness among successful quitters
compared to continued smokers. They also found that changes in body weight
correlated better with changes in subscapular skinfold thickness than with changes in

skinfold thickness in the triceps area. This is an important finding because fat
patterning has been determined to be an important determinant of HDL, triglyceride,
and HDL/total cholesterol ratio. Specifically, central body fat has been associated with
higher triglyceride levels, with stronger associations in Mexican Americans than in
non-Hispanic Whites (HafBier et al., 1986; Haffher et al., 1987). Shimokata et al.
(1989) found that the central body fat did not increase significantly with smoking
cessation, although participants experienced a mean weight gain of 2.6 kg.
It has been noted in other investigations that some of the potentially adverse
effects of weight gain with smoking cessation are mitigated by changes in lipid
profiles and in body fat distribution in a direction of improved health outcomes.
Stamford et al. (1986) studied the short-term effects of smoking cessation on
lipoprotein fractions. Among the women who quit smoking for 2 months, weight was
increased by 4.9 lb. However, this weight change was not accompanied by a
significant increase in LDL-C, rather there was a significant increase in HDL-C of 7
mg/dL. Rabkii et al. (1984) found that successfiil quitter gained a significant amount
of weight compared to non-quitters (4.4 lb. vs. 0.7 lb., respectively) three months after
smoking cessation; hov/ever, they also experienced a significant increase in HDL-C
compared with non-quitters.

1.3 Explanation of dissertation format
This subsection explains the relationship of the papers that are included and
my role in each of the projects. Dr. Leischow secured the funding for the overall
project with his primary research interest being the efficacy of nicotine transdermal

patch on smoicing cessation in Hispanics. The project was funded by Hoechst Marion
Roussei, Kansas City, Missouri. The efficacy of nicotine patch in this Hispanic study
population was reported elsewhere by Leischow et al.(l996). My research interests
are secondary objectives within the overall study design. I am the first author on the
three papers appended. I was the project coordinator for this study including the
efficacy segment. I was responsible for preparing and submitting all of the IRB
project approval and subject consent forms. I also worked very closely with the IRB,
Dr. Leischow, and the study physicians in monitoring the adverse events that occurred
during the conduct of this study. I received the medications from Hoechst Marion
Roussei, was involved in setting up the randomization procedures and arranged for the
packaging of the medications to be assigned to each study participant. I designed and
prepared all of the case report forms and data collection foiTns used for my part of this
project (weight change, body composition, and dietary collection forms), with the help
of Zenen Salazar, a Spanish speaking research assistant.
For the paper entitled "Effectiveness of Transdermal Nicotine in Minimizing
Weight Gain with Smoking Cessation in a Hispanic Study Population", I was the first
author followed by Dr. Roe, Dr.Taren, Dr. Muramoto, and Dr. Leischow. I was
involved in writing the objectives and hypotheses for this section of the protocol. I
outlined the timeline for the study procedures. I trained the research staff who helped
in the recruitment, screening, and collection of all data at follow-up visits with study
participants. I was involved with our data analysis staff person in setting up the
database files, I woikccl with my advisor. Dr. Roe on the statistical analyses of the

weight change data and the interpretation of results. I prepared the draft of the
manuscript, and submitted the final version. I received help from the co-authors on
revisions for the manuscript. I submitted the paper to American Journal of Public
Health and I am currently revising this paper for re-submission to Preventive
Medicine. This paper is located in Appendix A.
The paper entitled 'The Redistribution of Body Fat with Smoking Cessation in
Hispanics with and without the use of Nicotine Transdermal Patch" has been
submitted to the American Joumal of Clinical Nutrition. It is currently being
reviewed. For this paper, I was the first author followed by Dr. Roe, Dr. Taren, G.
Cook, and Dr. Leischow. I wrote the overall secondary objectives and study
hypotheses for the protocol. I trained the research staff in collection of body
composition measures, and I was actively involved in taking these measures
throughout the study. I helped create the database files for the body composition data.
I was directly involved in all of the study conduct, statistical analyses, interpretation of
results, preparing a draft of the manuscript, and submitting the final version. I
received help from all of the co-authors for revisions of the paper.
For the paper entitled: "Macronutrient changes in Hispanics: Effects of
Nicotine Transdermal Patch in a smoking cessation clinical trial", I was the first
author followed by Dr. Roe, Dr. Taren, G. Cook, and Dr. Leischow. This paper is in
the process of being reviewed by all of the co-authors and will be submitted prior to
the final defense to the American Joumal of Clincial Nutrition. I was involved in
writing the study procedures to carry out this section of the protocol. I trained the

research staff in the collection of dietary food records and how to check for "missing
ingredients" on the returned food records. I trained all of the study participants in how
to record a food diary, using food models, and sample size estimates of real portions of
foods. I was involved in setting up the database files for the dietary data, the quality
control procedures. The dietary information was entered by the Nutrition Core at the
University and I was provided with the NDS output files after all data were entered. I
was responsible for the statistical analyses, interpretation of the results, and writing the
manuscript. I am in the process of receiving suggested revisions for this paper by the
co-authors.

CHAPTER 2
PRESENT STUDY
2.1 Introduction
The methods, results, and conclusions of this study are presented in the papers
appended to this dissertation. The following sections include an expanded methods
section, followed by a summary of the most important findings of these papers, a
discussion of the significance of these findings, conclusions, and suggestions for future
research.

2.2 Methods
2.2.1 Study Design
2.2.1.1 Overview
This investigation was based upon data obtained from a randomized clinical
trial to compare smoking cessation rates with the use of nicotine transdermal patch
(Nicoderm®) versus placebo patch among Hispanic smokers, and factors that
influence efficacy of this treatment intervention (e.g., acculturation issues,
suppression of withdrawal symptoms). The study design is a two aimed, double-blind
randomized intervention trial, with the two treatment groups assessed at three different
time intervals for (1) smoking abstinence status, (2) assessments of weight and body
composition measures, and (3) dietary intake of total energy/day (kcals) and specific
macronutrient intake. The efficacy of the nicotine patch to increase smoking cessation
rates at 6, 10, and 26 weeks was assessed; however, this is not the primary focus of
this dissertation project. The treatment phase consisted of 10 weeks of self-
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administered treatment with either nicotine or placebo patch, followed by 16 weeks of
participant follow-up. Study participants were invited to the study site for two pre-quit
visits: screening and baseline (BL). Treatment visits occurred at 2 weeks, 6 weeks,
and 10 weeks. A follow-up study site visit was scheduled at 6 months for every
landoniized study participant. Telephone contacts were made with the study
participants at 48 hours, 3 weeks, 8 weeks, and 18 weeks post-randomization.
Smoking status, body weight, and patch use were determined at each study site visit.
Dietary information and body composition measures were collected at BL, 6,10, and
26 weeks. Carbon monoxide readings and self-report of smoking status were
collected at everj' visit to verify smoking abstinence.

2.2.1.2 Study Population
A total of 108 participants were enrolled in this study. The study population
consisted of male and female Hispanic smokers (verified by self-identification) who
were greater than or equal to 18 years old and less than or equal to 65 years old. To
qualify for the study, subjects must have smoked at least 10 cigarettes per day for the
previous year, and not used nicotine replacement or tried to quit smoking for the past
year. Participants must have signed an informed consent approved by the Human
Subject's Committee at the University of Arizona, and be the only member of the
household participating in the study. Female participants must have been of nonchildbearing potential or practicing a medically acceptable form of birth control, and
had a negative urine pregnancy test. The following medical conditions were
exclusionary: high blood pressure (> 150 mm Hg systolic and 95 mm Hg diastolic).
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history of cardiovascular disease, peripheral vascular disease, medically treated ulcer
or gastrointestinal disease, hepatic or renal disease, nervous system disorders, insulin
dependent diabetes, hyperthyroidism, any dermatological conditions that precluded
transdermal patch use, psychiatric illness or regular use of psychotropic medication
within the past year, history of alcohol abuse, other recreational, or prescription drug
abuse within one year of study treatment, or if female, pregnant or lactating.

2.2.1.3 Recruitment
Subjects were recruited from the greater Tucson metropolitan area through
newspaper, television, and radio advertisements and public service announcements.
All advertisements indicated that eligible study subjects would be invited to participate
in a smoking cessation study involving the use of nicotine replacement. We actively
recruited the Hispanic population by advertising in neighborhood newsletters and shops,
as well as on radio stations that target this group. In addition, in order to recruit
Spanish-speaking only smokers into the study, Spanish language ads were developed
and used. All forms were prepared in both English and Spanish. Potential subjects were
instructed to call for more information, at which time they were screened for study
eligibility.
When potential subjects called regarding the study, questions designed to
determine inclusion/exclusion criteria were asked so that initial eligibility could be
assessed. If a person was not qualified for study participation, they were referred to an
alternative smoking cessation program in the Tucson area. Data from uninterested
callers were collected to complete post-study subject comparisons.
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2.2.1.4 Screening Visit
A screening visit was required where a study physician conducted a physical
exam on each potential participant. An ECG was obtained from each potential
participant and reviewed by the study physician for the purposes of determining
cardiovascular health status, since at the time nicotine patch was not an FDA approved
over-the-counter medication. The following questionnaires were completed in
Spanish and/or English by each study applicant at the screening visit.
1. Medical Questionnaire: A general health instrument that was used to obtain
information when screening subjects for study eligibility. This questionnaire
was designed specifically for use in this study population by the medical
director at the Arizona Program for Nicotine and Tobacco Research
(AZPNTR).
2. Smoking Historv Questionnaire: This questionnaire was designed to get
detailed information about subjects' smoking history, family smoking history,
exposure to other smokers, etc. This instrument was developed by Dr.
Leischow, director of the AZPNTR, and has been used for all of our research
projects.
3. Acculturation Scale: This questionnaire was designed to obtain information
regarding the subjects' level of acculturation into a non-Hispanic culture.
Questions regarding language preference at home, work, and television or
radio stations were included. This instrument was designed by Marin et al.
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(1987), and was developed for use as a short acculturation scale for Hispanics.
It has been validated for use in this population.
4. The Alcohol Use Disorders Identification Test (AUDn"): This was
used to provide current use of alcohol and history of alcohol abuse. This
is a validated instument that has been utilized as a diagnostic and screening
tool in clinical settings.
5. Fagerstrom Nicotine Tolerance Questionnaire: This was used to assess
nicotine dependency by questions such as number of cigarettes per day,
and how soon after you awake do you smoke your first cigarette? This has
been validated for determining nicotine dependence (Fagerstrom
& Schneider, 1989).

2.2.2 Treatment Protocol
2.2.2.1 Pharmacological Treatment
Nicoderm (nicotine transdermal system) contains nicotine in a drug reservoir
that is released through a rate controlled membrane and absorbed continuously through
the skin into the systemic circulation. A release liner is discarded prior to application
and an occlusive Medpar backing covers the entire system. Approximately 21 mg of
nicotine are absorbed during a 24-hour period of wearing Nicoderm 21 mg/day (22
cm" size patch). Wearing a 15 cm" nicotine patch for 24 hours will provide
approximately 14 mg/day, while a 7 cm" patch will provide 7 mg/day. The placebo
system contains a small quantity of nicotine that is not released to the skin during
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application. This provides a similar odor as the active patch to maintain blinding of
study treatments.
The Nicoderm systems were applied daily (preferably upon arising in the
morning) to a non-hairy, clean and dry skin site of the body. Participants were asked
to rotate patch application sites daily to help prevent aggravation of the skin that may
result from applying the patch to the same area within a 7 day period. Participants
were instructed to wear the patch continuously throughout the day and while sleeping
at night. However, if a study participant complained of difficulty either falling asleep
or staying asleep during the initial weeks of treatment, the study physician instructed
the participant to remove the patch prior to bedtime for the duration of treatment. In
this case the participant was considered a 16 hour patch treatment rather than as a 24
hour patch treatment. Participants were discouraged from smoking at any time during
the treatment period, and participants were informed of the increased risk of smoking
and wearing the patch. Participants who nevertheless resumed smoking were
instructed to remove the patch prior to smoking and to re-apply the same patch 1-2
hours after smoking the last cigarette. A medication accountability record was located
within each participants case report form where the quantity and date of dispensing
study medications was recorded.

2.2.2.2 Treatment Schedule
Each study participant was assigned randomly to one of two treatment groups,
and received the dosages of Nicoderm during the first 10 weeks of the study on a
schedule shown below in Figure 2.1.
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Figure 2.1: Study Scheme
Primary Efficacy

Weaning Phase

Follow-up

TimelineCwk)

-i

0

2

4

6

8

m

Treatment A:

Sc

P

P

P

P

P

none

none

Treatment B:

Sc

22cm"

22cm"

22cm" 15 cm" 7 cm"

none

none

Clinic Visits:

V-1

V3

V4

VO
VI
V2
(BL)
Sc = Screening at visit - I; P = Placebo patch
VO = Baseline (BL), randomization to treatment, start of treatment
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The two treatments were administered in a double-blind manner as one transdermal
system to be applied daily, either active or placebo systems. After 10 weeks of
treatment, study participants discontinued study treatment, and were contacted for
follow-up at 18 weeks (by telephone contact) and at 26 weeks (visit to study site).

2.2.3. Endpoints
2.2.3.1 Biochemical Validation of Abstinence
Breath carbon monoxide (CO) was assessed to verify claims of abstinence at
each study site visit. Subjects with CO readings < 10 parts per million (ppm) were
classified as abstinent (as long as it was accompanied by a self-report of abstinence).
This CO level has been found to be a fairly accurate measure of smoking status (Jarvis
et al., 1987), particularly when the use of nicotine replacement therapy precludes the
other biochemical markers of abstinence (e.g. urine nicotine or cotinine). Nonetheless,
we collected a urine sample at each visit so that cotinine levels could be assessed.
Cotinine, a nicotine metabolite, was used to verify adequate levels of nicotine

exposure in the active patch condition, and confirm abstinence in the placebo patch
condition. Baseline cotinine levels were also used to assess baseline differences
between groups and as possible predictors of treatment outcome (efficacy measures).

2.2.3.2 Safety Measurements
Blood pressure and heart rate were measured at each visit. Withdrawal
symptoms were collected by diary for the first two weeks of treatment and at ail study
site visits. These were not considered adverse events in the analysis. A medical triage
checklist was utilized by the research staff to assess adverse events, and to help
determine if a study physician should be contacted. Adverse events were recorded in
the case report form, and severity of the event and the relationship to the study
treatment were assessed by the study physician. The duration of the event was
followed closely, and resolved by clinic staff or a study physician.

2.2.3.3 Anthropometry
2.2.3.3.1 Weight and Height Measures
Weight measurements were collected at the BL and follow-up visits at two
weeks (Visit 1), six weeks (Visit 2), ten weeks (Visit 3), and twenty-six weeks (Visit
4), following the protocol described by Lohman et al. (1991). Study participants were
measured on a leveled platform scale with a beam and moveable weights and recorded
to the nearest 100 grams. Weight was measured while wearing minimal clothing
(sweaters removed) without shoes. Standing height was taken at the BL visit with a
stadiometer, a vertical board with an attached ruler and horizontal headboard that
measures the most superior point on the head. The measurement was taken to the

nearest 0.1 cm. BMI was calculated as weight in kilograms divided by height in
meters squared (kg/m2 ).

2.2.3.3.2 Skinfolds
Selected skinfolds (triceps, subscapular, suprailiac, chest, and thigh) and
circumferences (waist, hip, upper arm, and thigh) were measured according to the
Anthropometric Reference Manual (Lohman et al., 1991). Due to differential skinfold
fat distribution among males and females, different sites were measured to determine
body fatness. For males the three skinfold sites measured were the triceps, chest, and
subscapular. For females the three sites measured were the triceps, suprailium, and the
thigh. Three skinfold thickness measurements were taken on the right side of the body
with a Lange skinfold caliper (Cambridge Scientific Industries, Cambridge, MD).
Three repeat measurements were taken at each site and the mean was taken of these
three values for data analyses. Additional measurements were taken at a site if the
measurement was not within 0.10 of the other measurements (i.e. for thicknesses
between 1-10: allowed to be off by 1 digit, for thicknesses between 11-20: allowed to
be off by 2 digits). All measurements were taken by two experienced exercise
physiologists. All measures taken for a study participant were taken by the same
measurer throughout the study, to prevent inter-observer differences. The skinfold
measurements were used to predict body density using the generalized body density
equations for women and men suggested by Jackson and Pollock, (1985).
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2.2.3.3.3 Circumferences
Girth measurements were taken on males and females at the mid-arm and waist
sites. Additionally, thigh circumference measurements were taken for females. All
sites were standardized as outlined in the Anthropometric Standardization Reference
Manual (Lohman et al., 1991). The circumferences were obtained with a flexible,
fiberglass tape measure (Miltex, Japan), while maintaining contact with skin and
without compressing the underlying tissues. All circumference measures were taken
with the participant relaxed and standing.

2.2.3.4 Dietary Assessment
Dietary intake was assessed by three day self-reported dietary food records.
Participants were trained in dietary food record collection by the use of visual (food
models), verbal aids (trained staff), and written instructions included in the dietary
food record to help estimate quantities of foods and supplements consumed.
Participants were randomly assigned food collection days (2 week days and 1 week
end day). To promote compliance, telephone reminders by clinic staff, the night prior
to the assigned day of recording of food intake, reminded participants to complete
diaries. Records were reviewed for completeness by a research assistant at the clinic
and subjects were questioned immediately to recover missing details. Trained
research assistants at the Nutrition Core at the University of Arizona entered the data
for analysis.
All dietary data analysis was performed utilizing the University of Minnesota
Nutrition Data System (NDS) software which is based on a computerized nutrient data

bank. This was developed for NHANES II and is the state of the art nutrient data base
for dietary analyses. The microcomputer prompts the user to describe food intake as
food source, processing method, fat and salt used in preparation, and ingredients that
contain fat and sodium. A workshop was held at the Nutrition Core offices by staff
from the Minnesota NDS to assure appropriate training of the staff. Self-reported
dietary intake data were analyzed for total kilocalorie intake, percent kilocalories from
protein, carbohydrates, fats, types of fatty acids, alcohol, and total sugar (grams/1000
kcals). Future planned analyses will focus on selected vitamins including vitamin A
and beta-carotene, thiamin, niacin, riboflavin, ascorbic acid, vitamin D and vitamin E.
Selected minerals such as iron, calcium, sodium, and potassium, and intakes of dietary
fiber and caffeine will also be assessed.

2.2.4 Statistical Analyses
2.2.4.1 Enicacy Analysis
It is very important to have clear definitions of smoking "lapse", smoking
"relapse", and "continuous abstinence" in order to ensure consistency in data
interpretation. Thus, the definitions of lapse, relapse, and quit smoking that
have been employed in this research are as follows:
Lapse: Any use of a tobacco product, even a puff, anytime after quitting
smoking for at least two days.
Relapse: Smoking lapses that occur for any 4 days out of any 7 consecutive
day period or smoking lapses that occur fewer than 4 days out of any 7 consecutive
day period, but do so for 3 separate weeks.
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Continuous Abstinence: To be considered continuously abstinent at the end
of the study, the subject cannot have smoked any part of a cigarette or other tobacco
product after two weeks post-randomization.
These analyses were performed on an intent-to-treat basis. Those participants
who dropped out of the study were considered treatment failures (i.e. smokers). The
primary efficacy outcome for each subject was whether or not they abstained from
smoking any part of a cigarette or other tobacco product after two weeks postrandomization. Chi-squared tests were used to compare the smoking rates of the
treatment groups at 6, 10, and 26 weeks.

