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ABSTRACT 

This study assessed the metabolic effect of cigarette smoking and food 

intake alone and in combination in a group of habitual young smokers ( 16.78 ± 

0.67 yrs). Nine females were presented, over four non consecutive days, with 

the following randomized conditions: (1) consumption of a 700 kcal high 

carbohydrate (CHO) meal (60% CHO, 15°/o Protein, 25°/o Fat); (2) inhalation of 

two cigarettes; (3) inhalation of two cigarettes preceded by the consumption of a 

700 kcal high CHO meal (60°/o CHO, 15o/o Protein, 25°/o Fat); (4) no cigarettes 

nor food consumption. Resting energy expenditure (REE) was measured by 

indirect open-circuit calorimetry prior to the treatment, immediately following each 

intervention, and for four consecutive hours thereafter. The results showed that 

the individual and combined effects of cigarette smoking and food consumption 

significantly increased (p < 0.05) REE above pre-treatment, and remained 

elevated across the five post-treatment time periods. For the no smoking/no 

food condition, REE did not increase from baseline and showed little change 

across the five post-treatment time periods, indicating minimal diurnal variation in 

REE for this control condition. No significant difference in REE existed among 

the conditions of smoking, food consumption, and food consumption/smoking at 

any time period. The findings from this investigation showed that the two 

thermogenic stimuli of smoking and eating (alone and in combination) 

ii 



increase the resting energy expenditure in a group of young female smokers. 

These increases in energy expenditure were larger in magnitude than was 

observed in previous studies conducted with the adult population, therefore it 

was suggested that the metabolic responses of adolescent females to 

thermogenic stimuli may be heightened when compared to adults. It was also 

suggested that cigarette smoking may increase the duration of the thermic effect 

of food {TEF). 
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CHAPTER 1 

Introduction and Review of Literature 

1.1 Introduction 

Cigarette smoking is associated with addiction, illness, and premature 

death (Edwards, 1995). Regardless of this, for various reasons, many people 

continue to smoke. For a significant subset of the smoking population, smoking 

is perceived as an appropriate way to control weight (Edwards, 1995). This is 

true for adolescent females in particular. For example, concerns about image 

and weight control have been found to play a large role in young women's 

decisions to start and continue using cigarettes (Gritz, Dlesges, & Meyers, 1989). 

As well, Charlton & Blair ( 1989) determined that an important indicator of 

smoking onset in adolescent females was their belief about ''what smoking could 

do for them", such as make them popular, or help them to lose weight. Of 

teenage girls who already smoke, a high correlation between smoking habits and 

opinions on the degree to which smoking controls weight has been found 

(Charlton, 1984 ). A recent study has confirmed this link between cigarette 

smoking and body weight/shape concerns in Canadian adolescents (Crisp, 

Stavrakaki, Williams, Sedgwick, Kiossis, 1998). These concerns are relevant to 

a large number of Canadian adolescents, since in November of 1994, 29°/o 



(approximately 261 ,000) of Canadian adolescent women were smoking. Two

thirds of these smokers consume an average of 11 cigarettes per day (Health 

Canada, 1995). Furthermore, although it has been found that although the 

overall proportion of smokers in Canada is decreasing, the proportion of 

adolescent females who smoke is increasing (Berman & Gritz, 1991 ). 

Similar to the findings that many individuals start to smoke for its so-called 

weight control "benefits", it has also been shown that many smokers are reluctant 

to quit smoking due to a fear of a post-cessation weight gain (Kiesges, Meyers, 

Klesges, & LaVasque, 1989). It has been found that plans to not quit smoking 

are predicted by the number of prior quit attempts, higher levels of weight control 

smoking, increasing age, and gender, with women being more likely to be weight 

control smokers, especially if they gained weight on previous quit attempts 

(Weekley, Klesges, Reylea, 1992). Furthermore, of individuals participating in a 

formal smoking cessation program, those who were weight concerned were less 

likely to be successful in their efforts at quitting (Meyers, Klesges, Winders, 

Ward, Peterson, & Eck, 1997). As well, weight gain and increased appetite have 

been reported as the cause of smoking relapse in individuals who were 

unsuccessful in quitting (Kiesges & Klesges, 1988). 

In order to decrease the high prevalence of smoking, it has been 

suggested that effective smoking cessation programs must be designed. To be 

effective, such programs should address the concerns related to the increase in 

body weight that is associated with smoking cessation (Edwards, 1995). Such 

programs require information that identifies the mechanisms by which body 
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weight may be decreased by smoking, and increased by smoking cessation. 