2.2.4.2 Sample Size Considerations and Power
The primary efficacy outcome for each subject was continuous abstinence (i.e.,
2 weeks-10 weeks post randomization). We were assuming a power estimate = 0.80
and a significance level = 0.05. The use of a one-tail test was appropriate since we
were only interested in the effect of the treatment in the direction of quitting smoking.
Table 2.1, below illustrates the power estimates for the efficacy of nicotine
transdermal system at the end of treatment (10 weeks), assuming 54 subjects each in
the active patch and placebo groups (n=I08 total), and assuming a 10% continuous
abstinence rate in the placebo group. We expected no greater then a 10% continuous
abstinence rate in the placebo patch group, and an abstinence rate > 30% in the
nicotine patch group.
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Table 2.1: Power Calculations for the Efficacy Of
Nicotine Transdermal System
Continuous Abstinence Rate in Nicotine Patch Group

Power

30%

35%

40%

45%

0.84

0.94

0.98

1.00

2.2.4.3 Statistical Analyses of the Weight Change Data
Data were analyzed with weight change as the primary outcome variable. A
weight change score was calculated for each participant at each clinic visit (e.g. two,
six, ten and twenty-six weeks post-cessation). This value was computed as current
weight minus pre-cessation baseline weight, based on the median values. Descriptive
analyses for weight change included the separation of the study population into four
groups: 1) active patch, quitters (i.e. successful quitters), 2) active patch, non-quitters
(unsuccessful quitters), 3) placebo patch, quitters, and 4) placebo patch, non-quitters.
Differences in subject characteristics at baseline stratified by gender were compared
between the treatment groups with mdependent sample t-tests and chi-squared tests.
To evaluate the effects of smoking status, nicotine replacement, gender, and
smoking characteristics on weight change from baseline at 2, 6, 10, and 26 weeks, a
mixed effects regression model was utilized. Mixed effects regression models were
used to account for the multiple measurements obtained across time within each
participant. Covariates entered in the model included the following categorical
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variables: baseline weight (for males > 80 kg or < 80 kg; for females > 65 kg or < 65
kg), baseline number of cigarettes smoked per day (< 20 or > 20), number of previous
quit attempts (< 2 or > 2), gender, treatment (nicotine or placebo patch), smoking
status (quitter or non-quitter), and a prior serious quit attempt lasting > 24 hours (yes
or no). The number of years smoking, age, and the Fagerstrom Nicotine Dependency
score were entered in the model as continuous covariates. All possible two way and
three way interactions for smoking, treatment, and gender were entered in the model.
Participants who diopped out of the study at any time prior to study completion were
considered treatment failures (i.e. non-quitters) in the analyses. We employed two
definitions of smoking status in the mixed effects models. In one model, subjects were
classified as quitters if they reported complete abstinence from all tobacco use
between 2 weeks (Visit 1) and 6 weeks (Visit 2) and a carbon monoxide reading of <
10 ppm at 6 weeks. CO readings of > 10 ppm and/or a self-report of smoking any part
of a cigarette between 2 and 6 weeks classified the participant as a smoker. In the
second model, smoking status was determined based on whether or not the participant
was not smoking at 6 months, had CO readings of < 10 ppm and a self-report of
complete abstinence from 2 weeks through 26 weeks. The statistical significance of
the independent variables was assessed using the overall tests of fixed effects (F
statistics); these statistics included the contribution of any interaction terms included
in the model. An unstructiu-ed covariance matrix was assumed for the repeated withinsubject measurements. All analyses were computed with SAS (SAS Institute Inc.,
1985).
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2.2.4.4 Statistical Analyses of the Body Composition Data
Data were analyzed separately for each outcome variable: %TBF, waist and
arm circumferences, C-index, and the STR. A change score for each outcome variable
was calculated from measurements taken at each clinic visit (e.g. six, ten, and twentysix weeks post-cessation) minus their baseline value. Subjects were classified as
quitters if they reported complete abstinence from all tobacco use between 2 weeks
(Visit 1) and 6 weeks (Visit 2) and a CO reading of < 10 PPM at 6 weeks. Differences
in subject characteristics at BL were computed by stratification of the sample by
gender and treatment group and analyzed with two-sample independent t-tests and chisquared tests. Changes in body composition by treatment group at 6 and 10 weeks
were also analyzed with two-sample independent t-tests. At 26 weeks, we utilized a
two-way analysis of variance with each outcome variable and smoking and treatment
entered in the model to evaluate the effects of smoking cessation separately from
treatment. We evaluated the interaction effects of each pre-quit smoking
characteristic with treatment and smoking status for each dependent variable. F
statistics were used to determine the statistical significance of each factor.
A mixed effects regression model was employed to evaluate the significance
of pre-quit smoking characteristics, treatment and smoking status (i.e. quitter versus
non-quitter), on the change from BL in the outcome variables measured at 6, 10, and
26 weeks. Modeling was performed separately for each gender. The same categorical
and continuous variables listed above for the weight change data were included as
covariates. We included all possible two way and three way interactions between
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smoking, gender, and treatment factors. For the repeated within-subject
measurements, an unstructured covariance matrix was assumed. Stata (Stata
Corporation, 1995) was used for the descriptive analyses and SAS (SAS Institute Inc.,
1985) for the mixed effects regression modeling.

2.2.4.5 Statistical Analyses of the Dietary Data
Macronutrients of interest were change in total energy (kcals), carbohydrate,
fat, protein, and alcohol (as relative percentages of total energy), and total sugar intake
(grams/1000 kcals). The mean for each of these nutrients was calculated from the
three days of 24 hour food records at the baseline and 10 week visits. Descriptive
analyses for differences among treatment groups were computed by stratifying the
study population by gender, and then further dividing males and females into the same
four groups as were used for the weight change and body composition data: I)
nicotine patch, quitters, 2) nicotine patch, non-quitters, 3) placebo patch, quitters, and
4) placebo patch, non-quitters. A change score for each outcome variable was
calculated from the mean value at the week 10 clinic visit minus their respective BL
mean values. We evaluated a change score for each of the dependent variables using
anova models: change in total energy intake (kcals), change in percent of energy
consumed as protein, total fat, carbohydrate, alcohol, and total sugar intake
(grams/1000 kcals). In this analyses subjects were classified as quitters if they
reported complete abstinence from all tobacco use between 2 weeks (Visit 1) and 10
weeks (Visit 3) and a CO reading of < 10 PPM at 10 weeks. CO readings of >10 PPM
and/or a self-report of smoking any part of a cigarette between 2 and 10 weeks
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classified the participant as a non-quitter. Participants who dropped out of the study at
any time prior to study completion were considered treatment failures (i.e. nonquitters).
Differences in subject characteristics at BL were computed by stratification of
the sample by gender and treatment group and analyzed with two-sample independent
t-tests and chi-squared tests. Changes in macronutrient nutritional status by treatment
group at 10 weeks were also analyzed with two-sample independent t-tests. Multiple
regression models were used to evaluate the significance of pre-quit smoking
characteristics, treatment, and smoking status on the change from BL in the outcome
variables measured at 10 weeks. All possible two way and three way interaction terms
were entered in the models for smoking, treatment, and gender factors. We performed
modeling separately for each gender, due to significant smoking by gender interactions
found in our preliminary analyses. The following categorical variables were included
as independent variables in the regression models: treatment, smoking status, and
baseline number of cigarettes smoked per day. The number of previous quit attempts,
and baseline weight were entered in the model as continuous variables. Stata (Stata
Corporation, 1995) was used for descriptive analyses and for the multiple regression
analyses.
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2.2.5 Data Management and Quality Assurance
Quality assurance procedures were implemented at study initiation and
continued throughout follow-up. When data were originally collected, they were
checked for accuracy by the research assistant when the participant was still present or
shortly thereafter, so that errors could be quickly caught. The data were then checked
by the Project Coordinator, and placed in the subject's file in preparation for data
entry. All data were entered by a research assistant into a database, and then checked
by another research assistant for accuracy as part of the quality control process. The
principal investigator and study physician were required to sign off on all
inclusion/exclusion criteria for study entry. The study physicians monitored the
reports of adverse events throughout the study. Procedures were implemented that
ensured a percentage (10-20%) of data collected from each participant were checked
for accuracy.

2.3 RESULTS
2.3.1 Characteristics of Study Sample
Descriptive statistics for the Hispanic study sample (n = 108) are shown in
Table 2.2 (below), stratified by gender and treatment assignment groups. For females.
Table 2.2 indicates that participants randomized to the active treatment group were
significantly (p < 0.05) more acculturated (80.6% vs. 54.2%), and had smoked more
years (22.7 vs. 18.2 years); they had marginally significantly greater (0.05< p < 0.1)
mean % TBF (31.3% vs. 28.1%). For males, those randomized to the active treatment
group had significantly (p < 0.05) greater success in previously quitting smoking for
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greater than 24 hours (78% vs. 47%). There were no significant differences among
treatment groups for age, body weight, or body mass index.
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Table 2.2: Baseline Characteristics of Hispanic Study Population
Mean and (SEM)

FEMALE
Variable

MALE

Nicotine
Patch

Placebo
Patch

Nicotine
Patch

Placebo
Patch

N

31

24

23

30

Education (yrs)

13.3 (0.7)

13.0 (0.5)

13.5 (0.6)

12.3 (0.6)

Age

42.3(1.6)

38.3(1.4)

42.7(2.1)

40.7(1.4)

17.6(1.2)

20.0(1.5)

20.4(1.8)

22.4 (2.4)

Previous quit attempts

3.0 (0.4)

3.2 (0.6)

5.7 (2.4)

3.0 (0.6)

Number of years smoking

22.7(1.5)*

18.2(1.5)

23.5 (2.3)

23.4(1.8)

Quit > 24 hours (% yes)

52.0%

50.0%

78.0%'

47.0%

Fagerstrom Score

3.8 (0.4)

4.8 (0.5)

4.6 (0.5)

4.9 (0.4)

Acculturation (% more)

80.6% *

54.2%

43.5%

63.3%

Body Mass Index (kg/m')

27.5 (0.7)

27.2(1.1)

28.2 (0.9)

27.9 (0.8)

Height (cm)

162.2(1.1)

160.8(1.1)

171.9(1.2)

173.5(2.0)

Weight (kg)

72.6 (2.3)

70.2 (2.6)

83.4 (2.8)

83.7 (2.5)

Cigarettes/Day

% Fat (skinfolds) (mm)

31.3(1.1)^

28.1(1.2)

19.7(1.0)

18.4 (0.9)

Upper arm circumference (cm)

32.5 (0.7)

31.0 (0.8)

34.3 (0.7)

33.6 (0.7)

Waist circumference (cm)

86.8(1.9)

85.6 (2.2)

95.1 (1.8)

93.7(1.7)

* Significantly greater than the placebo group { p < 0.05) for the same gender
+ Marginally significantly greater than the placebo group (0.05</7 <0.10) for the same gender
SEM = standard error of the mean
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Table 2.3 (below) shows the percentage of participants who returned for each
follow-up visit by treatment and gender. As can be seen, there was a successive
decrease in the percentage of participants returning at each subsequent visit, with
greater losses in the placebo versus the nicotine group.

Table 2.3: Percentage of Participants Foilowed-Up at Each Clinic Visit
Treatment

Gender

BL

6 Weeks

10 Weeks

Nicotine

M

23

20(87%)

17(74%)

15(65%)

F

31

25(81%)

23 (74%)

18(58%)

M

30

21 (70%)

18(60%)

8(27%)

F

24

16(67%)

14(58%)

10(42%)

Placebo

26 Weeks

We evaluated differences at 26 weeks follow -up for the effects of treatment
assignment, age, number of years smoking pre-quit, and baseline number of cigarettes
smoked per day. We found that those randomized to active treatment were
significantly more likely to return at 26 weeks than those participants randomized to
placebo (p = 0.004). We found no significant differences by age, number of years
smoking, or BL cigarettes per day.
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2.3.2 Impact of Nicotine Replacement on Smoking Cessation
Active nicotine patch treatment resulted in statistically significant
higher quit rates at 6 weeks {p< 0.01) and at 10 weeks {p< 0.05), as shown
below in Figure 2.2. However, there were no differences between quit rates at
26 weeks (p = 0.446).

Figure 2.2

Percent Continuouslv Abstinent from

? WPPL

-« tn a anrf IH WWLRT nf thg Trgatmpnt Phaoo (tlipt allnwpH in firtf 7 WPPLFC>

Placebo patch

100

• Nicotine patch

p < .05

% Abst

lent

10 weeks

6 weeks
Timo (weeks)

2.3.3 Weight change
2.3.3.1 Weight Change with Smoking Cessation
Initially, at two weeks post-treatment, mean weight change from baseline for
both treatment groups was small in magnitude. However, at subsequent clinic visits
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the overall weight change experienced by the successful quitters was greater than that
experienced by non-quitters, and differences between treatment groups became more
pronounced. By six weeks post-randomization, 86.3% of successful quitters had
gained weight, and by 10 weeks, 89.6% of those with continued abstinence had gained
weight. Virtually every single quitter at 26 weeks had gained weight. A majority of
non-quitters also gained weight, regardless of treatment assignment. Mean weight
changes for non-quitters ranged from .88 to 1.3 kg at 6 weeks, .63 to 3.0 kg at 10
weeks, and -.68 to 2.2 kg at 26 weeks.

2.3.3.2 Effects of Nicotine Replacement on Weight Change
Mean weight change differences for successful quitters (not separated by
gender) in the nicotine patch versus placebo treatment groups were statistically
significant at 6 weeks (p < 0.05); only borderline significant at 10 weeks (p = 0.08),
and no treatment effect was observed by 26 weeks (p = 0.12). We found gender
differences in weight change among treatment groups as early as 6 weeks postrandomization as placebo treated male quitters had gained significantly more weight
than the nicotine treated male quitters (3.1 kg vs. 1.9 kg, p < 0.05); whereas female
placebo and nicotine treated female quitters experienced the same weight change of
1.5 kg. By 26 weeks, only 33 study participants who had the nicotine patch treatment
and 18 participants receiving the placebo treatment returned to the study site for
measurements. For these subjects, those who had received placebo treatment
experienced greater mean weight gain than found at earlier visits, but their weight
change was not statistically different from the nicotine patch treated group.
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2.3.3.3 Overall Effects of Gender, Treatment, Baseline Weight, and Smoking
Characteristics on Weight Change
In our initial multivariate mixed effects analyses, final smoking status was
based on whether the study participants were smoking at 6 weeks; if a study
participant was smoking at 6 weeks, this was a strong predictor of smoking at 10 and
26 weeks (p < 0.0001 and p < 0.0001, respectively). The baseline number of cigarettes
(p = 0.0074), and less than 2 previous quit attempts (p = 0.0099 ) were statistically

significant in the overall model. The number of years smoking was a marginally
significant predictor of weight change {p = 0.0797). Additionally, there was a highly
significant three-way interaction between gender, smoking status, and treatment (p =
0.0015) in the overall mixed effects model. To aid interpretation, models were
separately estimated for each gender. For females, having made less than two
previous quit attempts (p = 0.0505) and the number of years smoking (p = 0.0954)
were marginally significant predictors of weight gain. For females, there was a
significant smoking by treatment interaction (p = 0.0115), in that quitters receiving
placebo treatment gained more weight than quitters receiving nicotine treatment. For
males, statistically significant predictors of weight gain were treatment group {p =
0.0020), baseline number of cigarettes (p = 0.0001), and smoking status {p = 0.0340).
We found that having made less than two previous quit attempts was a marginally
significant predictor of weight gain for males (p = 0.0979).
In addition, we repeated the analysis with smoking status based on whether
study participants were smoking at six months. In the overall model, baseline number
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of cigarettes {p = 0.0108), and less than 2 previous quit attempts (p = 0.0077) were
statistically significant. The number of years smoking was found to be marginally
significant (p = 0.0633). We found a significant interaction between smoking status
and treatment (p = 0.0198) in the overall mixed effects model. For females smoking
status was found to be a significant main effect (p = 0.0073), and previous quit
attempts was marginally significant (p = 0.0750). For males, we found that smoking
status (p = 0.0073), treatment group (p = 0.0070), and baseline number of cigarettes (p
= 0.001) were significant main effects.

2.3.4 Body Composition
2.3.4.1 Anthropometric Changes with Smoking Cessation
At 26 weeks, the results of the two-way analysis of variance with each outcome
variable and smoking and treatment in the model revealed that for females smoking
status was a significant factor in determining the %TBF (p < 0.05). The adjusted
means for change in total percent body fat for successful quitters compared with nonquitters were 3.5% versus 0.18%, respectively. For females, the anova models
revealed significant interactions (p < 0.05) between smoking and treatment for change
in arm circumference and change in C-index. Female quitters in both the active and
placebo groups experienced similar changes in arm circumference (1.6 cm and 1.7 cm,
respectively); whereas, the non-quitters in the active and placebo groups experienced
smaller changes (0.80 cm versus 0.51 cm, respectively). For males, smoking status
was a significant predictor for change in %TBF (p<0.01) and change in arm
circumference (p<0.01).
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2.3.4.2 Effects of Nicotine Replacement on Anthropometric Variable Changes
Increases in %TBF at 6 weeks were experienced by placebo versus nicotine
treated female quitters (3.0% and 1.9%, respectively, p = 0.07). By 10 weeks placebo
treated female quitters had significantly increased %TBF compared with nicotine
treated female quitters (4.8% and 0.77%, respectively, p <0.05). For males, we foimd
no significant differences between treatment groups in %TBF at 6 or 10 weeks.
Increases in upper arm circumference were greater in the placebo group for both male
and female successful quitters compared with nicotine treated quitters at 6 and 10
weeks; these differences were statistically significant for females only at 10 weeks (p
< 0.05). While waist circumference showed greater increases in female quitters
receiving nicotine treatment versus placebo treated females at 6 and 10 weeks, these
differences were not statistically significant. Waist circumference increased for both
treatment groups for males; however, there were no significant differences between the
active and placebo treated groups.

2.3.4.3 Overall Effects of Gender, Treatment, and Smoking Characteristics on
Anthropometric Changes
Mixed effects models were used to assess the effects of smoking status and
treatment, adjusted for BL characteristics. For females, treatment was found to be a
marginally significant predictor of change in %TBF; the effect of smoking was not
significant (p = 0.30). For males, to have successfially quit smoking prior to treatment
> 24 hours was found to be a statistically significant predictor of increased %TBF (p =
0.004). Two additional independent variables were found to be significant: the
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number of years smoking (p = 0.013) and the number of previous quit attempts (p =
0.059). There was a significant interaction between smoking and treatment (p =
0.040). We could not evaluate the significant predictors separately for smokers
because of the limited sample size of smokers compared with the nimiber of
independent variables measured.
Significant predictors for changes in arm circumference for females included
smoking status (p = 0.043), and the marginally significant Fagerstrom score (p =
0.075). For males, we foimd a significant smoking by treatment interaction (p =
0.022), and a marginally significant effect of the BL number of cigarettes (p = 0.086).
Significant predictors of waist circumference changes for females were treatment (p =
0.008) and the number of previous quit attempts (p = 0.050). For males significant
predictors of change in waist circumference were smoking status (p < 0.001), the
number of previous quit attempts (p = 0.020), and the Fagerstrom score (p = 0.004).

2.3.5 Dietary Changes
2.3.5.1 Effects of Smoking Cessation on Macronutrient Intake
At 10 weeks, the results of the two-way analysis of variance adjusted for
treatment and smoking status indicated that for females and males smoking status was
not a significant factor in determining the change in energy intake {p = 0.31 and p =
0.65, respectively). The adjusted means for total energy for quitters versus nonquitters adjusted for treatment at 10 weeks were 121.3 kcals and 257.8 kcals,
respectively. Thus, successful quitters did not increase their energy intake as much as
continued smokers. For males, smoking status and treatment were significant factors

in determining the change in total fat as a percent of energy {p < 0.01 and p < 0.05,
respectively). For females neither smoking status nor treatment were significant
factors in determining change in total fat at 10 weeks. Adjusted means for change in
total fat for quitters versus non-quitters adjusted for treatment at 10 weeks were -6.6 %
and -3.7 %, respectively. Treatment assignment was foimd to be a significant factor (p
< 0.05) in determining the change in total sugar (g/lOOOkcals) for females; whereas,
for males we found a significant smoking by treatment interaction (p =0.007). For NP
treated male quitters sugar increased compared with NP treated non-quitters (40.8
g/lOOO kcals versus -23.9 g/lOOO kcals, respectively). For PP treated male quitters and
non-quitters total sugar increased fi-om baseline for both groups (8.9 g/lOOO kcals
versus 6.1 g/lOOO kcals, respectively). Adjusted means for total sugar intake at 10
weeks for quitters versus non-quitters adjusted for treatment were 17.7 g/1000 kcals
versus -12.2 g/1000 kcal, respectively. For males smoking status was found to be a
marginally significant factor for change in carbohydrate {p = 0.07); whereas neither
treatment nor smoking were significant factors for change in protein for males. We
did not find treatment or smoking status to be significant factors in determining the
change in alcohol for females or males.

2.3.5.2 Effects of Nicotine Replacement on Macronutrient Changes
Female successfiil quitters who received NP treatment experienced a mean
change firom BL in total energy intake (140.2 kcals versus 9.1 kcals for the PP female
quitters, p = .575). Percent of energy consumed as protein and total fat decreased for
NP treated females compared with placebo patch treated female quitters (-1.9% versus

1.7%,; p = .474 and -4.4% versus 6.5%; p = .238, respectively). Percent of energy
consumed as carbohydrate increased for nicotine patch treated female quitters relative
to placebo patch treated female quitters (5.4% versus -8.2%, p = .283) and total sugar
intake increased from BL for both nicotine patch and placebo patch treated female
quitters (9.0 kcals/1000 kcals versus 3.0 kcals, respectively,/? = .665).
Male quitters who received nicotine patch and placebo patch treatment
experienced a mean positive change from BL in total energy intake (136.6 kcals versus
177.8 kcals, respectively,/; = .791). Percent of energy consumed as protein and total
fat decreased for placebo patch treated male quitters compared with nicotine patch
male quitters from BL (-3.9% versus -.71% ; p = .153, and -14.6% and -8.1%; p =
.113 , respectively). Total sugar intake increased significantly from BL for NP
compared with PP treated male quitters (40.8 kcals/lOOOkcals vs. 8.9 kcals, p < 0.05).

2.3.5.3 Overall Effects of Gender, Treatment, Baseline Weight, and Smoking
Characteristics on Macronutrient Changes
Multiple regression models were used to assess the effects of smoking status
and treatment, adjusted for BL pre-quit smoking characteristics. For females and
males, smoking status, treatment, and pre-quit smoking characteristics were not found
to be significant predictors of change in total energy from baseline. For females,
baseline weight was found to be a marginally significant [p = 0.092) predictor of
change in carbohydrate intake as a percent of total calories. For males, we found that
treatment assignment was a predictor of change in carbohydrate intake as a percent of
calories {p = 0.017), and smoking status was found to be a marginally significant
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predictor (p = 0.071). For both females and males, treatment was found to be a
marginally significant predictor of change in percent of energy consumed as total fat
(p=0.065 and p = 0.056, respectively). Additionally for males, we found that smoking
status was a significant predictor of change in percent of energy consumed as total fat
(p = 0.033).
Smoking status for females was found to be a marginally significant predictor
for change in total sugar consumption (p=0.052). For males we found a significant
smoking by treatment interaction (p = 0.014) for change in total sugar consumption.
Male non-quitters receiving nicotine decreased their consumption of total sugar
compared with placebo treated non-quitters; however, total sugar consumption
increased for both nicotine patch and placebo patch treated quitters. For males, we
found that greater baseline weight was related to the increase in alcohol consumption
(p = 0.022)-, whereas for females we found no significant predictors of change in
alcohol consumption firom BL. Percent of total energy consumed as protein decreased
for nicotine patch treated females regardless of smoking status; however, results of the
regression model did not reveal any significant predictors for change in protein. For
males, the change in protein intake fi-om BL decreased irrespective of treatment and
smoking status, but regression analyses did not indicate any significant predictors of
this change.

2.4 Discussion
The findings of this study indicate that similar weight changes occur with
smoking cessation in a Hispanic study sample as have been reported in other clinical

trials using the nicotine transdermal patch in largely non-Hispanic whites. In our
study, successful male and female quitters who received nicotine patch treatment
experienced a mean weight gain at 10 weeks (end of treatment) of 2.6 kg and 2.3 kg,
respectively. Placebo male and female non-quitters experienced weight gains of 3.4
kg and 4.1 kg, respectively. The magnitude of weight gain reported in other studies
evaluating the efficacy of nicotine patch on weight suppression ranged from 0.1 kg to
3.8 kg for nicotine recipients compared with 2.5 kg to 5.3 kg in placebo recipients at
the end of treatment (6-10 weeks) (Fiore et al., 1994; Tonnessen et al., 1991;
Transdermal Nicotine Study Group, 1991; Muller et al., 1990; Abelin et al., 1989).
Although many of these investigations indicated that nicotine patch treatment
attenuated weight gain, no significant differences in weight change were found in
these studies between nicotine and placebo treated subjects at the end of treatment
(varied between 6-10 weeks), or at follow-up visits (varied between 10-26
weeks)(Williamson et aJ., 1991; Fiore et al., 1994; Tonnessen et al., 1991;
Transdermal Nicotine Study Group, 1991). Contrary to these studies, we found that
differences in mean weight change were statistically significant at 6 weeks for
nicotine versus placebo treated successful quitters, and of borderline significance at 10
weeks. In addition, results of our mixed effect regression model support our study
hypothesis that nicotine treatment is a significant predictor of weight gain at 6 weeks,
as indicated by the significant main effect of treatment for males, and by our finding of
a significant interaction between treatment and smoking status for females.

56

It is also apparent that the amount of nicotine replacement during the 10 weeks
of treatment was not an adequate substitute for the smoking levels of nicotine, as
weight gain was only reduced in the nicotine treated group. Future studies should
evaluate the possible effects of using increased dosages of nicotine delivered
transdermally on post-cessation weight gain, as there is evidence for a dose-response
relationship found in studies using nicotine gum (Leischow et al., 1992).
Although smoking cessation often results in weight gain, other studies
involving ex-smokers indicate that quitting smoking did not increase waist
circumference or central adiposity (Shimokata et al., 1989; Lissner et al., 1992).
Results of our body composition analyses indicate that with smoking cessation central
body fat did not increase for Hispanic male or female successful quitters given our
findings of small and non-significant changes in the C-index and the STR at 6, 10, and
26 weeks. Our findings imply that the weight gain with smoking cessation correlates
better with a peripheral (triceps skinfold thickness) than with a central (subscapular
skinfold thickness) pattern of fat distribution. This is an important finding because fat
patterning has been shown to be an important determinant of HDL, triglyceride, and
HDL/total cholesterol ratio (Haffaer et al., 1987; Seidell et al., 1989; Gillum, 1987;
Selby et al., 1989). Specifically, central body fat has been associated with higher
triglyceride levels, with stronger associations in Mexican Americans than in nonHispanic Whites (Haf&ier et al., 1987; Haf&ier et al., 1986). It has been noted in other
investigations that some of the potentially adverse effects of weight gain are mitigated
by changes in lipid profiles and in body fat distribution in a direction of improved
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health outcomes. Stamford et al. (1986) studied the short-term effects of smoking
cessation on lipoprotein fractions. Among the women who quit smoking for 2 months,
weight was increased by 4.9 lb. However, this weight change was not accompanied
by a significant increase in low density lipoprotein-cholesterol (LDL-C), rather there
was a significant increase in high density lipoprotein-cholesterol (HDL-C) of 7
mg/dL. Rabkin et al.(1984) found three months after smoking cessation that
successful quitters gained a significant amount of weight compared to non-quitters
(4.4 lb. vs. 0.7 lb., respectively); however, they also experienced a significant increase
in HDL-C compared with non-quitters. We did not measure lipid profile changes in
diis study. Future investigations of body composition changes with smoking cessation
attempts should evaluate changes in risk factors for disease such as lipid profile
changes, blood pressure changes, and circulating glucose levels.
Our study findings indicate that total energy intake increases during a 10 week
period with attempted smoking cessation regardless of smoking status or treatment
with nicotine patch. In fact, in this sample of Hispanic smokers, we found that
nicotine patch treated male and female non-quitters experienced the greatest increases
in energy intake (421.3 kcals and 359.6 kcals, respectively). This is contrary to other
observations that withdrawal of nicotine enhanced appetite and eating compared to
those who received nicotine replacement (Stamford et al., 1986; Gross et al., 1989).
We had expected that quitters would increase energy intake greater than non-quitters,
although our results of the two-way anovas with smoking and treatment as factors
indicate that adjusted means for change in total energy for quitters versus non-quitters
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were 121.3 kcals and 257.8 kcals, respectively. A potential explanation for this
finding is that non-quitters increased their caloric intake as a result of a need to
substitute food for cigarettes or may reflect a change in preference of specific foods.
We found that non-quitters increased their consumption of carbohydrate during the 10
weeks of attempted cessation. Interestingly, we also found that quitters increased their
total sugar intake compared with non-quitters. Other studies have shown that smokers
have a reduced preference for sweet food; whereas, cessation leads to an increase in
preference for sweet foods (Grunberg, 1982; Grunberg et al., 1984; Duffy and Hall,
1988; Gross et al., 1989). It is possible that smokers who successfully quit experience
the unpleasanmess of quitting and eat carbohydrates and specifically sugar to improve
their mood. Carbohydrate consumption has been shown to alter mood (Spring et al.,
1984).
Results of our regression analyses confirmed that for females and males
nicotine replacement was not a significant predictor of change in total energy from
baseline. There is some evidence that suggests that smokers develop chronic tolerance
to nicotine compared with non-smokers, as the effect of nicotine administration on
caloric intake has been shown to be greater in non-smokers than smokers (Perkins,
1991). Therefore with smoking cessation, nicotine replacement may not suppress
caloric intake due to this chronic tolerance. This also suggests that those who have
smoked cigarettes for more years and who smoke more cigarettes per day are more
resistant to the hunger reducing effects attributed to nicotine or that have been
observed in non-smokers.

Our findings suggest that there are potentially other
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components of cigarettes that affect energy intake and or metabolism; and that nicotine
alone does not suppress appetite. The underlying mechanisms by which nicotine has
been shown in other studies to affect energy expenditure and energy intake remain
unclear. Exposure conditions (e.g., brand of cigarettes smoked, puffing volume), age,
gender, race and nutritional status may play a part in individual responsiveness to the
effects of smoking, and specifically to nicotine (Perkins, 1992).
These results suggest some methodological problems when evaluating the
relationship between smoking, dietary intake, and weight gain with cessation. There is
the possibility of under-reporting of food intake as many studies have shown that when
compared with independent measures of total energy expenditure (i.e. doubly-labeled
water), the use of dietary food records often leads to the under-reporting of energy
intake, especially in obese persons (Cameron and Van Staveron, 1988). Although
differences between treatment groups in the various macronutrients appeared to be
substantial, the sample size was insufficient to detect significant differences given the
large standard deviation in macronutrient intake. Nevertheless, it is apparent that the
impact of smoking cessation on weight gain carmot be fully explained by the increased
dietary intake of total energy and/or specific macronutrients. This implies that energy
expenditure is indeed altered by the process of smoking cessation. The relative
contribution of energy expenditure and change in dietary intake warrants further
evaluation.
Since the use of nicotine replacement precludes the use of biochemical
markers such as plasma nicotine or cotinine to validate self-reported smoking status, it
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is possible that some of the quitters were falsely reporting their smoking status. Since
cigarette smoking influences potential weight gain, false reports would bias our
findings and potentially underestimate differences between treatment groups. Also,
this study did not consider the subjects' attempts to limit weight gain after smoking
cessation, nor did it compare the resultant weight gain with factors such as body selfimage, eating behaviors, or history of weight gain with prior smoking cessation
attempts. Future studies should address these potential factors and their relationship to
weight gain with smoking cessation attempts.
This research is unique in that we describe the impact of nicotine transdermal
patch and smoking status on body weight, fat distribution, and dietary changes in
solely a Hispanic study population, of which 88% are Mexican-American. Therefore,
otu: findings have greater generalizability to Mexican-American populations rather
than study populations including other sub-groups of Hispanics. Future studies could
focus on multiple ethnic groups for understanding the relationships between nicotine
replacement, smoking status, and body composition changes and nutritional status
with smoking cessation. Available literature certainly supports the hypotheses that
weight-related issues promote smoking maintenance, and prevent many current
smokers from attempting cessation and/or promoting relapse to smoking for successful
quitters (Gritz et al., 1989).
Although the relationship between smoking and body weight has been well
established, mechanisms of understanding this relationship remain unclear. Available
evidence for the appetite suppressing qualities of nicotine are paradoxical with some
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studies finding nicotine acting as a suppressant (Grunberg, 1982; Redington, 1984),
while others find no effect of nicotine on post-cessation appetite (Fehily et al., 1984).
Future studies should determine whether the use of nicotine patch has a primary or
adjunctive role in reducing changes in body weight, %TBF, and circumference
measures, or alters the pattern of fat distribution with smoking cessation. If nicotine
replacement can independently attenuate body composition changes experienced with
smoking cessation, or works in conjunction with other pharmacological or behavioral
strategies, this information could potentially enhance the successflilness of multicomponent smoking cessation programs. The characteristics of individuals likely to
gain the most weight with smoking cessation (i.e., > 20 pounds) warrants further
investigation, because it is likely that these individuals may be more susceptible to
weight and adiposity related risk factors.

2.5 Conclusions and Proposed Future Research
Smoking cessation results in weight gain in Hispanic recent quitters. Nicotine
patch treatment significantly suppressed the weight gain for successful quitters
compared with PP treated quitters at 6 and 10 weeks; but at 16 weeks post-treatment
we found no significant differences in weight change between treatment groups for
quitters. Successful quitters compared to unsuccessful quitters (regardless of
treatment) significantly increased their %TBF at 16 weeks post-treatment. Adjusted
means for quitters versus non-quitters were 3.5% vs. 0.18%. Nicotine patch
significantly suppressed increases in % TBF for NP treated versus PP treated female
quitters at 6 and 10 weeks. However, there were no significant differences by
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treatment groups for males. At 26 weeks there no treatment differences in change in
% TBF for males or females. We found significant differences for females only in
upper arm circumference, but not for waist circumference by treatment group for
males and females. Central body fat did not significantly increase for successful
quitters compared with non-quitters even though the weight gain was found to be
significantly different. Both successful quitters and non-quitters increased their dietary
intake of total energy from BL to 10 weeks, but the differences were not significant.
In fact, the non-quitters had greater increases than quitters. Total sugar intake
significantly increased for successfiil quitters compared with non-successflii quitters at
10 weeks. For females and males, the effects of smoking status, treatment, and prequit smoking characteristics were not significant predictors of change in total energy
from BL.
Change in energy expenditure may play an important part in the weight gain in
recent quitters due to our finding of no significant differences between quitters and
non-quitters for change in self-reported dietary intake of total energy, and lack of a
significant association between change in total energy and change in body weight.
Future investigations are warranted to explore the relative contribution of dietary
intake and change in energy expenditure in relationship to the increase in body weight
observed with smoking cessation. Given the probable role of change in body weight
(or the fear of change in body weight with cessation), treatments designed to prevent
weight gain upon smoking cessation are essential. These treatments may help
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encourage weight-conscious smokers to initiate a quit attempt and may help prevent
relapse to smoking for successful quitters.
We recently submitted a research proposal to the Arizona Disease Control
Research Commission (ADCRC) to explore the relative contribution of dietary intake
and energy metabolism to post-cessation weight gain in middle-aged women. The
study design is a two-armed intervention trial (behavioral treatment versus control) in
women aged 30-45. Measurements of (1) smoking abstinence status, (2) body weight
and body composition, (3) dietary intake, (4) resting metabolic rate, and (5) physical
activity will be obtained at baseline, 6 and 26 weeks. The specific aims of the study
are: to assess specific dietary changes with smoking cessation (i.e. total energy,
percent of total energy consumed as carbohydrate, protein, fat, and total sugar), to
evaluate changes in body composition and resting metabolic rate associated with
cessation, and to identify pre-quit smoking characteristics such as number of years
smoking and number of cigarettes smoked per day, which potentially inpact these
changes. We are hypothesizing that diet has a significantly greater effect on the weight
gain observed with cessation than change in energy expenditure in middle-aged
women; that successful quitters compared with smoking controls will significantly
increase their dietary intake of total sugar; that the weight gain following smoking
cessation will be 50% lean composition and 50% fat composition; and that the
distribution of body fat with smoking cessation will be peripheral fat rather than
central body fat in successful quitters compared with smoking controls.
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ABSTRACT
Background. This study examined nicotine replacement effects and pre-quit smoking
characteristics on post-cessation weight gain in a primarily Mexican-American sample
of Hispanic smokers.
Methods. Hispanic smokers (108) were randomly assigned to receive either nicotine
transdermal patch or placebo patch for 10 weeks, and followed for 26 weeks, during
which time smoking status and weight change was measured.
Results. We found that nicotine treated quitters gained significantly less weight at 6
weeks (p< .05) compared with placebo treated quitters. The magnitude of weight gain
among nicotine treated quitters at 10 weeks was 2.5 kg compared with 3.7 kg for
placebo quitters. However, by 26 weeks the nicotine treated quitters had gained
similar weight as placebo treated quitters. Results of the multivariate mixed effects
analyses indicated that nicotine treatment was a significant predictor of weight gain,
and pre-quit smoking characteristics such as baseline number of cigarettes, number of
years smoking, and having less than 2 prior quit attempts were significant predictors of
weight gain for Hispanic smokers.
Conclusions. The use of nicotine patch treatment for smoking cessation effectively
attenuated weight gain for successful quitters compared with placebo treated quitters at
6 and 10 weeks; but by 16 weeks post-treatment there were no significant differences
among quitters by treatment group.
Key Words: smoking cessation, nicotine, transdermal nicotine, nicotine replacement
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INTRODUCTION
In recent years, reports based on the Hispanic Health and Nutrition
Examination Survey (HHANES) reveal an increase in smoking prevalence for the
Hispanic population living in the United States.(l) However, prevalence rates
continue to be lower for Hispanics overall than for some other ethnic groups; data
from the National Health Interview Surveys (NHIS) indicate that 20.2% of Hispanics,
versus 25.5% of non-Hispanic Whites, and 29.1% of Blacks currently smoke.(2)
NHIS data indicate that Hispanic males smoke more than non-Hispanic males (30.9%
vs. 28.2%), although smoking prevalence for Hispanic females (16.3%) is reported to
be lower than non-Hispanic females (23.4%).(2) However, there is evidence that
smoking prevalence is increasing for Hispanic females, especially those females that
have been identified as "more acculturated" into the US population. (3)
Smoking related illnesses, such as lung cancer and chronic obstructive
pulmonary disease, have primarily been reported in non-Hispanic White and Black
male smokers, and less often among Hispanic smokers, attributable to their lower
reported smoking rates. However, there is reason for concern within the Hispanic
community, as an increase in prevalence of lung cancer and chronic obstructive
pulmonary disease has been reported for Hispanic males in New Mexico.(4) In
addition, several studies report that Hispanics do not utilize preventive health services
as readily as the non-Hispanic population in the United States; thus, smoking related
illnesses may be diagnosed at a later stage of development in this population.(5,6)
One of the strongest predictors of morbidity and mortality is socioeconomic status;(7)
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several of the established risk factors for disease and initiation of smoking are present
in the Hispanic population such as lower education, lower income, higher rates of
unemployment, and lower utilization of preventive health care services.(3,7) In
addition, ethnic differences are apparent in social factors related to smoking,(7) and in
reported attitudes about quitting smoking.(3,8) There is evidence suggesting that
Hispanics may not maintain the attitude that they are addicted to smoking, as readily
as non-Hispanic Whites.(8)
There is little doubt that body composition characteristics such as body size,
relative weight, body mass index (BMI), and body fatness have important effects on
health, and may be related to the risk of cardiovascular disease, diabetes, and other
chronic diseases.(9,10) Changes in these physical characteristics that occur with the
onset of smoking and as a result of smoking cessation have been reported in
numerous studies.(11,12,13) A substantial body of literature is available that describes
a number of trends: smokers weigh less than non-smokers after adjustment for race,
gender, and socioeconomic status,(13) quitting smoking results in weight gain for
many ex-smokers,( 11,13,14,15) and fear of weight gain is a common reason given by
smokers for not attempting to quit smoking and relapse to smoking.(l 1,14) Weightrelated benefits are reported as primary reasons for continued smoking by at least one
third of smokers, and it appears that some individuals initiate smoking due to the
likelihood that smoking cigarettes will result in weight loss.(16) Nicotine has been
shown in some studies to exert a chronic suppression of appetite that results in reduced
body weight compared with non-smokers,( 17) and also increases the resting metabolic
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rate in many smokers.(I8) Thus, it is reasonable to expect that nicotine replacement
administered upon cessation of smoking may lessen the weight gain experienced by
many ex-smokers. Average weight gain tends to vary with smoking cessation; the
reported average is approximately 2-4 kg(l 1,19) occurring within the first six months
after quitting, with many ex-smokers gaining as much as 10-12 kg within the first year
of quitting. In addition, subsequent physical changes may have important
psychological implications to deter smoking cessation efforts and impact attainment of
successful abstinence from smoking.
To our knowledge, no studies have been conducted to evaluate whether similar
weight changes occur with smoking cessation in a Hispanic population as compared
with non-Hispanic Whites. In general, the number of Hispanic participants in
smoking cessation clinical trials has not been large enough to obtain reliable estimates
of the impact of quitting smoking on weight change. A survey evaluating nicotine
patch use in the general population revealed that only 3.4% of Hispanic smokers
compared with 13.8% of non-Hispanic Whites had utilized the nicotine patch during a
recent attempt to quit smoking.(20) The main objective of this study is to describe
weight change from pre-cessation weight as a potential outcome of smoking cessation
with and without the use of nicotine replacement (nicotine and placebo transdermal
systems) in a Mexican-American sample of Hispanic smokers living in Arizona.
Because of important gender differences in weight change with smoking cessation
reported in prior studies with the use of nicotine replacement ,(21,22) these
associations will be examined separately by gender. Determining the efficacy of
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nicotine patch treatment in suppression of weight gain among Hispanics who
successfully quit smoking will provide additional information regarding ethnic
differences in weight gain with the use of the nicotine patch, and factors that may
influence nicotine patch use and quit rates for this group. A secondary objective is to
examine the baseline (pre-quit) smoking chyjacteristics (e.g. number of cigarettes
smoked per day, previous quit attempts, number of years smoking) and evaluate their
potential relationship to cessation related weight gain in Hispanics. Since pre-quit
smoking characteristics have been reported to be important factors in predicting those
at greatest risk for weight gain upon cessation in primarily non-Hispanic White study
populations, (21,22,23) these characteristics will be evaluated in a Hispanic
population. If smoking characteristics related to weight gain specific to the Hispanic
population can be identified, smoking cessation programs that target Hispanic
smokers could incorporate this knowledge in smoking cessation strategies.
We hypothesized that 1) quitting smoking would result in significant weight
gain at 6, 10, and 26 weeks post-treatment compared to those who were unsuccessful
in quitting smoking; 2) nicotine replacement would suppress weight gain for those
who were successful at quitting smoking compared to successful quitters who received
the placebo treatment at 6 and 10 weeks post-treatment; 3) at 26 weeks, there would be
no significant weight differences between treatment groups; and 4)the number of years
smoking and smoking more cigarettes per day( pre-quit) would be significant
predictors of weight gain with cessation.
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METHODS
Hispanic Transdermal Nicotine Smoking Cessation Study
This investigation was based upon data obtained from a randomized clinical
trial to compare smoking cessation rates with the use of nicotine transdermal patch
(Nicoderm®) among Hispanic smokers, and factors that influence efficacy of this
treatment intervention (e.g., acculturation issues, suppression of withdrawal
symptoms). Details of the study design, sample population, and study procedures
have been documented elsewhere.(24) Hispanic adult male and female cigarette
smokers were recruited into the study from the Tucson metropolitan community
through public service announcements and local newspapers. Active recruitment of
both Spanish and English-speaking Hispanic smokers into the study was encouraged
through the use of Spanish and English language advertisements. To qualify for the
study, subjects must have identified themselves as Hispanic and have been at least 18
but not greater than 65 years of age, smoked at least 10 cigarettes per day for the
previous year, and not used nicotine replacement, or tried to quit smoking for the past
year. Participants must have signed an informed consent, and have been the only
member of the household participating in the study. The following medical conditions
were exclusionary: pregnant or lactating, high blood pressure, history of
cardiovascular disease, peripheral vascular disease, medically treated ulcer or
gastrointestinal disease, hepatic or renal disease, nervous system disorders, insulin
dependent diabetes, hyperthyroidism, or any dermatological conditions that precluded
transdermal patch use, psychiatric illness or regular use of psychotropic medication
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within the past year, or history of alcohol abuse, other recreational, or prescription
drugs within one year of study treatment. Levels of carbon monoxide (CO) in expired
breath (a biochemical index of smoking status) had to exceed 10 ppm at the screening
visit to qualify as a cigarette smoker.
At the screening visit, a medical questionnaire was completed by all potential
participants to obtain information regarding health status, followed by a physical exam
with a study physician. Information regarding current and past smoking behavior,
prior attempts to quit smoking, and previous use of nicotine replacement was also
collected. An acculturation scale, developed and validated primarily with a MexicanAmerican population,(25)was administered to obtain information regarding the
subjects' level of acculturation into a non-Hispanic culture. The Fagerstrom Nicotine
Tolerance Questionnaire was used to assess nicotine dependency.(26) The instruments
were bilingual, and Spanish speaking staff were available to participants during all
study procedures.