One such mechanism may be the interaction of nicotine with other metabolic 

stimuli, such as food. 

It has been shown that cigarette smoking and food consumption both 

cause an increase in the metabolic rate (Audrain, Klesges, DePue, & Klesges, 

1991; Perkins, Epstein, Stiller, Sexton, Fernstrom, Jacob, & Solberg, 1990; 

Walker, Collins, Nannini, & Stamford, 1992). The effects of the combination of 

cigarette smoking and food consumption, however, are not as clear (Audrain et 

al., 1991; Robinson & York, 1986, 1988; Warwick, Chapple, & Thompson, 

1987). Cigarette smoking is common following the consumption of a meal 

(Ashton & Stepney, 1982). Perhaps this is due to a belief by smokers that 

smoking after a meal may decrease the accumulation of body fat by increasing 

energy expenditure. Research that examines the metabolic effects of cigarette 

smoking following the consumption of a meal could clarify the role that post-meal 

smoking plays in the decreased body weights of smokers. Such research may 

also allow for the development of effective smoking cessation programs. These 

programs could minimize the chance that weight gain would occur following 

smoking cessation, which in turn, could maximize the chance that attempts at 

smoking cessation would be successful. 

Another way to increase the success of smoking cessation programs is to 

provide programs that are aimed at specific target populations, such as women 

and adolescents. In order to develop such programs, research should be 

conducted that includes individuals from these populations. To date, little of the 
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smoking research has been conducted on women. Still fewer are the studies 

which include adolescents. Determining the metabolic responses of these 

groups to cigarette smoking will allow for the development of smoking cessation 

programs designed specifically for them. This may, in turn, lead to greater 

success in smoking cessation programs (Edwards, 1995), thus decreasing the 

overall incidence of smoking and leading to a healthier Canadian society. 

1.2 Review of Literature 

1.2.1 Relationship Between Smoking and Body Weight 

The effect of smoking on body weight has been well documented in the 

literature, with the existing studies consistently demonstrating that smokers have 

a decreased body weight and lower levels of body fat when compared to 

nonsmokers. (Aibanes, Jones, Micozzi, Mattson, 1987; Fehily, Phillips, Yarnell, 

1984; Jacobs & Gottenborg, 1981; Klesges, Eck, Isbell, Fulliton, Hanson, 1990; 

Klesges et al., 1989; Molarius, Seidell, Kuulasmaa, Dobson, & Sang, 1997; Wack 

& Rodin, 1982). This relationship has been observed in most populations, and 

seems to hold true especially for women (Molarius et al., 1997). In a 

comprehensive review of the literature, Klesges et al. (1989) found that 

approximately 80°/o of 70 studies supported the inverse relationship between 

smoking and body weight, with methodological limitations in the remaining 

studies perhaps accounting for the discrepancies. In addition, the many animal 

studies that have been conducted in this area further support the relationship 

between smoking and a decreased body weight by showing that nicotine 
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administration induces weight loss in rats (Grunberg & Bowen, 1985; Grunberg, 

Bowen, & Morse, 1984; Grunberg, Bowen, & Winders, 1986; Grunberg, 

Winders, & Popp, 1987; Schwid, Hirvonen, & Keesey, 1992; Wellman, Marmon, 

Reich, & Ruddle, 1986). This research also suggests that nicotine is the primary 

component of cigarette smoke that is responsible for the effects of smoking on 

body weight (Grunberg et al., 1984; Wellman et al., 1986). 

1.2.2 Factors Affecting the Smoking-Body Weight Relationship 

While it is apparent that smoking decreases body weight, there is 

individual variability in the degree to which smoking exerts its weight control 

properties. Such variability can be partly explained by the moderator variables of 

age, smoking rate, and gender (Kiesges, Klesges, & Meyers, 1991 ). It has been 

reported in the literature that after the age of 25, as smokers increase in age, the 

increase in body weight that normally occurs with age is less evident, and the 

difference in body weight between smokers and nonsmokers becomes more 

apparent (Aibanes et al., 1987; Jacob & Gottenborg, 1981). Albanes et al. 