(Insert Figure 1 about here)

After eligibility was determined at the screening visit, eligible study
participants were invited to the clinic for a baseline visit and were assigned randomly
to receive either nicotine or placebo dosages of Nicoderm® transdermal system during
the first 10 weeks of the study, as shown in Figure I. The quit day was the day
following the baseline visit, the first day of treatment. The two treatments were
administered in a double-blind manner as one transdermal system applied daily and
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worn for 24 hours. After 10 weeks of treatment, study participants discontinued study
treatment, and were contacted for follow-up at 18 weeks (by telephone contact) and at
26 weeks (clinic visit). The study participants were provided minimal behavioral
support at each clinic visit with the use of the Committed Quitters booklet (written in
English and Spanish) developed by Marion Merrell Dow. Study staff provided
behavioral support from topics included in the booklet. Weight measures were
collected at the baseline and follow-up visits at two weeks (Visit 1), six weeks (Visit
2), ten weeks (Visit 3), and twenty-six weeks (Visit 4), following the protocol
described by Lohman et al.(27) Weight was measured while wearing light indoor
clothing (sweaters removed) without shoes. The participants were measured on a
leveled platform scale with a beam and moveable weights. The participant was
instructed to stand still over the center of the platform with their body weight evenly
distributed between both feet. The measurer stood behind the beam, facing the
subject, and moved the beam weights without touching the participant. Weights were
recorded to the nearest 100 g.

Statistical Analysis
Data were analyzed with weight change as the primary outcome variable. A
weight change score was calculated for each participant at each clinic visit (e.g. two,
six, ten and twenty-six weeks post-cessation). This value was computed as current
weight minus pre-cessation baseline weight. Given prior findings indicating a
relationship between initial body weight and the amount gained with smoking
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cessation,(I6) baseline weight was included as a covariate in all multivariate
statistical analyses of weight change. Baseline weight was categorized into weight
categories for males (> 80 kg and < 80 kg) and females (> 65 kg and < 65 kg)
separately, based on the median values. In addition, number of cigarettes smoked per
day was categorized into high consumption (> 20 cigarettes per day) and low
consumption (< 20 cigarettes per day), based on the mean cigarette consumption for
this study population. Baseline descriptive analyses for weight change included the
separation of the study population into four treatment groups: 1) active patch, quitters
(i.e. successful quitters), 2) active patch, non-quitters (unsuccessful quitters), 3)
placebo patch, quitters, and 4) placebo patch, non-quitters. Differences in subject
characteristics at baseline stratified by gender were compared between the treatment
groups with independent sample t-tests and chi-squared tests.
To evaluate the effects of smoking status, nicotine replacement, gender, and
smoking characteristics on weight change from baseline at 2, 6, 10, and 26 weeks, a
mixed effects regression model was utilized. Covariates entered in the model included
the following categorical variables: baseline weight, baseline number of cigarettes
smoked per day (< 20 or > 20, number of previous quit attempts (< 2 or > 2), gender,
treatment (nicotine or placebo patch), smoking status (quitter or non-quitter), and a
prior serious quit attempt lasting > 24 hours. The number of years smoking, age, and
the Fagerstrom Nicotine Dependency score were entered in the model as continuous
covariates. Participants who dropped out of the study at any time prior to study
completion were considered treatment failures (i.e. non-quitters) in the analyses. We
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employed two definitions of smoking status in the mixed effects models. In one
model, subjects were classified as quitters if they reported complete abstinence from
all tobacco use between 2 weeks (Visit 1) and 6 weeks (Visit 2) and a carbon
monoxide reading of < 10 ppm at 6 weeks. CO readings of >10 ppm and/or a selfreport of smoking any part of a cigarette between 2 and 6 weeks classified the
participant as a smoker. In the second model, smoking status was determined based
on whether or not the participant was not smoking at 6 months using the CO readings
of < 10 ppm and a self-report of complete abstinence. The statistical significance of
the independent variables was assessed using the overall tests of fixed effects (F
statistics); these statistics include the contribution of any interaction terms included in
the model. An unstructured covariance matrix was assumed for the repeated withinsubject measurements. All analyses were computed with SAS.(28)

(Insert Table 1 about here)

RESULTS
Subject Characteristics
The study sample of 108 subjects were primarily Mexican American (89%, n =
95), with only a small percentage of other Hispanic subgroups: Puerto Rican (n = 5),
Central (n = 3) or South American ( n = 4) and Cuban American (n=I). Descriptive
statistics for the Hispanic study population are shown in Table 1 stratified by gender
for the active and placebo groups. For females, Table 1 indicates that those
randomized to the active treatment group were significantly more acculturated {p <
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0.05), and had smoked more years (22.7 vs. 18.2 years, p < 0.05) than those
randomized to the placebo group. For males, those randomized to the active treatment
group had significantly greater success in previously quitting smoking for greater
than 24 hours than males randomized to the placebo treatment group (78% vs. 47%, p
< 0.05). For females and males, there were no differences between those who received
placebo or active treatment in mean weight, height, or body mass index at baseline.

(Insert Table 2 about here)
Weight Change
Mean weight changes from baseline weight (pre-quit weight) are shown in
Table 2 separately for each gender by treatment group assignment and smoking status.
Initially, at two weeks post-treatment, mean weight change from baseline for both
treatment groups was small in magnimde. However, at subsequent clinic visits the
overall weight change experienced by the successful quitters was greater than that
experienced by non-quitters, and differences between treatment groups became more
pronounced. By six weeks post-randomization, 86.3% of successful quitters had
gained weight, and by 10 weeks, 89.6% of those with continued abstinence had gained
weight. Virtually every single quitter at 26 weeks had gained weight. A majority of
non-quitters also gained weight, regardless of treatment assignment. The range of
mean weight changes for non-quitters across gender and treatment ranged from .88 to
1.3 kg at 6 weeks, .63 to 3.0 kg at 10 weeks, and -.68 to 2.2 kg at 26 weeks.

(Insert Figure 2 about here)
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Effects of Nicotine Replacement on Weight Change
Active nicotine patch treatment resulted in statistically significant higher quit
rates at 6 weeks (p < 0.01) and at 10 weeks (p < 0.05). However, there were no
differences between quit rates at 26 weeks {p = 0.446). We found that successful male
and female quitters who received the placebo treatment gained more weight compared
with quitters who received nicotine patch treatment at 2, 6, 10, and 26 weeks. Mean
weight change differences for successful quitters only in the nicotine patch versus
placebo treatment groups were statistically significant at 6 weeks (p < 0.05), but only
borderline significant at 10 weeks (p = 0.08). By 26 weeks, only 33 study participants
who had received the nicotine patch treatment and 18 participants receiving the
placebo treatment returned to the study site for measurements. For these subjects,
those who had received placebo treatment experienced greater mean weight gain than
found at earlier visits; but their weight change was not statistically different from the
nicotine patch treated group.

(Insert Figure 3 about here)

Figure 3 includes successful quitters only, shown by gender and treatment
assignment, and indicates that nicotine patch treatment was effective in reducing
weight change from baseline for both males and females. As Figure 3 indicates,
nicotine treated male quitters gained more weight than female quitters initially;
however, females gained more weight than males after nicotine patch treatment was
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discontinued between 10 and 26 weeks. At 10 weeks post-randomization, placebo
treated female quitters gained 4.1 kg compared with 2.3 kg among nicotine patch
treated females (p < 0.05). From the end of patch treatment at 10 weeks to the followup visit at 26 weeks female quitters who had received nicotine or placebo treatments
doubled their mean weight change from baseline: 2.3 kg to 5.9 kg and 4.1 kg to 8.5
kg, respectively, as shown in Figure 3. Comparisons between mean weight change in
males and females indicate that at two weeks, successful male quitters who received
placebo treatment had experienced twice the weight gain of female quitters in the
placebo group at 2 and 6 weeks (Figure 3). However, by 10 weeks placebo female
successful quitters had experienced greater weight change than males (4.1 kg vs. 3.4
kg), and this difference was more conspicuous at 26 weeks (8.5 kg vs. 6.6 kg for
placebo female and male quitters, respectively). These gender differences were found
in the nicotine patch treatment group also, but were not as striking.

(Insert Tables 3 and 4, about here)

Multivariate Modeling of Gender, Treatment, Baseline Weight, and Smoking
Characteristics on Weight Change
In our initial multivariate mixed effects analyses, final smoking status was
based on whether the study participants were smoking at 6 weeks; if a study
participant was smoking at 6 weeks, this was a strong predictor of smoking at 10 and
26 weeks {p < 0.0001 and p < 0.0001, respectively). The baseline number of cigarettes
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{p = 0.0074), and less than 2 previous quit attempts (p = 0.0099 ) were statistically
significant in the overall model. The number of years smoking was a marginally
significant predictor of weight change {p = 0.0797). Additionally, there was a highly
significant three-way interaction between gender, smoking status, and treatment {p =
0.0015) in the overall mixed effects model. To aid interpretation, models were
separately estimated for each gender (Table 3). For females, having made less than
two previous quit attempts (p = 0.0505) and the number of years smoking (p = 0.0954)
were marginally significant predictors of weight gain. For females, there was a
significant smoking by treatment interaction (p = 0.0115), in that quitters receiving
placebo treatment gained more weight than quitters receiving nicotine treatment. For
males, statistically significant predictors of weight gain were treatment group (p =
0.0020), baseline number of cigarettes (p = 0.0001), and smoking status (p = 0.0340).
We found that less than two previous quit attempts was marginally significant for
males (0.0979). For males, the interaction between smoking and treatment was not
significant (p = 0.16).
In addition, we repeated the analysis with smoking status based on whether
study participants were smoking at six months. In the overall model, baseline number
of cigarettes {p = 0.0108), and less than 2 previous quit attempts (p = 0.0077) were
statistically significant. The number of years smoking was found to be marginally
significant {p = 0.0633). We found a significant interaction between smoking status
and treatment {p = 0.0198) in the overall mixed effects model. Results are presented
separately by gender in Table 4. For females significant main effects included
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smoking status (p = 0.0073) and previous quit attempts (p = 0.0750). For males, we
found that smoking status (p = 0.0073), treatment group (j> = 0.0070), and baseline
number of cigarettes (p = 0.001) were significant main effects.

DISCUSSION
The findings of this study indicate that similar weight changes occur with
smoking cessation in a Hispanic study population as have been reported in other
clinical trials using the nicotine transdermal patch in largely non-Hispanic Whites.
The magnitude of weight gain reported in these studies was from 0.1 kg to 3.8 kg for
nicotine recipients compared with 2.5 kg to 5.3 kg in placebo recipients at the end of
treatment.(29-33) Similarly, in our study successful male and female quitters who
received nicotine patch treatment experienced a mean weight gain at 10 weeks (end of
treatment) of 2.6 kg and 2.3 kg respectively, and weight gains of 3.4 kg and 4.1 kg for
the placebo males and females, respectively. Although several clinical trials indicate
that nicotine patch treatment attenuated weight gain, no significant differences in
weight change were found in these studies between nicotine and placebo treated
subjects at the end of treatment (varied between 6-10 weeks), or at follow-up visits
(varied between 10-26 weeks).(21,29,30,31) Contrary to these studies, we found that
differences in mean weight changes were statistically significant at 6 weeks for
nicotine versus placebo treated successful quitters, and of borderline significance at 10
weeks. In addition, our findings support our study hypothesis that nicotine treatment
is a significant predictor of weight gain at 6 weeks, as indicated by the significant

89

main effect of treatment for males, and by our finding of a significant interaction
between treatment and smoking status for females.
As expected, the weight gain among successful quitters was considerably
greater than for those who continued to smoke. By 10 weeks, non-quitters had gained
slightly more than 1 kg compared to 3 kg for successful quitters, and by 26 weeks the
magnitude of the difference was even greater: I kg for non-quitters compared with 6.2
kg for quitters. These weight differences between quitters and non-quitters are similar
to findings reported in other smoking cessation clinical trials,(21,29,30,31) although
the magnitude of the difference is somewhat higher for this Hispanic study population
than the average weight gain reported across smoking cessation clinical trials. In a
review of fifteen prospective studies on smoking and body weight,(34) it was found
that the average weight gain among quitters was 2.1 kg (n = 4,647) and 0.36 kg for
non-quitters (n = 15,046).
As we hypothesized, after cessation of nicotine treatment at 10 weeks, weight
change at 26 weeks was found to be similar between the treatment groups. It is
apparent that the use of nicotine replacement in this study only delayed weight gain. It
is possible that nicotine replacement had a direct inhibitory effect on post-cessation
hunger and weight gain, and then when nicotine treatment was discontinued hunger
and weight gain increased. A second possibility is that nicotine replacement may have
had a direct effect on metabolic rate, as nicotine has been found to reduce weight
without changing food intake in a dose-dependent way .(35) Gender differences
regarding the effectiveness of nicotine replacement in suppressing weight gain were
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found in this sample population; however, further studies need to confirm these
findings in other sub-groups of Hispanic smokers. Gender differences have been
reported in other non-Hispanic White study populations, where females were found to
experience greater weight suppression with nicotine replacement than males.( 36) It is
also apparent that the amount of nicotine replacement during the 10 weeks of
treatment was not an adequate substitute for the smoking levels of nicotine, as weight
gain was only reduced in the nicotine treated group. Future studies should evaluate
the possible effects of increased dosages of nicotine delivered transdermally on postcessation weight gain, as there is evidence for a dose-response relationship found in
studies using nicotine gum.(36) The effects of withdrawal of nicotine treatment on
post-cessation weight gain, observed in this study and the nicotine gum literature(14)
should also be investigated further with nicotine transdermal patch.
The findings of the current investigation should be interpreted cautiously due
to the following limitations. Selection bias cannot be ignored, even though all study
forms were prepared in both Spanish and English, and administered by Spanish
speaking personnel. It is possible that more acculturated Hispanic smokers with less
language and transportation barriers volunteered to participate. This selective
enrollment may underestimate differences between Hispanic and non-Hispanic
smoking populations. Additionally, our study population is primarily MexicanAmerican so that results cannot be generalized to other sub-groups of Hispanics.
However, since our results for Mexican-American Hispanics were similar to findings
for non-Hispanic Whites in other studies, it is unlikely that other Hispanic sub-groups
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would differ too much in respect to the weight gain experienced with smoking
cessation.
Since the use of nicotine replacement precludes the use of biochemical
markers such as plasma nicotine or cotinine to validate self-reported smoking status, it
is possible that some of the quitters were falsely reporting their smoking status. Since
cigarette smoking influences potential weight gain, false reports would bias our
findings and potentially underestimate differences between treatment groups. Also,
this study did not consider the subjects' attempts to limit weight gain after smoking
cessation, nor did it compare the resultant weight gain with factors such as body selfimage, eating behaviors, or history of weight gain with prior smoking cessation
attempts. Future studies should address these potential factors and their relationship to
weight gain with smoking cessation attempts.
Future investigations should determine whether the use of nicotine transdermal
patch has a primary or adjunctive role in reducing post-cessation weight gain. If
nicotine replacement can independently attenuate the weight gain experienced with
smoking cessation, or works in conjunction with other weight-reduction behaviors
(e.g. stress management, healthy dietaiy habits, and exercise habits), this would be a
valuable addition to multi-component smoking cessation programs. This study also
suggests that pre-quit smoking characteristics such as number of cigarettes per day,
number of years smoking and prior quit attempts are important predictors in Hispanic
smokers of those who may be at greatest risk of post-cessation weight gain.
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Recognition of these characteristics may help in the selection of appropriate treatment
strategies for smoking cessation.
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Table 1: Baseline Characteristics of Hispanic Study Population
Mean and (SEM)
Variable

Active

FEMALE
Placebo

MALE
Active

Placebo

N

31

24

23

30

Weight (kg)

72.6 (2.3)

70.2 (2.6)

83.4 (2.8)

83.7 (2.5)

Body Mass Index (BMI)

27.5 (0.73)

27.2 (1.1)

28.2 (0.87)

27.9 (0.79)

Height

63.8 (0.42)

63.3 (0.44)

67.6 (0.47)

68.3 (0.78)

Education

13.3 (0.66)

13.0 (0.54)

13.5 (0.65)

12.3 (0.55)

Age

42.3 (1.6)

38.3 (1.4)

42.7 (2.1)

40.7 (1.4)

Cigarettes/Day

17.6 (1.2)

20.0 (1.5)

20.4 (1.8)

22.4 (2.4)

Carbon monoxide level (CO)

18.8 (1.3)

18.9 (1.9)

20.8 (2.1)

21.5 (1.7)

Number of years smoking

22.7 (1.5)*

18.2 (1.5)

23.5 (2.3)

23.4 (1.8)

Pack years

20.2 (2.1)

17.8 (1.8)

24.1 (3.0)

26.1 (3.4)

3.0 (0.44)

Fagerstrom Nicotine
Dependence Score

3.8

1

p

Previous quit attempts

3.2 (0.60)

5.7 (2.4)

3.0 (0.61)

4.8 (0.47)

4.6 (0.51)

4.9 (0.38)

Acculturation (% more)

80.6%*

54.2%•

43.5%

63.3%

Quit > 24 hours (% yes)

52.0%

50.0%

78.0%.*

47.0%

'^significantly greater than the placebo group (p < 0.05)
SEM = standard error of the mean

Table 2; Mean Weight Change (kg) ± (SEM) from Baseline at 2, 6,10, and 26 weeks
For Quitters (Q) and Non-Quitters (NQ)

VI (2 weeks)

Variable

Number
of
Subjects

Active

Females

Males

Females

Males

Females

V4 (26 weeks)

Females

Males

Males

<2

NQ

Q

m

2

NQ

Q

NQ

O

NO

O

NO

2

NQ

Q

Mi

10

19

15

7

19

6

14

6

13

10

12

5

6

12

6

9

14

9

17

8

8

10

11

5

9

9

9

4

6

4

4

Placebo 6

Mean
Weicht
chanee
(kg)
Active

V3 (10 weeks)

V2(6wccks)

.58(48) .34(.22) .62(.29) .78(.24) 1.5(.31) .54(.49) I.9(.41)

1.0(.53) 2.3(.54) l.5(.54) 2.6(.48) 3.0(.62) 5.9(1.5) 2.2(.84) 4.7(1.1) .83(.47)

Placcbo .91(.22) .83(.42) 1.7(.48)' .79{.35) 1.6(,85) 1.3(.22) 3.1(.67)' .88(,42) 4.1(.57)' .63(.56) 3.4(.76) .81(.65) 8.5(2,8) .89(1.3) 6.6(1.9) -68(1.4)

SEM = Standard error of the mean
* significantly greater than active group (p< 05) in each gender
' greater than active group ( p = .08 ) in each gender

O
OO

Table 3; Tests of Mixed Effects Model (ANCOVA) of Weight Change
Smoking Status at 6 Weeks

Females
Source
Age
BLWeight (categorical)*
Smoking
Treatment
Quit > 24 hours
Years smoking
BL Cigarettes (categorical)''
Previous quit attempts (categorical)'
Fagerstrom
SMK • TRT^

Coefficient
-0.017
0.404
-1.052
0.039
0.365
-0.049
-0.039
-0.754
0.114
0.794

SE
0.029
0.303
0.486
0.448
0.321
0.027
0.399
0.314
0.080
0.636

Pr>F'
0.434
0.385
0.014
0.789
0.329
0.095
0.940
0.050
0.108
0.012

SE
0.031
0.320
0.337
0.426
0.360
0.027
0.338
0.344
0.111
0.777

Pr> F
0.458
0.883
0.002
0.034
0.802
0.157
0.000
0.098
0.601
0.428

Males
Source
Age
BLWeight (categorical)*
Treatment
Smoking
Quit > 24 hours
Years smoking
BL Cigarettes (categorical)''
Previous quit attempts (categorical)'
Fagerstrom
SMK • TRT^

Coefficient
0.023
0.048
1.133
-0.942
-0.090
-0.039
-1.512
-0.585
-0.058
-0.624

' <80kg, >80kg(Males), <65kg, >65kg(Females)
<20 and >20
'<_2 and >2
= smoking status by treatment interaction
' = p-value from overall tests of fixed effects
BL = Baseline
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Table 4: Tests of Mixed Effects Model (ANCOVA) of Weight Change
Smoking Status at 6 Months
Females
Source
Age
BLWeight (categorical)*
Smoking
Treatment
Quit > 24 hours
Years smoking
BL Cigarettes (categorical)''
Previous quit attempts (categorical)'^
Fagerstrom
SMK » TRT*

Coefficient
0.007
0.294
-0.886
-0.137
0.255
-0.050
0.229
-0.753
0.071
0.794

SE
0.030
0.333
0.560
0.718
0.360
0.029
0.440
0.343
0.090
0.794

pr >r
0.804
0.391
0.054
0.698
0.482
0.100
0.610
0.037
0.446
0.137

SE
0.031
0.320
0.323
0.358
0.351
0.027
0.332
0.082
0.082
0.777

Pr> F
0.330
0.997
0.007
0.007
0.914
0.124
0.000
0.075
0.309
0.428

Males
Source
Age
BLWeight (categorical)'
Treatment
Smoking
Quit > 24 hours
Years smoking
BL Cigarettes (categorical)''
Previous quit attempts (categorical)'^
Fagerstrom
SMK • TRT"

Coefficient
0.031
-0.001
0.925
-1.020
0.038
-0.043
-1.477
-0.626
-0.085
-0.624

* <80kg, >80kg(Males), <65kg, >65kg(Females)
'• <20 and >20
'^2 and >2
= smoking status by treatment interaction
' = p-vaiue from overall tests of fixed effects
BL = Baseline
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FIGURE LEGENDS

Figure 1: Study scheme
Figure 2: Percentage of quitters versus non-quitters that gained weight at 6, 10, and
26 weeks
Figure 3: Mean weight change from baseline for quitters
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Figure 1: Study Scheme

Primary Efficacy

Weaning Phase

Follow-up

Timeline(wk;)

-

Treatment A:

Sc

P

P

P

Treatment B:

Sc

22cm"

22cm*

22cm' 15 cm* 7 cm*

Clinic Visits:

V-I

1

0

VO
(BL)

2

VI

4

6

8
P

V2

1
P

0
none
none
V3

Sc = Screening at visit-1
VO = Baseline (BL), randomization to treatment, start of treatment
P = Placebo patch
22 cm*. 15 cm" . 7 cm" = Nicotine transdermal patch delivering 21. 14, and 7 mg of
nicotine, respectively

^
none
none
V4

Figure 2: Percentage of Quitters vs. Non-quitters
that Gained Weight at 6, 10, and 26 weeks

% gain Quitters
% gain Non-Quitters

Figure 3: Mean weight change from baseline: Quitters

12 n
10 -

Mean
weight
change

(kg)

g

6-

2wks

6wks

10wks

26 wks

APPENDIX B
THE REDISTRIBUTION OF BODY FAT WITH SMOKING
CESSATION IN HISPANICS AND WITHOUT THE USE OF
NICOTINE TRANSDERMAL PATCH
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ABSTRACT
This study examined nicotine replacement effects on changes in distribution
of body fat in Hispanic smokers. Hispanic smokers (108) were randomly assigned to
receive nicotine or placebo patch for 10 weeks, and followed for 26 weeks. The
following outcome variables were evaluated: percent total body fat (%TBF), waist and
arm circumferences, conicity index (C-index), a measure of abdominal adiposity, and
subscapular to tricep ratio (STR), a measure of central versus peripheral body famess.
Age, smoking status, treatment, baseline (BL) weight, and pre-quit smoking
characteristics were entered as covariates in a mixed effects regression model.
We found that Hispanic smokers who successfully quit smoking compared
with non-quitters experienced significant increases in %TBF(p=0.02), arm (p=0.01)
and waist (p=0.005) circumferences at 26 weeks. Results of the multivariate mixed
effects analyses indicated that nicotine treatment was a marginally significant
predictor of change in %TBF (p=0.093) for females, but not for males (p=0.986). For
males, the number of years smoking (p=0.013) and to have previously quit smoking
>24 hours (p=0.004) were significantly associated with change in %TBF. For females,
changes in arm circumference were related to smoking status and the Fagerstrom
nicotine dependency score and waist circumference changes were significantly related
to treatment and number of previous quit attempts. For males, changes in arm
circumference were related to BL number of cigarettes and waist circumference
changes were significantly related to smoking, number of previous quit attempts, and
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the Fagerstrom score. We found that for both males and females, changes in body
weight were negatively correlated with changes in the STR (r = -.19 and -.16,
respectively, NS).
Our findings suggest that with smoking cessation central body fat does not
increase for Hispanics which may potentially affect the lipid profile and risk of
smoking related disease.
Key words: Smoking cessation, fat patterning, nicotine patch, Hispanics
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INTRODUCTION
An important issue to consider with smoking cessation is the possibility of
accompanying weight gain. The psychological and sociological implications of weight
gain and body fatness in our society are well documented (1,2). This has practical
implications because the weight gain that often occurs with smoking cessation is one
of the main factors associated with failure of smoking cessation (3) and lack of
motivation to quit smoking (1,4). Although approximately 80% of smokers who
successfully quit smoking gain weight, most experience a minimal weight increase of
2-4 kg (4-10 lb.) within 6 months of cessation (4, 5). Indeed, very few successful
quitters gain an excess of 20 pounds; thus, the associated weight gain seems to pose a
minimal health risk for most ex-smokers (4).
Several studies indicate that body fat distribution has more association with
health status than body weight (6-8). Specifically, central body fat distribution is
associated with increased cardiovascular risk factors such as high triglyceride levels
and low high-density lipoprotein cholesterol levels (7-10). In fact several diseases
such as diabetes (7, 11) stroke (6), and reproductive cancers in women (12) have been
related to a central distribution of body fat. Cross-sectional and longitudinal studies
show that smoking is also associated with a central (7, 13) and upper body pattern of
fat distribution (4, 14). It has been shown that current smokers have a smaller hip
circumference and a greater waist circiunference than nonsmokers, adjusted for age
and body mass index (BMI) (13). Furthermore, waist circumference has been found to
increase progressively with the number of cigarettes smoked per day (13). Although
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smoking cessation is accompanied by weight gain, studies involving ex-smokers
indicate that quitting smoking does not increase waist circumference or central
adiposity (13, 14). Considering these findings, there is substantial evidence that
continued smoking rather than smoking cessation may increase weight related health
risks. If quitting smoking results in weight gain without significant changes in
percentage of body fat or significant worsening of the fat distribution pattem, this may
provide additional motivation to quit smoking and help prevent relapse to smoking.
Body fat distribution is characterized by several parameters: a ratio of waist to
hip circumference (WHR), a measure of upper body fat versus lower body fat; a ratio
of subscapular-to-triceps skinfold (STR), a measure of central adiposity, and the
conicity index (C-index), a measure of body shape change from a cylinder to a cone ( a
"double cone"), with the addition of fat around the waist or abdomen. The C-index
has an expected theoretical range of 1.0 (perfect cylinder) to 1.73 (perfect doublecone). This index is useful in comparing individuals with different height and weight
measurements, and does not require a hip circumference measurement. Studies have
shown that the C-index is comparable to the waist to hip ratio (WHR) as an indicator
of health parameters such as cholesterol, triglyceride, glucose, and insulin levels (15).
Numerous studies indicate that Mexican Americans have more overall obesity,
centralized obesity, and upper-body adiposity in comparison with non-Hispanic
Whites (16, 17). Mexican-Americans also have a higher prevalence of non-insulindependent diabetes, and higher triglyceride and lower HDL-C levels than nonHispanic whites (18-20). Moreover, the STR and WHR have been associated with
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high rates of non-insuiin dependent diabetes, low HDL-C levels, and high triglyceride
levels in a sample of Mexican-Americans (21). It also has been reported in the U.S.
that Hispanic females have a greater BMI and prevalence of obesity than nonHispanic females (16, 17).
We have recently reported the impact of nicotine replacement on smoking
cessation and weight gain in a Hispanic population enrolled in a randomized clinical
trial evaluating the nicotine transdermal patch (22). Briefly, although quit rates were
significantly higher at 6 and 10 weeks (p < 0.01 and p < 0.05, respectively) in those
receiving the nicotine patch during treatment compared with those receiving the
placebo patch, we found no significant differences in quit rates (p = 0.446) at 16 weeks
post-treatment. Mean weight change differences for successful quitters (not separated
by gender) in the nicotine patch versus placebo treatment groups were statistically
significant at 6 weeks (p < 0.05), but only borderline significant at 10 weeks {p =
0.08), and no treatment effect was observed by 26 weeks (p = Q.\2). We found gender
differences in weight change among treatment groups as early as 6 weeks postrandomization as placebo treated male quitters had gained significantly more weight
than the nicotine treated male quitters (3.1 kg vs. 1.9 kg, p < 0.05); whereas female
placebo and nicotine treated female quitters experienced the same weight change of
1.5 kg. This was inconsistent with the literature as most studies report females to gain
more weight than males with smoking cessation (23, 24). Also, there is some
indication that nicotine gum may be more effective than nicotine patch in suppressing
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weight gain with smoking cessation; although it is difficult to interpret the findings as
sample populations and treatment protocols have differed across studies (24-27).
We have not found any studies that have evaluated body composition changes
that occur with smoking cessation in an exclusively Hispanic population. Thus, this
paper addresses body composition changes in Hispanics who were successful at
quitting smoking compared with unsuccessful quitters, with and without the use of a
nicotine patch. Furthermore, pre-quit smoking characteristics that are related to these
changes are identified. Determining the efficacy of transdermal nicotine treatment
among Hispanic smokers, in preventing these changes, provides additional
information regarding ethnic differences in body composition changes during quit
attempts, and factors that may influence these changes. We have hypothesized that I)
successful quitters regardless of treatment would significantly increase total body
fatness, waist and arm circumferences, and skinfold thickness compared with nonquitters; 2) quitting smoking with the use of nicotine replacement would suppress the
gain in %TBF and waist and arm circumferences compared to successful quitters
during the treatment phase; 3) by 6 months, 16 weeks post-nicotine replacement
treatment, there would be no significant differences in %TBF and waist and arm
circumferences between treatment groups among successfial quitters; and 4) successful
quitters regardless of treatment would not significantly increase their upper-body or
central body fat distribution pattern fi-om BL as evidenced by the C-index, changes in
waist circumference, and/or changes in STR compared with non-quitters.
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METHODS
Study Design
This research was part of a randomized double-blind clinical trial to compare
smoking cessation rates with the use of nicotine transdermal patch (Nicoderm ) versus
placebo patch among Hispanic smokers. Details of the study design, sample
population, and study procedures have been documented elsewhere (22). Briefly,
male and female cigarette smokers who identified themselves as Hispanic were
recruited into the study from the Tucson metropolitan community. Active recruitment
of both Spanish and English-speaking Hispanic smokers was encouraged through the
use of Spanish and English public service announcements and newspaper
advertisements. To be eligible, Hispanic smokers must have been between the ages of
18 and 65, must have smoked at least 10 cigarettes per day for the previous year, and
must not have attempted to quit smoking or used any form of nicotine replacement
during the previous year. A history or presence of the following medical conditions
was exclusionary: cardiovascular disease, high blood pressure, insulin dependent
diabetes, hepatic or renal disease, peripheral vascular disease, medically treated ulcer
or gastrointestinal disease, nervous system disorders, hyperthyroidism, or any
dermatological conditions that precluded transdermal patch use. Women who were
pregnant or lactating were also excluded. Regular use of psychotropic medication
within the past year, history of alcohol abuse, or other recreational or prescription
drugs within one year of study treatment were exclusionary. Levels of carbon
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monoxide (CO) in expired breath had to exceed 10 parts per million (PPM) at the
screening and BL visits.
At the screening visit, several questionnaires were administered by bilingual
study staff. Potential participants completed a medical questionnaire to assess health
status, a smoking history questionnaire to collect information regarding smoking
behavior and previous smoking cessation attempts. Both questionnaires were
developed and utilized in our clinic in various clinical trials evaluating the efficacy of
nicotine replacement for smoking cessation (22). The level of acculturation into
American cultxire was assessed by an acculturation questionnaire, developed and
validated primarily with a Mexican-American population (28). Nicotine dependency
was assessed by the Fagerstrom Nicotine Tolerance Questiormaire (29). A physical
exam was conducted on all potential participants by our study physician after
reviewing the information recorded on these questionnaires.
Eligible subjects were randomized to receive either nicotine or placebo dosages
of Nicoderm® transdermal system at the BL visit, which was scheduled within 2 weeks
of the initial screening visit (Figure 1). The transdermal patches were to be worn
daily for 24 hours for the following 10 weeks. For the initial 6 weeks, participants
were instructed to use the 21 cm^ patches; between weeks 6 and 8 participants were
reduced to the 15 cm^ patches; and between weeks 8 and 10 the patch size was
reduced to 7 cm^. The nicotine patches delivered approximated 21, 14, and 7 mg of
nicotine, respectively in the three patch sizes. The placebo patches provided a very
small amount of nicotine, less than 1 mg, to smell and feel similar to the nicotine patch
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to maintain blinding of treatment assignment. At 10 weeks, study participants
discontinued patch treatment, and were contacted for follow-up at 18 weeks (by
telephone) and at 26 weeks (clinic visit). All study participants were provided
minimal behavioral support with the use of the Committed Quitters booklet (written in
English and Spanish) developed by Marion Merrell Dow. Study staff provided
behavioral support from topics included in the booklet.
Weight and Height Measures
Weight measurements were collected at the BL and follow-up visits at two
weeks (Visit 1), six weeks (Visit 2), ten weeks (Visit 3), and twenty-six weeks (Visit
4), following the protocol described by Lohman et al.(30). Study participants were
measured on a leveled platform scale with a beam and moveable weights and recorded
to the nearest 100 grams. Weight was measured while wearing minimal clothing
(sweaters removed) without shoes. Standing height was taken at the BL visit with a
stadiometer, a vertical board with an attached ruler and horizontal headboard that
measures the most superior point on the head. The measurement was taken to the
nearest 0.1 cm. BMI was calculated as weight in kilograms divided by height in
meters squared (kg/m^).
Skinfold measures
Selected skinfold thicknesses (triceps, subscapular, suprailiac, chest, and thigh)
were measured according to the Anthropometric Reference Manual (30). Three
skinfold thickness measures were taken on the right side of the body with a Lange
skinfold caliper (Cambridge Scientific hidustries, Cambridge, MD). Due to
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differential body fat distribution among males and females, different sites were
measured to determine body fatness for each gender. For males the three skinfold sites
measured were the triceps, chest, and subscapular. The triceps skinfold thickness was
measured directly posteriorly over the right triceps muscle at a level midway between
the acromial and olecranon processes with the arm relaxed at the side. The
subscapular skinfold thickness was measured on the right side, just below the inferior
angle of the scapula. The chest skinfold thickness was a diagonal fold taken between
the axilla and nipple on the anterior axillary fold. For females the three sites
measured were the triceps, anterior suprailium, and the thigh. The triceps skinfold was
taken as described above for males. The anterior suprailiac skinfold thickness was
taken as a diagonal fold located above the crest of the ilium at the spot where an
imaginary line would come down from the anterior axillary line. The thigh skinfold
thickness was taken in the midline of the anterior aspect of the thigh, midway between
the inguinal crease and the proximal border of the knee. Three repeat measurements
were taken at each site with the mean used for data analysis. Additional measurements
were taken at a site if the measurement was not within 0.10 of the other measures (i.e.
for thicknesses between 1-10, allowed to be off by I digit; for thicknesses between
11-20, allowed to be off by 2 digits). All study measurements were taken by two
experienced technicians, with all meastu^ements for a given study participant taken by
the same measurer throughout the study, to prevent inter-observer differences. The
skinfold measurements were used to predict body density using the generalized body
density equations for women and men suggested by Jackson and Pollock (31).
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Circumference measurements
Body circumference measurements were taken on males and females at the midarm and waist sites (30). Both sites were measured in centimeters (cm) with the use of
a flexible, fiberglass tape measure (Miltex, Japan). The waist circumference was
measured horizontally at the narrowest part of the torso between the ribs and iliac
crest. The mid-arm circumference was measured on the right arm at the level midway
between the acromion process of the scapula and olecranon process of the ulna. The
mean of three readings was taken as the measurement for each circumference.
Statistical Analyses
Data were analyzed separately for each outcome variable: %TBF, waist and arm
circumferences, C-index, and the STR. A change score for each outcome variable was
calculated from measurements taken at each clinic visit (e.g. six, ten, and twenty-six
weeks post-cessation), minus their BL value. Descriptive analyses for differences
among treatment groups were computed by stratifying the study population by gender,
and then further dividing males and females into the following four groups I) nicotine
patch, quitters (i.e. successfiil quitters), 2) nicotine patch, non-quitters (unsuccessful
quitters), 3) placebo patch, quitters, and 4) placebo patch, non-quitters. Subjects were
classified as quitters if they reported complete abstinence from all tobacco use between
2 weeks (Visit I) and 6 weeks (Visit 2) and a CO reading of < 10 PPM at 6 weeks.
CO readings of >10 PPM and/or a self-report of smoking any part of a cigarette
between 2 and 6 weeks classified the participant as a non-quitter. Participants who
dropped out of the study at any time prior to study completion were considered
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treatment failures (i.e. non-quitters). Differences in subject characteristics at BL were
computed by stratification of the sample by gender and treatment group and analyzed
with independent sample t-tests and chi-squared tests.
A mixed effects regression model was employed to evaluate the significance of
pre-quit smoking characteristics, treatment and smoking status (i.e. quitter versus nonquitter), on the change from BL in the outcome variables measured at 6, 10, and 26
weeks. Mixed effects regression models were used to account for the multiple
measurements obtained across time within each participant. Modeling was performed
separately for each gender, due to known gender differences in body composition (30).
BL weight was categorized based on the median values for each gender in the study
population (> 80 kg and < 80 kg for males and > 65 kg and < 65 kg for females). BL
number of cigarettes smoked per day was categorized into two groups: > 20 cigarettes
per day and < 20 cigarettes per day, based on the mean cigarette consumption for this
study population. The following categorical variables were included as covariates:
treatment, smoking status, BL weight, BL number of cigarettes smoked per day,
number of previous quit attempts (< 2 or > 2), and a prior serious quit attempt lasting
> 24 hours. The number of years smoking, age, and the Fagerstrom Nicotine
Dependency scores were entered in the model as continuous covariates. At 26 weeks,
we utilized a two-way analysis of variance with each outcome variable and smoking
and treatment entered in the model to evaluate the effects of smoking cessation
separately from treatment. F statistics were used to determine the statistical
significance of each covariate. Each model initially included the interaction term
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between smoking and treatment, with this term removed from the subsequent model if
its significance exceeded p > 0.10. For the repeated within-subject measurements, an
unstructured covariance matrix was assumed. Stata (32) was used for descriptive
analyses and SAS (33) for the mixed effects regression modeling.