( 1987) have demonstrated that this greater weight suppression in older smokers 

may be a result of an increased duration of smoking, as there is a linear 

decrease in body weight and fatness associated with increasing duration of 

cigarette smoking in terms of the number of years that a person has smoked. In 

studies that have examined the relationship between smoking rate and body 

weight, the most consistent finding indicates that moderate male smokers ( 10-20 

cigs/day) benefit from greater weight control due to smoking than either light 
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male smokers { < 10 cigs/day) or heavy male smokers {>20 cigs/day) {AI banes et 

al, 1987; Fehily et al, 1984; Jacobs & Gottenborg, 1981). Other investigators, 

however, have found that the U-shaped relationship between BMI and number of 

cigarettes smoked does not exist {Molarius et al., 1997). For women, this 

relationship has been supported in some studies {Molarius et al., 1997}, but not 

in others {Kiesges et al., 1991 ). For this reason, it has been suggested that 

gender differences may exist in the response to nicotine {Kiesges et al., 1989; 

1991; Molarius et al., 1997). Compared to men, women generally show greater 

weight control from the consumption of cigarettes {Fisher & Gordon, 1985; 

Klesges et al., 1989; 1991; Molarius et al., 1997), which may be attributed to the 

fact that nicotine is metabolized slower in the female population {Benowitz & 

Jacob, 1984 ). 

1.2.3 Relationship Between Body Weight and Smoking Cessation 

Based on the number of studies that have shown that nicotine 

administration and cigarette smoking can decrease body weight, a similar line of 

reasoning would suggest that the removal of such stimuli would cause a 

concomitant increase in body weight. Animal research {Grunberg & Bowen, 

1985; Grunberg, Bowen, & Winders, 1986; Grunberg, Winders, & Popp, 1987; 

Schwid, Hirvonen, & Keesey, 1992) and human research alike {Hall, Ginsberg, & 

Jones, 1986; Hall, McGee, Tunstall, Duffy, & Benowitz, 1989; Hatsukami, 

Hughes, Svikis & Pickens, 1984; Moffatt & Owens, 1991; Rodin, 1987; 

Stamford, Matter, Fell, & Papenek, 1986) have shown that such an increase in 
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body weight does occur with nicotine withdrawal or smoking cessation. These 

studies have shown that after quitting smoking, weight gain is rapid, occurring as 

early as one week following cessation (Kiesges et al., 1990). This increase in 

body weight is largely due to increased levels of body fat (Moffatt & Owens, 

1991 ). Although the weight gain following smoking cessation is largely variable, 

it has been suggested that major weight gain (>13 kg) occurs only in a minority of 

those who stop smoking (Williamson et al., 1991 ). Generally, the weight gain 

following smoking cessation is 1 0 lbs., bringing the weight of the smoker up to 

that of individuals who have never smoked (Perkins, 1993; Schwid et al., 1992; 

Wack & Rodin, 1982; Williamson et al., 1991 ). Even though such a weight gain 

does not pose a health risk to the individual, especially when compared to the 

benefits of quitting smoking, it has been suggested that the possibility of this 

weight gain deters many weight concerned smokers from attempting to quit 

{Meyers et al., 1997). Although one study has found that weight concerns do not 

interfere with smoking cessation attempts {French, Jeffery, Pirie, & McBride, 

1992), these results could be explained by the finding that the prevalence of 

weight concerned individuals who participate in formal smoking cessation 

programs is low (Meyers et al., 1997). 

1.2.4 Mechanisms in the Smoking-Body Weight Relationship 

The inverse relationship between smoking and body weight has been well 

documented in the literature, however the mechanisms underlying this 

relationship have not been established. Although it has been suggested that the 
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lower body weights of smokers may be a result of a decreased caloric intake, or 

an increased level of physical activity in smokers compared to nonsmokers, 

empirical evidence indicates that this is not the case. 

Dietary Intake. Many studies have reported that although smokers maintain a 

lower body weight than nonsmokers, smokers' dietary intakes are the same as, 

or even greater than those of nonsmokers (AI banes et al., 1987; Fehily et al., 

1984; Fisher & Gordon, 1985; Grunberg, 1982; Jacobs & Gottenborg, 1981; 

Klesges et al., 1990; Kromhout, Saris, & Horst, 1988; Perkins et al., 1990; 

Robinson & York, 1986). Perkins et al. (1990) have found that the administration 

of nicotine to both male smokers and nonsmokers resulted in a greater satiation 

following a caloric load, however this did not affect the amount of calories 

consumed by the smokers during the meal. Animal research on male rats also 

indicates that nicotine administration does not cause a decrease in total food 

consumption (Grunberg et al., 1984; Grunberg et al., 1987). It should be noted, 

however, the opposite was noted in female rats, with a decrease in food 

consumption following nicotine administration. Gender differences may therefore 

exist in the effects of nicotine on food consumption (Grunberg et al., 1986; 

Grunberg et al., 1987), which may help explain the greater weight control 

properties of smoking in females. Nevertheless, replications of these results in 

the human population is necessary before such an explanation can be accepted. 