RESULTS
BL Characteristics of Study Population
Descriptive statistics for the Hispanic study population (n = 108) are shown in
Table I, stratified by gender and treatment assignment groups. For females. Table 1
indicates that participants randomized to the active treatment group were significantly

{p < 0.05) more acculturated (80.6% vs. 54.2%), and had smoked more years (22.7 vs.
18.2 years); and they had marginally significantly greater (0.05</? < 0.1) mean %TBF
(31.3% vs. 28.1%). For males, those randomized to the active treatment group had
significantly {p < 0.05) greater success in previously quitting smoking for greater than
24 hours (78% vs. 47%), and had a marginally significant (0.05</? < 0.1) greater STR
. For females and males, there were no significant differences among treatment groups
in mean weight, height, BMI, circumference measures, or C-index at BL.
Effects of nicotine versus placebo patch on %TBF and measured anthropometric
variable changes fi'om BL during treatment (6 and 10 weeks')
Longitudinal changes in %TBF and anthropometric measures at 6 and 10
weeks are shown in Table 2 separately for each gender by treatment group and
smoking status. Increases in %TBF at 6 weeks were experienced by placebo treated
male and female quitters (1.5% and 3.0%, respectively) versus nicotine treated male
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and female quitters (0.65% and 0.19%, respectively). The differences between
treatment groups in %TBF chdxigc reached marginal significance for females only (p =
0.07) at 6 weeks, and significance at 10 weeks (p < 0.05). For males, there were no
significant differences between treatment groups at 6 or 10 weeks. Figure 2
illustrates the mean %TBF differences and change in waist and arm circumferences by
gender and treatment assignment for quitters only at the end of treatment (10 weeks).
Changes in upper arm circumference were greater in the placebo group for
both male and female successful quitters compared with nicotine treated subjects at 6
and 10 weeks; these differences were statistically significant only for females at 10
weeks (p < 0.05). Although waist circumference showed greater increases in female
quitters receiving nicotine treatment versus placebo treated females at 6 and 10 weeks,
these differences were not statistically significant. However, due to the increase in
waist circumference for nicotine treated females the change in C-index was found to
be statistically significantly greater among nicotine compared with placebo treated
females at 6 weeks {p < 0.05). Waist circumference increased for both treatment
groups for males; there were no significant differences between the active and placebo
treated groups.
Effects of smoking cessation
Participants discontinued treatment at week 10 and were off treatment for 16
weeks prior to returning to the clinic at week 26. At 26 weeks, the results of the twoway analysis of variance with each outcome variable and smoking and treatment in the
model revealed that for females smoking status was a significant factor in determining
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the %TBF (p < 0.05). The adjusted means for change in total percent body fat for
successful quitters compared with non-quitters were 3.5% versus 0.18%, respectively.
For females, the ANOVA models revealed significant interactions (p=Q.05) between
smoking and treatment for change in arm circumference and change in C-index.
Female quitters in both the active and placebo groups experienced similar changes in
arm circumference (1.6 cm and 1.7 cm, respectively); whereas, the non-quitters in the
active and placebo groups experienced smaller changes (0.80 cm versus 0.51 cm,
respectively). Female nicotine treated quitters and non-quitters experienced positive
changes in C-index (i.e. an increase in abdominal fatness), whereas placebo treated
quitters and non-quitters experienced negative changes in the C-index (i.e. a decrease
in abdominal fataess) (Table 2). For males, smoking status was significant for
change in %TBF (p<0.01) and change in arm circumference (p<0.01). The adjusted
means for change in %TBF and arm circumference for quitters versus non-quitters
were 2.4% versus -1.6% and 0.96 cm versus -0.53 cm, respectively. For males we
found a significant interaction between smoking and treatment for C-index.
Mixed effects models of anthropometric changes: Effects of Pre-quit smoking
characteristics, treatment, and smoking status
Mixed effects models were used to assess the effects of smoking status and
treatment, adjusted for BL characteristics. The overall mixed effects model for change
in %TBF is shown in Table 3 separately for each gender. For females, treatment was
found to be a marginally significant predictor of change in %TBF; the effect of
smoking was not significant (p = 0.30). For males, to have successfully quit smoking
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prior to treatment > 24 hours was found to be a statistically significant predictor of
increased %TBF (p = 0.004). Two additional independent variables were found to be
significant: the number of years smoking {p = 0.013) and the number of previous quit
attempts (p = 0.059). There was a significant interaction between smoking and
treatment (p = 0.040). For male quitters only at 10 weeks, additional analyses
indicated that the Fagerstrom score (0.040) was an important predictor of change in
%TBF. We could not evaluate the significant predictors separately for smokers
because of the limited sample size of smokers compared with the number of
independent variables measured.
Significant predictors for changes in arm circumference are shown in Table 4
separately for each gender. For females significant predictors included smoking status
(p = 0.043), and the marginally significant Fagerstrom score (p = 0.075). For males,
we found a significant smoking by treatment interaction (p = 0.022), and a marginally
significant effect of the BL number of cigarettes (p = 0.086). Significant predictors of
waist circumference changes for females were treatment (p = 0.008) and the number of
previous quit attempts (p = 0.050). For males significant predictors of change in waist
circumference were smoking status (p < 0.001), the number of previous quit attempts
(p = 0.020), and the Fagerstrom score (p = 0.004).
Significant predictors of change in the C-index are also shown in Table 4. For
females treatment was highly significant (p = 0.0008); whereby, females receiving the
nicotine treatment experience a greater change in c-index compared with placebo
treated females. For males, significant predictors were the number of previous quit

attempts {p = 0.019), and the Fagerstrom score {p =0.008), BL number of cigarettes
(0.070) amd the BL weight (p = 0.088). There was a marginally significant interaction
for smoking and treatment ( p = 0.072). Table 4 also includes significant predictors of
change in STR skinfold thicknesses. For females, the BL number of cigarettes was
significant (/? = 0.035). For males, we found no significant predictors of the STR
change.

DISCUSSION
These results, combined with our earlier results on weight change (22) indicate
that Hispanic smokers (male and female) who successfiilly quit smoking compared
with non-quitters (irrespective of treatment) experienced significant increases in
weight {p = 0.001), %TBF {p =0.02), upper arm (p = 0.01) and waist {p =0.005)
circumferences at 6 months. However, these changes did not lead to substantial
increases in central or upper body adiposity as indicated by the results of small and
non-significant changes in the C-index and the STR. Additionally, as we
hypothesized, quitting smoking with the use of nicotine replacement suppressed the
gains that we observed in %TBF, mid-arm circumference, and sum of skinfolds
compared to successftil quitters who received the placebo treatment at 6 and 10 weeks
post-treatment.
Gender differences regarding the effectiveness of nicotine replacement in
minimizing changes in anthropometric measures were found in this sample population.
The difference between treatment groups in %TBF change reached marginal
significance for females only (p = 0.07) at 6 weeks and 10 weeks {p < 0.05); however.
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the difference for males in %TBF change was not significant. Overall, at 6 months
the changes in %TBF for female nicotine treated quitters were greater than for male
nicotine treated quitters (3.9% versus 2.6%, respectively). For placebo treated female
and male quitters the %TBF changes were 6.5% and 2.5%, respectively.
Gender differences have been reported in other smoking cessation studies
evaluating nicotine replacement in primarily non-Hispanic White study populations,
where females were found to experience greater weight suppression with nicotine
replacement than males (23, 26). However, these findings are more apparent in
clinical trials evaluating nicotine gum (26) rather than nicotine transdermal patch (23).
We did not expect our study finding at 10 weeks post-randomization of increased
waist circumference changes for male and female nicotine treated quitters compared
with placebo treated quitters. It is possible that nicotine is responsible for the increase
in waist circumference observed in smokers compared to non-smokers observed in
cross-sectional studies. However, the mechanism for why smoking, or the addition of
nicotine replacement to ex-smokers, would enhance the waist site as a fat depot is
unknown.
As we hypothesized, at 26 weeks we did not find any significant differences in
%TBF change between treatment groups. At 26 weeks, the results of our two-way
anova models with smoking and treatment entered as factors indicated that for females
and males smoking status, but not treatment, was a significant factor in determining
the %TBF {p < 0.05,/? <0.01, respectively). However, at 26 weeks our sample size in
each group was small due to the fact that very few participants returned to the study
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site for follow-up measiu-ements. This is a problem in most smoking cessation clinical
trials because study participants who are lost to follow-up are considered as treatment
failures (i.e. continued smokers) (3, 13, 14, 22, 23, 25 ). This is an important
limitation that renders study findings difficult to interpret, and we recommend
increasing the initial study sample population to mitigate this problem and making
every possible attempt to encourage all participants to return to the study site
regardless of smoking status.
Our results are consistent with other investigations of body composition
changes with smoking cessation ( 13, 14, 34, 35). Comstock et al. (34) found an
association between pre-quit smoking characteristics and change in skinfold
thicknesses. They found that the subscapular skinfold thickness increased for those
who smoked the most at BL; however, the triceps skinfold thickness was found to
change less for men who smoked the most prior to quitting. In our study successful
quitters who smoked > 20 cigarettes per day at BL experienced a smaller change
compared to quitters who smoked < 20 cigarettes per day prior to quitting in
subscapular (0.96 mm versus 4.3 mm, respectively, /? = 0.10) and triceps (2.6 mm
versus 3.3 mm, respectively, /? = 0.61) skinfold thicknesses at 26 weeks. Shimokata
et al. (13) found waist circumference changes of 2.02 cm. We found similar changes
in waist circumference for nicotine and placebo treated female and male quitters at the
end of treatment (2.8 cm and 1.9 cm, respectively for females; and 2.2 cm and 1.8 cm,
respectively for males). Shimokata et al. (13) also found that the WHR did not
increase significantly with smoking cessation, although participants experienced a
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mean weight gain of 2.6 kg. Similarly, we found that the C-index did not increase
significantly for successful quitters, although our participants experienced a mean
weight change from BL of 3.0 kg. Both indices aie indicative of relative waist
circumference change. These findings imply that with smoking cessation waist
circumference will increase slightly, but this increase is less than what would be
expected from the magnitude of mean weight increase.
Similar to our findings, Comstock et al. (34) found significant increases in
body weight and body fatness among successful quitters compared to continued
smokers. They also found that changes in body weight correlated better with changes
in subscapular skinfold thickness than with changes in skinfold thickness in the triceps
area. We found that at 26 weeks for females change in body weight correlated better
with changes in the triceps skinfold (r = .43, p = 0.06) than with the subscapular
skinfold thickness (r = .18, p = 0.46). Similarly, for male quitters we found that
changes in body weight correlated better with triceps skinfold (r = .67, p=0.009) than
with subscapular skinfold thickness (r = .311, /? = 0.28). Therefore, for females and
males the STR was found to be negatively correlated with changes in body weight at
26 weeks. This is an important finding because fat patterning has been determined to
be an important determinant of HDL, triglyceride, and HDL/total cholesterol ratio.
Specifically, central body fat has been associated with higher triglyceride levels and
more so in Mexican Americans than in non-Hispanics (7, 16). Our findings suggest
that with smoking cessation central body fat does not increase for Hispanic males or
females given the negative correlation between change in body weight and change in
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STR. It has been noted in other investigations that some of the potentially adverse
effects of weight gain are mitigated by changes in lipid profiles and in body fat
distribution in a direction of improved health outcomes. Stanford et al. (36) studied
the short-term effects of smoking cessation on lipoprotein fractions. Among the
women who quit smoking for 2 months, weight was increased by 4.9 lb. However,
this weight change was not accompanied by a significant increase in LDL-C, rather
there was a significant increase in HDL-C of 7 mg/dL. Rabkin et al.(37) found three
months after smoking cessation that successftil quitters in their study gained a
significant amount of weight compared to non-quitters (4.4 lb. vs. 0.7 lb.,
respectively); however, they also experienced a significant increase in HDL-C
compared with non-quitters. We did not measure lipid profile changes in this study.
Future investigations of body composition changes with smoking cessation attempts
should evaluate changes in risk factors for disease such as lipid profile changes, blood
pressure changes, and circulating glucose levels.
The findings of the current investigation should be interpreted cautiously due
to the following limitations. Our study population is primarily Mexican-American so
results cannot be generalized to other sub-groups of Hispanics. However, since our
results for Mexican-American Hispanics were similar to findings for non-Hispanic
Whites in other studies, it is unlikely that other Hispanic sub-groups would differ
markedly in these body composition changes. It is possible that some of the quitters
were falsely reporting their smoking status, since the use of nicotine replacement
precludes the use of biochemical markers such as plasma nicotine to validate self-
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reported smoking status. Since our study findings indicate that smoking status is a
significant predictor of change in arm circumference for females and males, and waist
circumference for males; false reports of smoking status would bias our findings and
potentially underestimate differences between treatment groups. Also, this study did
not monitor the subjects' attempts to limit weight gain after smoking cessation.
Future studies should evaluate the possible effects of increased dosages of
nicotine delivered transdermally on post-cessation weight gain and body composition
changes, as there is evidence for a dose-response relationship found in studies using
nicotine gum (26). The characteristics of individuals likely to gain the most weight
with smoking cessation (i.e. > 20 poimds) warrants further investigation, because it is
likely that these individuals may be more susceptible to weight and adiposity related
risk factors. Future studies should determine whether the use of nicotine patch has a
primary or adjunctive role in reducing changes in %TBF, weight gain, and
circumference measures, or alters the pattern of fat distribution. If nicotine
replacement can independently attenuate body composition changes experienced with
smoking cessation, or works in conjunction with other pharmacologic or behavioral
strategies, this information could potentially enhance the successfulness of multicomponent smoking cessation programs .
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Figure 1: Study Sciieme

Primary Efficacy

Weaning Phase

Follow-up

Timeline(wk)

-I

0

2

4

6

8

10

Treatment A:

Sc

P

P

P

P

P

none

none

Treatment B:

Sc

22cm'

22cm"

22cm" 15 cm" 7 cm"

none

none

Clinic Visits:

V-I

VO
(BL)

V3

V4

VI

V2

Sc = Screening at visit-1
VO = Baseline (BL), randomization to treatment, start of treatment
P = Placebo patch
22 cm". 15 cm" . 7 cm" = Nicotine transdermal patch delivering 21, 14, and 7 mg of
nicotine, respectively

Figure 2: Mean anthropometric changes
from baseline: Quitters
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Table 1. Mean and (SEM) for baseline characteristics of Hispanic study
population
FEMALE

MALE

Nicotine
Patch
31

Placebo
Patch
24

Nicotine
Patch
23

Placebo
Patch
30

Education (yrs)

13.3 (0.7)

13.0 (0.5)

13.5 (0.6)

12.3 (0.6)

Age

42.3(1.6)

38.3 (1.4)

42.7 (2.1)

40.7(1.4)

17.6(1.2)

20.0(1.5)

20.4(1.8)

22.4 (2.4)

3.0 (0.4)

3.2 (0.6)

5.7 (2.4)

3.0 (0.6)

Number of years smoking

22.7(1.5)*

18.2(1.5)

23.5 (2.3)

23.4(1.8)

Quit > 24 hours (% yes)

52.0%

50.0%

78.0%"

47.0%

4.8 (0.5)

4.6 (0.5)

Variable
N

Cigarettes/Day
Previous quit attempts

Fagerstrom Score

3.8 (0.4)

4.9 (0.4)

Acculturation (% more)

80.6% •

54.2%

43.5%

63.3%

Body Mass Index (kg/mt^)

27.5 (0.7)

27.2(1.1)

28.2 (0.9)

27.9 (0.8)

Height (cm)

162.2(1.1)

160.8(1.1)

171.9(1.2)

173.5 (2.0)

Weight (kg)
% Fat (Skinfolds) (mm)*

72.6 (2.3)
31.3(1.1)^

70.2 (2.6)

83.4 (2.8)

83.7 (2.5)

19.7(1.0)
1.6(0.1)^

18.4 (0.9)
1.4 (0.1)

STR

1.0 (0.0)

28.1 (1.2)
0.9 (0.1)

C-index

1.2 (0.0)

1.2 (0.0)

1.3 (0.0)

1.2 (0.1)

32.5 (0.7)

31.0 (0.8)

34.3 (0.7)

33.6 (0.7)

86.8(1.9)

85.6 (2.2)

95.1 (1.8)

93.7(1.7)

Upper arm circumference(cm)
Waist circumference(cm)

(SEM) = standard error of the mean; * Significantly greater than the placebo group (jj < 0.05)
+ Marginally significantly greater than the placebo group (0.05< p<0.10)
* Jackson and Pollock skinfold Equation for 3 sites;
Sum skinfolds for females = tricep+suprailiac+thigh; males =tricep+subscapular+chest

Table 2: Longitudinal changes in anthropometric measures from baseline
at 6, 10, and 26 weeks for quitters (Q) and non-quitters (NO) Mean + SEM

Variable
N

6 WEEKS
Males
2
Nfi

Active

14

6

19

Placebo

10

II

8

Weightfke)
Active

1.9(.41)

1.0(.53)

Placebo

Females
Q
m

10 WEEKS
Males
Females

26 WEEKS
Males
Females

0

NO

0

NO

0

NO

0

NO

6

12

5

13

10

6

9

6

12

8

9

9

5

9

4

4

4

6

1.5(.31) .55(.49)

2.6(.48)

3.0(.63) 2.3(.54) 1.5(.54)

4.7(1.1) .83(.47)

3.l(.67)* .88(.42)

1.5(.31) 1.3(.22)

3.4( 76)

.81(.65) 4.l(.57) .63(.56)

6.6(1.9) .68(1.4) 8.5(2.8) .89(1.3)

Waistrcm)
Active

1.9(.39) .85(.51)

2.1(.56) .98(.73)

Placebo

2.1(.72) .23(.81)

Arm(cm)
Active

.52(.19) -.20(.25) .20(.40)

-.43(.33)

.87(.14) -1.64(2.0) .55(.23) .90(.36)'

1.2(.27) -.16(.33) I.6(.15) .80(.43)

Placebo

1.8(1.1) -.38(.47) .46(.7())

.66(.34)'

1.9(1.3)

1.3(.54) .58(.85) 1.7(.21) .51(.62)

% Fat
Active

.65(.35) 1.4(1.7) .19(.76) .45(.69)

1.1(.47) 1,7(1.3) .77(.89) .67(.73)

2.6(.53) .84(.93) 3.9(1.5) 1.1(1.0)

Placebo

1.5(.73) 1.1(.93) 3.0(1.2)- 2.0(1.1)

2.0(.83) -0.15(.60) 4.8(.97)' .76(.81)

2.5(2.3) -.80(2.1) 6.5(.71) 2.1(.97)

-.06(1.6)

.43(.58)

2.1(.55) 1.3(.63)

2.8(.32)

1.8(.86) 1.1(.69)

1.9(1.8) - 1.1(.80)

• significant difference between active and placebo groups (p < 0.05)
••(P<0.01);+ (p<O.IO)

.26(.26)

l.0(.78)-

1.4(.17)'-.11(.21)

5.9(1.5) 2.2( 84)

3.9(1.3) .29(.83) 4.1(1.2) 3.6( 61)"
4.7(1.5) 1.6(1.5) 5.0(2.0) 1.5(1.6)
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Table 3. Tests of mixed effects model f ANCOVA) of Change in % total body fat
Source
Coefficient
SE
Pr >F'

Females
Age
BLWeight (categorical)*
Treatment
Smoking
Quit >24 hours
Years smoking
BL Cigarettes (categorical)''
Previous quit attempts (categorical)'
Fagerstrom score

-0.048
-0.583
2.013
-1.467
1.202
0.027
0.219
-0.501
0.093

0.100
1.027
1.160
1.396
1.161
O.IOl
1.370
1.095
0.283

0.637
0.574
0.093
0.302
0.309
0.790
0.874
0.651
0.746

0.093
0.282
1.319
1.330
2.056
-0.130
-0.497
-1.180
-0.009
-2.617

0.055
0.629
0.732
1.034
0.637
0.049
0.622
0.596
0.189
1.290

0.102
0.658
0.986
0.978
0.004
0.013
0.431
0.059
0.960
0.040

Males
Age
BLWeight (categorical)'
Treatment
Smoking
Quit > 24 hours
Years smoking
BL Cigarettes (categorical)''
Previous quit attempts (categorical)*^
Fagerstrom
Smoking * Treatment

' < 80kg, > 80kg (Males), < 65kg, > 65kg (Females)
''<20 and >20
'^ 2 and >2
•'= p-value from overall tests of fixed effects
BL = Baseline
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Table 4. Tests of mixed effects model (ANCOVA) for significant effects by gender for
changes in arm and waist circumferences. C-index. and STR^
Coefficient

SE

Pr >1^

-0.876
0.153

0.416
0.083

0.043
0.075

Treatment
Previous quit attempts (categorical)''

-2.385
-1.585

0.839
0.775

0.008
0.050

Change in C-index
Treatment

-0.042

0.0 II

0.001

Change in STR
BL cigarettes(categorical)''

0.223

0.101

0.035

1.175
-3.133

0.659
1.286

0.086
0.022

-3.125
-1.667
0.656

0.684
0.675
0.207

0.001
0.020
0.004

BL weight(categorical)''
-0.012
0.007
BL cigarettes(categorical)'
0.013
0.007
Previous quit attempts (categorical)''
-0.016
0.006
Fagerstrom score
0.006
0.002
Smoking • treatment
0.025
0.013
* dependent variables adjusted for all independent variables in each model
"jl 2 and >2
'<20 and >20
•* = < 80kg, > 80kg (males); <65kg, > 65kg (females)
'= p-value from overall tests of fixed effects

0.088
0.069
0.019

Females
Change in Arm Circumference
Smoking
Fagerstrom Score

Change in Waist Circumference

Males
Change in Arm Circumference
BL cigarettes(categorical)'"
Smoking • Treatment

Change in Waist Circumference
Smoking
Previous quit attempts(categorical)''
Fagerstrom score

Change in C-index

0.008

0.072

135

REFERENCES
1. Klesges RC, Klesges LM. Cigarette smoking as a weight loss strategy in a
university populationJ/i/e/Tia/zonaZ Journal of Eating Disorders.
1988;7:413-419.
2. Gritz ER, BCIesges RC, Meyers AW. The smoking and body weight relationship:
Implications for intervention and postcessation weight control. Annals of
Behavioral Medicine. 1989; 11(4): 144-153.
3. Gross J, Stitzer ML, Maldonado J. Nicotine replacement: Effects on postcessation
weight gdiin J Consult Clin Psychol. 1989;57:87-92.
4. Klesges RC, Meyers A, Klesges LM, LaVasque ME. Smoking, body weight, and
their effects on smoking behavior: A comprehensive review of the literature.
Psychological Bulletin. 1989;106(2):204-230.
5. Wack JT, Rodin J. Smoking and its effects on body weight and the systems of
caloric consumption.v4m J Clin Nutr. 1982;35:366-380.
6. Larsson B, Vardsudd,BC, Welin L, Wilhelmsen L, Bjomtorp P, Tibblin G.
Abdominal adipose tissue distribution, obesity, and risk of cardiovascular
disease and death; 13 year follow up of participants in the study of men bom
in 1913.5 MeJTourna/ 1984;288(6428):1401-1404.
7. Haf&ier SM, Stem MP, Hazuda HP, et al. Do upper-body and centralized adiposity
measure different aspects of regional bodyfat distribution? Relationship to
non-insulin-dependent diabetes mellitus, lipids, and lipoproteins. Diabetes.
1987;36:43-51.
8. Seidell JC, Cigolini M, Charzewska J, et al. Indicators of fat distribution, serum
lipids, and blood pressure in European women both in 1948: the European
Fat Distribution Study. Am J Epidemiol. 1989;130:53-65.
9. Gillum RF. The association of body fat distribution with hypertension, hypertensive
heart disease, coronary heart disease, diabetes, and cardiovascular risk factors
in men and women aged 18-79 years. Journal of Chronic Diseases
I987;40(5);421-428.
10. Selby JV, Friedman GO, Quesenberry CP Jr. Precursors of essential hypertension.
The role of bodyfat distribution pattern. Am J Epidemiol. 1989;129(l):43-53.

136

11. Freedman DS, Rim AA. The relation of bodyfat distribution, as assessed by six
girth measurements, to diabetes mellitus in women. Am J Public Health.
1989;79(6):715-720.
12. Bjomtorp P. The associations betweenobesity, adipose tissue distribution and
disease. Acta Medica Scandinavica Supplement 1988 723; 121-134
13. Shimokata H, Muller D, Andres R. Studies in the distribution of body fat, lUieffect
of cigarette smoking. JAMA. 1989;26l:l 169-1173.
14. Lissner L, Bengtsson C, Lapidus L, Bjorkelund C. Smoking initiation and
cessation in relation to body fat distribution based on data from a study of
swedish women. Am J Public Health. 1992;82:273-275.
15. Valdez R, Seidell JC, Ahn YI, Weiss KM. A new index of abdominal adiposity as
an indicator of risk for cardiovascular disease. A cross-population study. Int J
Obes 1992;17:77-82.
16. Haffher SM, Stem MP, Hazuda HP, Pucgh J, Patterson JK, Malina R. Upper body
and centralized adiposity in Mexican Americans and non-Hispanic Whites:
Relationship to body mass index and other behavioral and demographic
variables. Int J Obes 1986;10:493-502.
17. Ellis KJ, Abrams SA, Wong WW. Body composition of a young, multiethnic
female population. Am J Clin Nutr 1997;65:724-31.
18. Stem MP, Rosenthal M, Hafftier SM, Hazuda HP, Franco LJ. Sex difference in the
effect of sociocultural status on diabetes and cardiovascular risk factors in
Mexican Americans: the San Antonio Heart Study. Am. J. Epidemiol.
1984;12:834-851.
19. Gardner L I, Stem MP, Haffeer SM, Gaskill SP, Hazuda HP, Relethford JH, Eifler
CW. Prevalences of diabetes in Mexican Americans:relationship to percent
of the gene pool derived from native American sources. Diabetes.
1984;33:86-92.
20. Joos SK, Mueller WH, Hanis CL, Schull WJ. Diabetes alert study: weight history
and upper body obesity in diabetic and non-diabetic Mexican American
adults.
Hum. Biol. 1984;11:167-171.
21. Haffner SM, Stem MP, Hazuda HP, Rosenthal M, Knapp J A. The role of
behavioral variables and fat patteming in explaining ethnic differences in
semm lipids and lipoproteins. Am J Epidemiol 1986;123:830-9.

137

22. Leischow SL, Hill A, Cook G. The effects of transdermal nicotine for the treatment
of Hispanic smokers..^/« J Health Behav. 1996;20(5):304-311.
23. Tonnessen P, Norregaard J, Simonsen K, Sawe U. A double-blind trial of a 16hour nicotine patch in smoking cessation. New Engl J Med. 1991;325:31115.
24. United States Department of Health and Human Services: The health benefits of
smoking cessation: A report of the surgeon general. 1990 DHHS Pub. No.
(CDC) 88-8406.
25. Transdermal Nicotine Study Group. Transdermal nicotine for smoking cessation.
Six months results from two multi-center conrolled clinical trials. JAMA.
1991;266:3133-3138.
26. Leischow SJ, Sachs DP, Bostrom AG, Hansen MD. Effects of differing nicotinereplacement doses on weight gain after smoking cessation. Arch Fam Med.
1992;1:233-237.
27. Abelin TH, Ehrsam R, Buhler-Reichert A, Imhof PR, Muller PH, et al.
Effectiveness of a transdermal nicotine syustem in smoking cessation studies.
Methods Find Exp Clin PhamacoL. 1989;11;205-214.
28. Marin G, Sabogal, F, Marin BV, et al. Development of a short acculturation scale
for Hispanics. Hispanic Journal of Behavioral Sciences. 1987;9(2):183-205.
29. Fagerstrom KO, Schneider NG. Measuring nicotine dependence: a review of the
Fagerstrom Tolerance QuestionnaireJbur«a/ Behavioral Med. 1989; 12:159182.
30. Lohman TG, Roche AF, Martorell R. Anthropometric Standardization Reference
Manual. Champaign, IL:Human Kinetics Books; 1988.
31. Jackson A S, Pollock ML. Practical assessment of body composition. The
Physician and Sportsmedicne. 1985;13:76-90.
32. Stata Corp. 1995. Stata Statistical Software: Release 4.0 College Station, TX:
Stata Corporation.
33. SAS Institute Inc. SAS User's Guide; Statistics, Version 6 Edition Cary, NC:
SAS Institute Inc., 1985. 956pp.

138

34. Comstock GW, Stone RW. Changes in body weight and subcutaneous fatness
related to smoking habits. Arch Environ Health. 1972;24:271-276.
35. Tuomilehto J, Nissinen A, Puska P, Salonen J T, Lalkanen L. Long-term effects of
cessation of smoking on body weight, blood pressure, and serum cholesterol
in the middle-aged population with high blood pressure. Addictive behaviors
11:1-9, 1986.
36. Stamford B A, Matter S, Fell RD, Papanek P. Effects of smoking cessation. Am J
Clin Nutr Al{A)-A%e-A9A.
37. Rabkin S. Relationship between weight change and the reduction or cessation of
cigarette smoVing. Int. J Obesity. 1984:665-673.

APPENDIX C
MACRONUTRIENT CHANGES IN HISPANICS: EFFECTS
OF NICOTINE TRANSDERMAL PATCH IN A
SMOKING CESATION CLINICAL TRIAL

140

Title: Macronutrient Changes in Hispanics: Effects of Nicotine Transdermal
Patch in a Smoking Cessation Clinical Trial
Running head: Dietary Intake with Smoking Cessation
Anabel L. Hill, MS,
Denise J.Roe, DrPH,
Douglas L. Taren, PhD,
Gretchen Cook, MS,
Scott J. Leischow, PhD.

Correspondence and reprint requests:
Anabel L. Hill
Arizona Prevention Center, University of Arizona
2231 E. Speedway
Tucson, Arizona 85721
520-318-7090 (phone)
520-321-7754 (fax)
Acknowledgements: Special thanks to Robert Nowak of Hoechst Marion Roussel and
Zenen Salazar for their work, encouragement and support of this study.
Tables and figures: 5 tables and I figures
Key words: smoking cessation, Hispanics, nicotine, dietary intake, nicotine patch

141

Multiple studies indicate that cigarette smoking is associated with lower body
weight (1, 2, 3, 4, 5), even when controlling for factors such as socioeconomic status,
race, and sex. It is also a common observation that former smokers gain weight after
cessation, although the average weight gain associated with quitting smoking is
relatively small (2-4 kg) (6, 5). However, studies have shown that some ex-smokers
are at risk for excessive weight gain, and a dose-response relationship has been shown
between the amount of weight gain and pre-quit characteristics such as number of
cigarettes smoked per day and body weight prior to cessation (6, 7, 8). It appears that
for most ex-smokers cessation related weight gain is not a health risk; however, for
those who are at an increased risk for disease (e.g., obese persons, diabetics) an excess
weight gain may pose a serious health risk (9).
Proposed hypotheses for weight gain following smoking cessation generally
revolve around energy balance models that propose a decrease in energy expenditure
and/or an increase in caloric intake upon cessation. A variety of investigations have
produced evidence for the relative contributions of mechanisms for the observed
weight gain (10, 11, 12). One model suggests that current smokers experience a
chronic increase in energy expenditure mediated by an increase in resting metabolic
rate (RMR) primarily due to increased sympathoadrenal activation (11) and an
increase in dietary induced thermogenesis (DIT) compared with non-smokers (13, 14,
15).

This elevated RMR has been shown to decrease among recent quitters resulting

in increased body weight (16, 17). A second model postulates that smoking cessation
results in increased food consumption leading to excess total energy intake per day
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resulting in weight gain (18, 19, 20, 5). Furthermore, this increase in energy intake
with cessation has been related to an increased consumption of foods high in
carbohydrate, fat, and sugar (21, 22, 19, 18, 23). It remains unclear whether specific
nutrients are consumed more due to changes in food preference (21); as nicotine may
have a direct effect in decreasing the palatability of certain foods (20, 24). However,
other studies have shown no significant differences in total energy intake between
smokers and recent quitters (3, 25); interestingly, there is evidence that alcohol intake
also has a substantial and independent association with lower body weight (26).
It has been observed that nicotine replacement prevents or delays weight gain
with cessation (21, 27); however, few studies have evaluated how nicotine delivered
transdermally effects caloric intake of specific macronutrients. If the administration of
nicotine has little impact on caloric intake than this would suggest that other
components of cigarettes affect energy intake and or metabolism.
Dietary information and nutritional status of Mexican Americans living in the
U.S. is somewhat limited to a few larger surveys (e.g., Hispanic Health and Nutrition
Examination Survey (HHANES)(1982-1984), San Antonio Heart Study, and the 1987
National Health and Interview Survey (NHIS). The dietary information collected
across these surveys suggests that Hispanic diets differ fi-om non-Hispanic Whites and
Blacks. Results of the 1987 NHIS indicate that Hispanics have higher consumption of
dried beans, rice, fmits, and juices, and less consumption of snacks and desserts.
Results of the HHANES revealed that carbohydrate and protein intakes were higher
among Hispanic groups compared with those among non-Hispanics while total fat
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intakes were generally lower (28). Moreover, Hispanics living in the U.S. have high
rates of nutritionallj' related diseases including chronic diseases such as diabetes,
cardiovascular disease, and cancer. Dietary imbalances coupled with the observation
that Hispanic males in the U.S. have similar smoking rates as non-Hispanic males (2428%) and Hispanic females are increasing their cigarette consumption (29, 30) places
Hispanics at an even greater risk for the development of chronic diseases.
This research is part of a clinical trial that evaluated the efficacy of nicotine
transdermal system for smoking cessation in Hispanics (31). Nicotine administered
transdermally has been found to be successful in several clinical trials in improving
abstinence rates (32, 33). We found that nicotine was significantly more effective than
placebo patch at 6 and 10 weeks post-cessation in a Hispanic population, as well (p =
0.08, p<0.05, respectively). Additionally, dietary data was collected at Baseline (BL)
and 10 weeks post-randomization. This paper focuses on the relationship of nicotine
patch, smoking status, and BL pre-quit characteristics (i.e. number of cigarettes per
day, BL weight, and number of previous quit attempts) with changes in total energy
(kcals) intake and percent of total energy consumed as protein, fat, carbohydrate, total
sugar, and alcohol.
We hypothesized that I) both successful quitters and continued smokers would
increase their intake of total energy from baseline as a result of making a quit attempt,
with successful quitters experiencing a greater increase in total energy intake
compared with continued smokers at 10 weeks; 2) successful quitters would increase
their intake of high carbohydrate foods, total fat, and intake of total sugar from
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baseline compared with continued smokers at 10 weeks; 3) successful quitters would
increase their alcohol consumption as a percentage of total energy compared with
continued smokers at 10 weeks; and 4) the delivery of nicotine would not significantly
suppress the increase in macronutrient intake in successful quitters compared with
placebo successful quitters at 10 weeks.
Methods

Study Design
Details of the study design, sample population, and study procedures have been
documented elsewhere (31). Briefly, male and female Hispanic cigarette smokers
(n = 108) were recruited into the study fi"om the Tucson metropolitan community. To
be included in the study participants had to 1) self-identify themselves as Hispanic; 2)
smoke at least 10 cigarettes per day for a minimum of the past year; 3) produce levels
of carbon monoxide (CO) in expired breath greater than 10 parts per million (PPM) at
the screening and BL visits; 4) have been between the ages of 18 and 65 years of age
(to meet sponsor's recommendations for use prior to FDA approval of non
prescription use of the nicotine patch); 5) if female, currently not pregnant and using a
medically prescribed form of birth control; and 6) have signed a written informed
consent. Potential participants were excluded for several medical conditions such as
current cardiovascular disease, insulin-dependent diabetes, medically treated ulcer or
active gastrointestinal disease, or other medical conditions that study physicians
determined to potentially interfere with the use of transdermal patch. Potential
participants were excluded for substance abuse (alcohol, recreational or prescription
drugs) within the past year. This study was approved by the Institutional Review
Board Human Subjects Committee at the University of Arizona.
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A screening visit was required where a study physician conducted a physical
exam with each potential participant, and extensive medical and smoking history
questionnaires were completed in Spanish and/or English by each study applicant.
Both questionnaires were developed and utilized in our clinic in various clinical trials
evaluating the efficacy of nicotine replacement for smoking cessation (31). To assess
the level of acculturation into American culture , an acculturation questionnaire,
developed and validated primarily with a Mexican-American population (34), was
administered at the screening visit. Nicotine dependency was assessed by the
Fagerstrom Nicotine Tolerance Questionnaire (35).
Eligible subjects were randomized to receive either nicotine or placebo dosages
of Nicoderm

transdermal system at the BL visit (Figure 1). Participants received

verbal, written, and video instructions (Spanish and English) on patch application
procedures, and received brief smoking cessation counseling with a self-help cessation
booklet (Committed Quitters) developed by the study sponsor. The study timeline
included the following: I) the BL visit was the day prior to quit day whereby each
study participant was randomized to receive either nicotine (NP) or placebo patches
(PP); 2) for the initial 6 weeks, participants were instructed to wear daily for 24 hours
the 21 cm2 patches; between weeks 6 and 8 participants were reduced to daily use of
2
2
the 15 cm patches; between weeks 8 and 10 the patch size was reduced to 7 cm ; 3)
at 10 weeks, study participants discontinued patch treatment, and were contacted for
follow-up at 18 weeks (by telephone); and 4) at 26 weeks all study participants that
were randomized to treatment were contacted regardless of smoking status to retum to
the clinic and repeat all study measures collected at BL (i.e., questionnaires, body
weight, expired CO test).
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Weight and Height
Weight measurements were collected at the BL and all follow-up clinic visits
following the protocol of Lohman et al.(36). Study participants were measured on a
leveled platform scale with a beam and moveable weights and recorded to the nearest
100 grams. Weight was measured while wearing minimal clothing (sweaters
removed) without shoes. Standing height was taken at the BL visit with a stadiometer.
a vertical board with an attached ruler and horizontal headboard that measures the
most superior point on the head. The measurement was taken to the nearest 0.1 cm.
Body mass index (BMI) was calculated as weight in kilograms divided by height in
meters squared (kg/m^).
Dietarv Assessment
Dietary intake was assessed by three day dietary food records prepared in
English and Spanish (developed for research purposes in the Nutrition Department at
the University of Arizona and modified by the Arizona Program for Nicotine and
Tobacco Research Clinic). Two week-days and one week-end day were randomly
assigned to each participant for the week prior to the corresponding clinic visit (BL
and 10 weeks). To promote compliance, telephone reminders by clinic staff reminded
participants to complete diaries. At the screening and BL visits participants were
given visual (food models and graphics), verbal and written instructions to help
estimate and record quantities of foods and supplements consumed. Participants were
instructed to eat "normally" and to record everything including all food, drink, and
vitamin supplements. With packaged foods, participants were asked to provide label
information such as brand name, product name, and serving size. Subjects were
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instructed on how to describe the method of food preparation (i.e., baked, broiled,
fried, barbecued, etc.), as well as to list the amount and type of fat used in preparation.
Records were reviewed for completeness by a research assistant at the clinic and
subjects were questioned immediately to recover missing details. Trained research
assistants at the Nutrition Core at the University of Arizona entered the data for
analysis. All dietary data were analyzed by the University of Minnesota Nutrition Data
System (NDS) software, which is based on a computerized nutrient data bank (NDS,
Minneapolis, MN.). The microcomputer prompts the user to describe food intake as
food source, processing method, fat and salt used in preparation, and ingredients that
contain fat and sodium. Nutrients of interest were: total energy (kcals), percent total
fat (% kcals of total energy), percent carbohydrate (% kcals of total energy), percent
protein (% kcals of total energy), alcohol (% kcals of total energy), total sugar
(grams/1000 kcals of total energy), and percent energy as saturated fat (SFA),
polyimsaturated fat (PUFA), and monounsaturated fat (MUFA).
Statistical Analyses
Data were analyzed separately for each outcome variable: change in total
energy intake, change in percent of energy consumed as protein, total fat,
carbohydrate, alcohol, and total sugar intake (grams/1000 kcals). The mean of three
days of 24-hour food records was calculated and this value utilized in the analyses as
the mean intake for each participant at BL and similarly calculated at 10 weeks. In the
case where a day was missing, we used the average of these two days as the mean
intake for this participant. A change score for each outcome variable was calculated
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from measurements taken at the 10 week clinic visit minus their respective BL values.
Descriptive analyses for differences among treatment groups were computed by
stratifying the study population by gender, and then further dividing males and females
into the following four groups: 1) nicotine patch, quitters (i.e. successful quitters); 2)
nicotine patch, non-quitters (unsuccessful quitters); 3) placebo patch, quitters; and 4)
placebo patch, non-quitters. Subjects were classified as quitters if they reported
complete abstinence from all tobacco use between 2 weeks (Visit 1) and 10 weeks
(Visit 3) and a CO reading of < 10 PPM at 10 weeks. CO readings of >10 PPM
and/or a self-report of smoking any part of a cigarette between 2 and 10 weeks
classified the participant as a non-quitter. Participants who dropped out of the study at
any time prior to study completion were considered treatment failures (i.e. nonquitters). Differences in subject characteristics at BL were computed by stratification
of the sample by gender and treatment group and analyzed with two-sample
independent t-tests and chi-squared tests. Changes in macronutrient nutritional status
by treatment group at 10 weeks were also analyzed with two-sample independent ttests. At 10 weeks, we used a two-way analysis of variance with each outcome
variable change and smoking and treatment entered in the model to evaluate the effects
of smoking cessation separately from treatment. F statistics were used to determine
the statistical significance of each covariate. Each model initially included the
interaction term between smoking and treatment, with this term removed from the
subsequent model if its significance exceeded p > 0.10.
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Multiple regression models were used to evaluate the significance of pre-quit
smoking characteristics, treatment, and smoking status on the change from BL in the
outcome variables measmed at 10 weeks. We performed modeling separately for each
gender, due to significant smoking by gender interactions found in our preliminary
analyses. The following categorical variables were included as independent variables
in the regression models: treatment, smoking stams, and BL number of cigarettes
smoked per day (< 20, > 20). The number of previous quit attempts, and BL weight
were entered in the model as continuous variables. Stata (37) was used for descriptive
analyses and for the multiple regression analyses. Unless otherwise noted results were
considered statistically significant if p< 0.05, and marginally significant if 0.05 < p <
0.10.