Even though the research indicates that, in general, there is no difference 

in the quantity of food intake between smokers and nonsmokers, there is 
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evidence that there may be a difference in the type of food consumed by these 

groups. In both male and female smokers, Grunberg (1982) demonstrated that 

cigarette smoking was associated with a decre&sed consumption of sweet tasting 

high caloric foods. Redington (1983) further showed that smokers had a 

decreased rating of the pleasantness of very sweet solutions. As well, Grunberg 

and Morse ( 1984) demonstrated that in the United States between the years of 

1964-1977 and 1968-1973, there was an inverse relationship between the 

consumption of sugar and cigarettes. Animal research has also shown that 

nicotine administration may decrease the preference for sweet tasting foods 

(Grunberg, 1982; Grunberg, Bowen, Maycock, & Nespor, 1985). 

Physical Activity. Apart from the literature showing that the caloric intake of 

smokers does not differ from that of nonsmokers, studies have also shown that 

smokers do not have increased levels of physical activity when compared to 

nonsmokers (Aibanes et al., 1987; Klesges et al., 1989; Perkins, 1993; 

Stamford, Matter, Fell, Sady, Cresanta, Papanek, 1984 ). Some investigations 

have even shown that smokers exhibit lower activity levels than nonsmokers, 

even though they weigh less and have significantly lower amounts of body fat 

(Kiesges et al., 1991; Klesges et al., 1990). In agreement with this, the literature 

on smoking cessation indicates that smokers and nonsmokers expend similar 

amounts of energy through physical activity. Hall et al. (1989) demonstrated that 

physical activity levels do not change upon smoking cessation, therefore refuting 

the explanation of postcessation weight gain through decreased physical activity 
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levels in ex-smokers. Other studies have also demonstrated that differences in 

physical activity levels do not explain either the discrepant body weights between 

smokers and nonsmokers, or the postcessation weight gain experienced by 

exsmokers (Hatsukami et al., 1984; Klesges et al., 1989; Rodin, 1987; Stamford 

et al., 1986). 

Metabolic Rate. In view of the findings that smokers weigh less than 

nonsmokers, and that this weight difference cannot be explained by differences 

in physical activity or food consumption, the only remaining determinant of 

energy balance that can account for these weight differences is the metabolic 

rate. A substantial amount of research indicates that smoking and nicotine do 

exert an acute effect on the metabolic rate (Dalloso & James, 1984; Perkins, 

Epstein, Stiller, Marks, & Jacob, 1989; Robinson & York, 1986; Stamford et al., 

1986). Studies examining the acute effects of smoking on metabolic rate have 

indicated that within 1-3 hours post smoking, the metabolic response to cigarette 

smoking or a nicotine dose is variable, and can cause an increase in metabolic 

rate up to 14°/o above baseline (Collins, Cornelius, Vogel, Walker, & Stamford, 

1994; Collins, Walker, & Stamford, 1996; Perkins et al., 1989). Even though 

the acute effects of smoking on the metabolic rate have been demonstrated in 

the literature, there appears to be no chronic effect of smoking on the metabolic 

rate. Hofstetter, Schutz, Jequier, and Warren ( 1986) found that smoking 24 

cigarettes over 12 hours increases the 24 hour energy expenditure of smokers by 

up to 1 0°/o. Although these investigators did not provide a time course for the 
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increase in energy expenditure, it was suggested that this increase was acute in 

nature, as energy expenditure was returned to pre-smoking levels by the 

morning. 

Studies examining the resting energy expenditure (REE) following 

cessation of smoking also indicate that there is little or no change in the REE of 

exsmokers over the long term (>48 days) (Dalloso & James, 1984; Klesges et 

al., 1989; Stamford et al., 1986). These findings provide further support for the 

explanation that the effects of smoking on metabolic rate are only acute in 

nature. 

1.2.5 Smoking and the Thermic Effect of Food 

Despite the consistent findings of an acute increase in metabolic rate due 

to smoking, this increase is largely variable (Dalloso & James, 1984; Moffatt & 

Owens, 1991 ). In an effort to account for this variability, one explanation that has 

been suggested in the literature is the failure to account for the interaction of 

nicotine with other metabolic stimuli, such as food (Audrain et al., 1991; Perkins 

et al., 1990; Robinson & York, 1988, 1986;). The thermic effect of food (TEF) 

is the 1 0-40o/o increase in the resting metabolic rate which lasts for approximately 

6 hours following the consumption of a meal (Danforth, 1985). Although the TEF 

accounts for only approximately 10 percent of total daily energy expenditure, it is 

thought to be important in the long-term regulation of energy balance. Empirical 

evidence suggests that a blunted TEF may be one of the causes of obesity 

(Schutz, Bessard, & Jequier, 1984; Segal, Edano, Blando, & Pi-Sunyer, 1990; 
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Segal, Gutin, Albu, & Pi-Sunyer, 1987). 

The thermic effect of food can be broken down into two components. One 

aspect of the TEF involves the metabolic costs of processing the meal through 

digestion, transport, absorption, and storage, and is termed obligatory 

thermogenesis. The other aspect of the TEF, the facultative component, 

exceeds the costs of processing the meal, and accounts for approximately 1/3 of 

the total TEF (Acheson, Ravussin, Wahren, & Jequier, 1984 ). Although the exact 

role of the facultative thermogenesis is unknown, it has been suggested that it 

may be mediated in part by the sympathetic nervous system (Morgan, York, 

Wasilewska, & Portman, 1982; Schwartz, Jaeger, Silberstein, & Veith, 1987; 

Tappy, 1996). Due to the fact that cigarette smoking has been shown to cause 

an increase in sympathetic nervous system activity (Cryer, Haymand, Santiago, 

& Shah, 1976), the consumption of cigarettes may lead to an increase in the 

thermic effect of a meal through its subsequent influence on the facultative 

component of the TEF. 

The limited studies (Audrain et al., 1991; Perkins et al., 1990; Robinson 

& York, 1986, 1988; Walker et al., 1992; Warwick et al., 1987), that have 

examined the effect of nicotine on the thermic response to a meal have yielded 

inconclusive results. Robinson & York (1986, Part A), examined the thermic 

response to a liquid meal composed of 2.09 MJ of "Ensure" (13.9°/o protein, 

31.1 o/o fat, 54.9% carbohydrate) or an equal volume of water, in 8 pairs of female 

smokers and nonsmokers. The subjects in each smoking condition were 

matched for age and weight, with both the smokers and nonsmokers being, on 
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average, 25 .:!: 2 years old and weighing 64 .:!: 3 kg. The experimental protocol 

consisted of a 30 minute rest period, during which time the smokers were 

allowed to smoke. Following the rest period, the resting metabolic rate was 

assessed for one hour, via indirect calorimetry using a ventilated hood. 

Following RMR assessment, the meal or water was consumed, and MR was then 

measured noncontinuously for 4 hours. This assessment consisted of 50 mins of 

measurement followed by a 10 minute rest period, during which the smokers 

were encouraged to smoke. The smokers were required to smoke the same 

amount of cigarettes on both the liquid meal and water days (mean number of 3 

per 5 hour period, with a range of 0-4 cigarettes). Over the 4 hour period, the 

increase in RMR due to a meal was found to be 20 + 3% for the smokers and 17 

+ 2o/o for the nonsmokers. The mean TEF was found to be 35% greater in the 

smokers than in the nonsmokers. The investigators therefore concluded that 

smoking and meal consumption had an additive effect on the metabolic rate. 

In a later investigation, the same authors (Robinson & York, 1988) 

examined the 4 hour thermic responses of 30 young, normal weight female 

smokers and nonsmokers to a liquid formula meal, an isocaloric glucose load, 

and a standard breakfast meal. The liquid meal, which consisted of 2.09KJ of 

"Ensure", was composed of 69°/o carbohydrate, 18°/o protein, and 18o/o fat. The 

glucose load was equal in caloric value to the liquid meal, while the "standard 

breakfast meal" consisted of 35g of cornflakes, 130ml semi-skimmed milk, 220g 

orange juice, 12g sugar, and 40g cheddar cheese (69o/o carbohydrates, 19°/o 

protein, and 16°/o fat). This investigation was divided into two parts. In Part A, 
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the responses of 9 smokers (21 ~ 2 years old; 60 ~ 3kg) and 7 nonsmokers (23 ~ 

1 years old; 60 + 3kg) to the liquid meal and the glucose load were examined. 