Results

Baseline Characteristics
The total number of women randomized to treatment was 55; of these, 31 were
randomized to receive NP and 24 io PP. The total number of men randomized to
receive treatment was 53; of these, 23 were randomized to NP and 30 to PP. Baseline
characteristics are shown in Table I. Females randomized to the NP treatment had a
significantly greater level of acculturation (80.6% vs. 54.2%), and had smoked more
years (22.7 vs. 18.2 years) than females assigned to the PP treatment. Males
randomized to the NP treatment had significantly greater success in previously quitting
smoking for greater than 24 hours (78% vs. 47%) compared with PP randomized
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males. For females and males, diere were no significant differences among treatment
groups in mean weight, height, BMI, or other pre-quit smoking characteristics listed in
Table I.
Baseline macronutrient intakes by gender and treatment group are shown in

Table 2. Energy intake (kcals) did not differ significantly at BL between treatment
groups for males or females. For females, the percent of calories consumed as protein
was significantly greater for those randomized to NP treatment compared with PP
(16.9% vs. 14.1%), and those randomized to NP treatment had marginally significantly
greater consumption of percent of calories from total fat (39.8% vs. 35.6%).
Concurrently, their consumption of percent of calories from carbohydrate was
marginally significantly less (43.5% versus 48.5%). For males, there were no
significant differences among treatment groups at BL for percent of calories from
energy components. There were no significant differences at BL in total sugar or
alcohol intake among female or male treatment groups.
Macronutrient Intake Changes from BL for Successful Quitters
Descriptive statistics for the change in macronutrient intakes by gender,
treatment and smoking status are shown in Table 3. Female successfiil quitters who
received NP treatment experienced a mean change from BL in total energy intake
(140.2 kcals versus 9.1 kcals for the PP female quitters). Total sugar intake increased
significantly from BL for NP compared with PP treated male quitters (40.8
kcals/lOOOkcals versus 8.9 kcals). Most of the macronutrient changes were not found
to be statistically significant.
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Correlation Analyses of Macronutrient Changes with Changes in Body Weight at 10
Weeks
Results of correlation analyses are shown separately by gender for successful
quitters only in Table 4. The Pearson correlation coefficients for change in total
energy intake and change in body weight at 10 weeks for females and males were 0.04
and 0.08. For female quitters change in energy was positively correlated with change
from BL in percent of energy consumed as alcohol (r = .695, p = 002). For male
quitters, change in energy from BL was not significantly correlated to any of the
variables evaluated. For female quitters other significant correlations were found
among the following macronutrient changes: negative correlations for change in
percent carbohydrate with change in percent of energy consumed as fat (r = -.940, p =
.000)\ percent of energy consumed as protein (r = -.580, p = .0/5); percent of energy
consumed as MUFA (r = -.621, p = .008). A positive correlation was found between
change in percent of energy consumed as total fat with change in percent of energy
consumed as MUFA (r = .729, p = .001). For males, we found a significant positive
relationship between change from BL in percent of energy consumed as total fat and
change in percent energy consumed as protein (r = .603, p = .004).
Effects of Smoking Cessation on Macronutrient Changes from BL
At 10 weeks, the results of the two-way analysis of variance adjusted for
treatment and smoking status indicated that for females and males smoking status was
not a significant factor in determining the change in energy intake (p = 0.31 and p =
0.65, respectively). The adjusted means for total energy for quitters versus non-
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quitters adjusted for treatment at 10 weeks were 121.3 kcals and 257.8 kcals,
respectively. Thus, successful quitters did not increase their energy intake as much as
continued smokers. For males, smoking status and treatment were significant factors
in determining the change in total fat as a percent of energy {p = 0.01 and p = 0.05,
respectively). For females neither smoking status nor treatment were significant
factors in determining change in total fat at 10 weeks. Adjusted means for change in
total fat for quitters versus non-quitters adjusted for treatment at 10 weeks were -6.6 %
and -3.7 %, respectively. Treatment assignment was foimd to be a significant factor in
determining the change in total sugar (g/lOOOkcals) for females; whereas, for males we
found a significant smoking by treatment interaction. For NP treated male quitters
sugar increased compared with NP treated non-quitters (40.8 g/lOOO kcals versus -23.9
g/1000 kcals, respectively). For PP treated male quitters and non-quitters total sugar
increased fi*om baseline for both groups (8.9 g/lOOO kcals versus 6.1 g/lGOO kcals,
respectively). Adjusted means for total sugar intake at 10 weeks for quitters versus
non-quitters adjusted for treatment were 17.7 g/1000 kcals versus -12.2 g/1000 kcals,
respectively. Smoking status and treatment were not significant factors for change in
carbohydrate or protein intake as percentages of energy for females. For males
smoking status was found to be a marginally significant factor for change in
carbohydrate as a percent of total energy; whereas neither treatment nor smoking were
significant factors for change in protein as a percentage of total energy for males. We
did not find treatment or smoking status to be significant factors in determining the
change in alcohol for females or males. Adjusted means for change in alcohol as a
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percentage of total energy, adjusted for treatment, for quitters versus non-quitters were
6.2% and -5.3%, respectively.
Modeling of Changes in Macronutrient Intake
Multiple regression models were used to assess the effects of smoking status
and treatment, adjusted for BL pre-quit smoking characteristics. Significant predictors
for change in macronutrient dietary intake at 10 weeks are shown in Table 5 separately
for each gender. For females and males, smoking status, treatment, and pre-quit
smoking characteristics were not found to be significant predictors of change in total
energy fi-om baseline. For females, baseline weight was found to be a marginally
significant predictor of change in carbohydrate intake as a percent of total calories.
For males, we found that treatment assignment was a significant predictor of change in
carbohydrate intake as a percent of calories, and smoking status was found to be a
marginally significant predictor. For both females and males, treatment was found to
be a marginally significant predictor of change in percent of energy consumed as total
fat. Additionally for males, we found that smoking status was a significant predictor
of change in percent of energy consumed as total fat.
Smoking status for females was found to be a marginally significant predictor
for change in total sugar consumption. For males we found a significant smoking by
treatment interaction for change in total sugar consumption. Male non-quitters
receiving nicotine decreased their consumption of total sugar compared with placebo
treated non-quitters; however, total sugar consumption increased for both NP and PP
treated quitters. For males, we found that greater baseline weight was related to the
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increase in alcohol consumption; whereas for females we found no significant
predictors of change in alcohol consumption from BL. Percent of total energy
consumed as protein decreased for NP treated females regardless of smoking status;
however, results of the regression model did not reveal any significant predictors for
change in protein. For males, the change in protein intake from BL decreased
irrespective of treatment and smoking status, but regression analyses did not indicate
any significant predictors of this change.
Discussion
Our study findings indicate that total energy intake increases during a 10 week
period with attempted smoking cessation regardless of smoking stams or treatment
with nicotine patch. In fact in this sample of Hispanic smokers, we found that NP
treated male and female non-quitters experienced the greatest increases in energy
intake (421.3 kcals and 359.6 kcals, respectively). This is contrary to other studies
findings that withdrawal of nicotine enhanced appetite and eating compared to those
who received nicotine replacement (21, 38). We had expected that quitters would
increase energy intake greater than non-quitters, although our results of the two-way
anovas with smoking and treatment as factors indicate that adjusted means for change
in total energy for quitters versus non-quitters were 121.3 kcals and 257.8 kcals,
respectively. A potential explanation for this finding is that non-quitters increased
their caloric intake as a result of a need to substitute food for cigarettes or may reflect a
change in preference of specific foods. We found that non-quitters increased their
consumption of carbohydrate and saturated fat during the 10 weeks of attempted
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cessation. Our finding of low Pearson correlation coefficients between change in body
weight and change in dietary intake of total energy at 10 weeks was unexpected. In an
earlier paper we reported that quitters gained significantly greater weight at 6 and 10
weeks than non-quitters (31). Therefore, we expected a higher correlation between
change in body weight and change in energy intake. This suggests that factors (e.g.,
energy metabolism, physical activity level) other than change in dietary intake are
responsible for the post-cessation weight gain observed among quitters in this study.
As we hypothesized we found that successful quitters increased their total
sugar intake compared with non-quitters; adjusted means for change in total sugar
intake at 10 weeks were 17.7 g/1000 kcals versus -12.2 g/1000 kcals, respectively.
Other studies have shown that smokers have a reduced preference for sweet food;
whereas, cessation leads to an increase in preference for sweet foods (14, 20, 21, 39).
Furthermore, self-reports of smokers who were not allowed to smoke expressed the
greatest preference for sweets and those who continued smoking expressed the least
preference for sweets (20). It is plausible that smokers who successfully quit
experience the unpleasantness of quitting and eat carbohydrates and specifically sugar
to improve their mood. Carbohydrate consumption has been shown to alter mood in
other studies (40).
As we hypothesized, the use of nicotine patch did not significantly suppress the
increase in total energy intake. Results of our regression analyses confirmed that for
females and males treatment was not a significant predictor of change in total energy
from baseline. This finding that the administration of nicotine has little impact on
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caloric intake is contrary to the studies that have shown that nicotine acts as an
anorectic substance (20, 24). There is some evidence suggestive of the hypothesis that
smokers develop a chronic tolerance to nicotine compared with non-smokers as the
effect of nicotine administration on caloric intake has been shown to be greater in nonsmokers than smokers (41). Therefore, with smoking cessation nicotine replacement
may not suppress caloric intake due to this chronic tolerance. This also suggests that
those who have smoked cigarettes for more years and who smoke more cigarettes per
day are potentially resistant to the hunger reducing affects attributed to nicotine or that
have been observed in non-smokers. This may also imply that those who smoke the
most are the most likely to eat the most with smoking cessation. The results of our
multiple regression model do not support this hypothesis in that we did not find any
significant pre-quit smoking characteristics to be predictive of change in energy intake.
However, we found that for female quitters change in energy was positively
significantly correlated with change from BL in percent of energy consumed as
alcohol. For male quitters, change in energy from BL was not significantly correlated
to any of the variables evaluated in these analyses. Our findings suggest that there are
potentially other components of cigarettes that affect energy intake and or metabolism;
and that nicotine alone does not suppress appetite. The underlying mechanisms by
which nicotine has been shown in other studies to affect energy expenditure and
energy intake remain unclear. The cellular effects of cigarette smoking are poorly
understood, while varying tissue exposure and cellular response to the components of
cigarette smoke require further investigation. Exposure conditions (e.g., brand of
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cigarettes smoked, puffing volume), age, gender, race and nutritional status may play a
part in individual responsiveness to the effects of smoking, and specifically to nicotine
(11).

We found gender differences for intake of specific macronutrients after 10
weeks of abstinence from smoking. Carbohydrate consumption increased more for
males compared with females. In fact female quitters receiving PP treatment actually
decreased their intake of carbohydrate from BL by -8.2%. Total fat and protein
consumption decreased more for male quitters than female quitters; we found that
female quitters receiving PP treatment increased their total fat consumption from BL
by 6.5% and protein by 1.7%. Both males and females increased alcohol and SFA as a
percentage of total energy intake from BL.
This research is particularly imique in that we describe the impact of nicotine
transdermal patch and smoking status on dietary changes in solely a Hispanic study
population, of which 88% are Mexican-American. Therefore, our findings have
greater generalizability to Mexican-American populations rather than study
populations including other sub-groups of Hispanics. The prevalence of differences
among Hispanics and non-Hispanic whites in dietary habits in the U.S. are potentially
due to cultural or social differences between these groups (42). There is some
evidence that Hispanics are less concerned about weight gain than non-Hispanics (43).
Thus, this specific population may prove especially usefiil in evaluating changes in
caloric intake based on changes in smoking status rather than on concem with weight
gain and possible reduction of calories to compensate for this concem.

158

These results suggest some methodological problems when evaluating the
relationship between smoking, dietary intake, and weight gain with cessation. There is
the possibility of underreporting of food intake as many studies have shown that when
compared with independent measures of total energy expenditure (i.e. doubly-labeled
water) the use of dietary food records often leads to the underreporting of energy
intake, especially observed in obese persons (44). Three days of food assessment over
a 10 week period may fail to yield a reliable measure to detect changes in energy
intake or specific macronutrient content of the diet with smoking cessation. There is
biological within-person variation; whereby, the current daily food intake of a person
is dependent on their particular food pattem. There is also between-person variation in
normal food intake between the people in the study; however, this group is essentially
homogeneous as determined from our analyses of baseline characteristics. Although
differences between treatment groups in the various macronutrients appeared to be
substantial; the sample size was insufficient to detect significant differences with such
a large standard deviation in macronutrient intake. Nevertheless, it is apparent that the
impact of smoking cessation on weight gain cannot be ftilly explained by the increased
dietary intake of total energy and/or specific macronutrients. This implies that energy
expenditure is indeed altered by the process of smoking cessation; although the
relative contribution of energy expenditure and change in dietary intake warrants
further evaluation in future studies. We did not report changes in physical activity
with cessation; however, other studies have not found differences in activity level in
recent quitters from pre-cessation levels to post-cessation levels (18,19). Additionally,
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the relative contributions of changes in energy expenditure and dietary energy intake
appear to vary by gender, age, and nutritional status. Studies that assess these factors
in relationship to energy expenditure and dietary changes with post-cessation weight
gain may help determine specific strategies to help prevent post-cessation weight gain
and decrease the likelihood to relapse to smoking.
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Figure 1: Study Scheme
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Table 1 Baseline Characteristics of Hispanic Study Population Mean and (SEM)

Variable

N

FEMALE
Nicotine
Placebo
Patch
Patch
31

24

MALE
Nicotine
Placebo
Patch
Patch
23

30

Education (yrs)

13.3 (0.7)

13.0 (0.5)

13.5 (0.6)

12.3 (0.6)

Age

42.3 (1.6)

38.3 (1.4)

42.7 (2.1)

40.7 (1.4)

17.6 (1.2)

20.0 (1.5)

20.4 (1.8)

22.4 (2.4)

3.0 (0.4)

3.2 (0.6)

5.7 (2.4)

3.0 (0.6)

Number of years smoking

22.7 (1.5)*

8.2 (1.5)

23.5 (2.3)

23.4 (1.8)

Quit > 24 hours (% yes)

52.0%

78.0%'

47.0%

Cigarettes/Day
Previous quit attempts

Fagerstrom Score

3.8 (0.4)

50.0%
4.8 (0.5)

4.6 (0.5)

4.9 (0.4)

Acculturation (% more)

80.6%*

54.2%

43.5%

63.3%

Body Mass Index (kg/m")

27.5 (0.7)

27.2 (I.l)

28.2 (0.9)

27.9 (0.8)

Height (cm)

162.2 (I.I)

160.8 (1.1)

171.9 (1.2)

173.5 (2.0)

Weight (kg)

72.6 (2.3)

70.2 (2.6)

83.4 (2.8)

83.7 (2.5)

• Significantly greater than the placebo group ( p < 0.05) for the same gender
+ Marginally significantly greater than the placebo group (0.05< p <0.10) for the same gender
SEM = standard error of the mean
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Table 2 Reported macronutrient intakes at baseline (BL) by gender and treatment

Females

Males

Variable

Active

Placebo

Active

Placebo

N

(n=3I)

(n=24)

(n=23)

(n=30)

Energy (kcal)

1841.2(804.7)

1739.0(675.8)

2347.7(963.7)

(4.7)

16.8

(4.4)

34.3 (11.1)

37.5

(9.2)

Protein (% of energy)

16.9

(6.1)'

14.1

Total Fat (% of energy)

39.8

(7.8)^

35.6 (lO.I)

SFA (% of energy)

16.2

(7.7)

15.4

(7.2)

15.6

(7.9)

16.6 (18.6)

MUFA(% of energy)

15.3

(4.3)

14.3

(4.8)

13.0

(4.1)

14.1

(7.2)

PUFA (% of energy)

8.1

6.0

(2.3)

5.6

(2.7)

6.8

(3.4)

(4.1)^

(2.7)

2132.5(829.9)
14.9

Carbohydrates (% of
energy)
Total sugar (grams per
1000/kcal)
Alcohol (% of energy)

43.5

(9.3)

48.5 (11.9)^

49.1 (11-7)

45.5 (10.1)

41.0

(21.9)

59.6 (38.9)

43.0 (22.2)

44.3 (49.8)

7.1 (14.0)

4.8 (14.7)

7.4 (19.1)

5.5 (13.9)

* Significantly greater than the placebo group ( p < 0.05) for the same gender
+ Marginally significantly greater than the placebo group (0.05</7 <0.10) for the same gender
SEM = standard error of the mean
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Table 3 Reported change in macronutrient intakes from BL at 10 weeks by
gender, treatment, and smoking status

FEMALES
Variable
N
Nicotine
Placebo
Energy (kcals)
Nicotine
Placebo
Protein (% of energy)
Nicotine
Placebo
Total Fat (% of energy)
Nicotine
Placebo
SFA (% of energy)
Nicotine
Placebo
MUFA (% of energy)
Nicotine
Placebo
PUFA (% of enerev)
Nicotine
Placebo
Carbohydrate
(% of energy)
Nicotine
Placebo
Total Sugar
(g/lOOO/kcals)
Nicotine
Placebo
Alcohol (% of energy)
Nicotine
Placebo

MALES

Quitters

Non-quitters

Quitters

Non-Quitters

11
5

10
9

12
8

6
8

140.2 (474.7)
9.1 (271.3)

359.6 (663.8)
174.6 (546.9)

136.6 (259.5)
177.8 (440.7)

421.3(484.7)
56.9(802.6)

-1.9
1.7

(10.3)
(5.0)

-3.2
0.8

(7.8)
(8.3)

-0.7
-3.9

(4.8)
(4.8)

-2.6 (8.8)
-2.2 (10.2)

-4.4
6.5

(18.0)
(12.4)

-9.7
-1.8

(14.8)
(18.9)

-8.1
-14.6

(10.1)
(6.8)

5.4 (4.3)
-5.2 (20.3)

-3.1
1.4

(8.5)
(5.6)

-5.2
0.7

(5.1)
(5.8)

I.O
-2.2

(5.8)
(4.6)

2.7
-1.6

(6.0)
(4.7)

-1.4
3.0

(7.8)
(39.0)

-1.4
1.3

(5.1)
(6.7)

1.0
-3.7

(4.9)
(5.0)

1.5
-1.5

(3.6)
(9.9)

-1.0
-0.15

(5.8)
(3.2)

-0.1
-0.1

(28.4)
(4.1)

2.6
-3.4

(5.3)
(5.0)

2.1 (6.3)
0.6 (27.1)

5.4
-8.2

(25.4)
(14.5)

14.5
3.2

(18.9)
(25.9)

6.3
17.0

(16.0)
(11.2)

-2.8 (10.9)
5.1 (24.0)

9.0
3.0

(17.8)
(39.0)

-8.3
-27.5

(28.4)
(49.6)

40.8
8.9

(43.9)
(14.2)

-23.9 (19.5)
6.1 (27.1)

8.8
0.00

(7.8)
(0.0)

-8.1
-3.3

(5.9)
(7.9)

1.9
11.3

(1.4)
(13.9)

-5.3 (10.3)
-3.3 (9.6)
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Table 4a. Pearson correlation coefficients between macronutient change and vveiglit
change at 10 weeks for female successful quitters (n=35)

FEMALES
Weight Energy CHO

Tfat

Protein

MUFA

SFA

PUFA

Sugar

Change

Change

Change

Change

Change

Change

Change

Energy
Change
CHO (%
ofE
change)
TotalFat
(%ofE
change)
Protein
(%ofE
change)
MUFA
(%ofE
change)
SFA (%
ofE
change)
PFA (%
ofE
change)
Sugar
(per
1000
kcals
change)
Alcohol
(%ofE
change)
» p<=0.05

••p <= 0.01

Change

Change

.04
.18

.29

-.06

-.29

-.94«'»

-.17

-.17

-.58*

.38

.23

-.33

-.62*

.73»»

.14

-.09

-.01

-.29

.30

.07

.35

.24

-.43

-.23

.29

.24

.45

.21

.12

-.10

.30

-.30

-.18

-.28

.09

.20

.40

-.47

-.09

-.47

-.19

-.39

-.17

.695"

.17
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Table 4b. Pearson correlation coefficients between macronutient change and weight

MALES

Energy
Change
CHO (%
ofE
change)
TotalFat
(%ofE
change)
Protein
(%ofE
change)
MUFA
(%ofE
change)
SFA (%
ofE
change)
PFA (%
ofE
change)
Sugar
(per 100
kcals
change)
Alcohol
(%ofE
change)

Weight Energy

CHO

Tfat

Protein

MUFA

SFA

Change

Change

Change

Change

Change

Change Change

Change

PUPA

Sugar
Change

.08
.07

-.07

.12

-.13

-.34

.03

-.27

-.18

.60-'*

'A4*

.08

-.09

.25

.09

-.07

.06

-.04

.14

-.21

.39

-.36

-.08

-.21

.40

-.13

.36

.06

-.01

-.41

.11

.41

.24

.16

.19

.31

.40

.41

-.23

.01

-.02

-.12

-.04

-.22

• p <=0.05
••p <=0.01

-.10
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Table S. Multiple regression significant predictors for macronutrient changes
for females and males*

Females
Source
Change in % of Energy
as Carbohydrate
Baseline weight
Change in % of Energy
as total fat
Treatment
Change in total sugar
per lOQO/kcals of energy
Smoking status

SE

Coefficient

Pr>t

-0.572

0.323

0.092

-11.381

5.937

0.065

23.967

11.818

0.052

Males
Source

Coefficient

SE

Change in % of Energy
as Carbohydrate
Treatment
Smoking status

-16.507
12.273

6.500
6.529

0.017
0.071

Change in % of Energy
as total fat
Treatment
Smoking status

9.900
•I 1.225

4.950
4.972

0.065
0.033

Change in total sugar
per lOQO/kcals of energy
Smoking * Treatment

70.012

26.518

0.014

1.199

0.493

0.022

Change in % of Energy
as Alcohol
Baseline weight

Pr>t

* All dependent variables adjusted for treatment, smoking, BLweight, BL cigarettes, previous quit
attempts
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a brief summary of the project procedures is submitted to the Committee
for their endorsement and/or comment, if any, after administrative
approval is granted. This project is approved effective one for a period
of one year.
The Human Subjects Committee (Institutional Review Board) of the
University of Arizona has a current assurance of compliance, number M1233, which is on file with the Department of Health and Human Services
and covers this activity.
Approval is granted with the understanding that no further changes or
additions will be made either to the procedures followed or to the
consent form(s) used (copies of which we have on file) without the
knowledge and approval of the Human Subjects Committee and your College
or Departmental Review Committee. Any research related physical or
psychological harm to any subject must also be reported to each
committee.
A university policy requires that all signed subject consent forms be
kept in a permanent file in an area designated for that purpose by the
Department Head or comparable authority. This will assure their
accessibility in the event that university officials require the
information and the principal investigator is unavailable for some
reason.
Sincerely yours.

William F. Denny, M.D.
Chairman
Human Subjects Committee
WFD:js
cc:

Departmental/College Review Committee