Part B examined the responses of 6 smokers (23 ! 1 years old; 64 ! 4kg) and 8 

nonsmokers (20! 0.2 years old; 61 ! 2kg) to the standard breakfast meal and 

the liquid meal. The experimental procedure was identical in Parts A and B, and 

similar to that reported earlier by Robinson and York (1986). The results 

indicated that smoking increases the postprandial energy expenditure similarly, 

regardless of the type and composition of the meal. The mean difference in the 4 

hour TEM between smokers and nonsmokers was 70kJ for the liquid meal, 52kJ 

for the glucose load, and 60kJ for the breakfast meal. In support of the earlier 

study (Robinson & York, 1986), the authors concluded that the increase in MR 

due to smoking and a meal was additive in nature. Once again, the smokers 

were permitted to smoke freely both after the meal and during the 10 minute 

breaks from the metabolic assessment, with an average of 4.8 _:!: 0.4 cigarettes 

smoked per experimental day in Part A, and 4.3 ! 0.5 cigarettes in Part B. 

Although the above two investigations (Robinson & York, 1986; 1988) found that 

the MR of smokers was significantly increased due to smoking and the 

consumption of a meal, one major limitation presented by both of these studies 

was the lack of control of the smoking condition. In the 1986 study (Robinson & 

York), the subjects were allowed to smoke freely before the baseline RMR 

assessment, while in both the 1986 and the 1988 studies (Robinson & York), the 

subjects were permitted to smoke freely after the meal and during the 

subsequent 4 hour metabolic assessment period. This uncontrolled smoking 
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condition may have affected the metabolic data, and also made it impossible to 

determine the separate effects of smoking and a meal. 

Contrary to the above findings, Warwick et al. ( 1987) found that the 

thermic response to a meal was not potentiated by smoking two cigarettes in 15 

normal weight, healthy subjects. The subjects consisted of 5 nonsmokers, 5 

occasional smokers (5-1 0 cigs/week), and 5 habitual smokers (>15 cigs/day). 

The subjects were both males and females with an average age of approximately 

24 .:!:: 4 years. Energy expenditure was measured by indirect calorimetry using an 

open-circuit ventilated hood system for 5 hours following the ingestion of a 

standard breakfast meal (60°/o carbohydrate, 15°/o protein, and 30o/o fat). The 

experimental protocol consisted of a 15 minute BMR assessment, followed by a 

20 minute treatment period which consisted of 4 conditions: (1) a meal with 

smoking, (2) a meal without smoking, (3) no meal with smoking, and (4) no meal 

without smoking. The smoking condition consisted of 2 cigarettes smoked in 

succession, and the no food condition consisted of a glass of water or a cup of 

black decaffeinated coffee. The treatments were arranged in pairs, with the 

paired measurements conducted on consecutive days. Smokers randomly 

participated in all conditions, while the nonsmokers participated only in the 

nonsmoking conditions. For women, the second pair of studies were completed 

at the same phase of the menstrual cycle as the first pair. The energy 

expenditure was measured continuously for 5 hours subsequent to the treatment. 

The results showed that the TEF was nonsignificantly lower with smoking (8.6o/o 

of ingested energy) than without smoking (10.0°/o of ingested energy). One 
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limitation of this study, however, was that the investigators failed to verify the 

smoking abstinence of the subjects before the measurement of BMR, which may 

have affected the results. As well, if the subjects were smoking deprived for the 

morning before the metabolic assessment, the 2 cigarettes may not have 

provided enough stimulation to cause a significant response over the 5 hour 

assessment of energy expenditure. 

Perkins et al. (1990) examined the thermic response to a nicotine dose 

(1.1 mg) and a 359 kcalliquid meal, composed of 67°/o carbohydrates, 10o/o 

protein, and 23% fat, in 10 male smokers and 10 male nonsmokers. In this 

study, the subjects were matched for age (mean smokers = 23 .:!: 1 years; 

nonsmokers= 21 + 1 years), body weight (mean smokers= 75 + 4kg; - -

nonsmokers = 76 + 2kg), percent body fat (mean smokers = 16 + 1 o/o; - -

nonsmokers= 17 + 1o/o), and estimated maximal oxygen uptake (mean smokers 

= 38 :!: 3 ml 02/kg/min; nonsmokers = 41 :!: 2 ml 0 2/kg/min. The four treatment 

conditions were: (1) a meal with nicotine nasal spray, (2) a meal with placebo 

nasal spray, (3) water with nicotine nasal spray, and (4) water with placebo nasal 

spray. After a 30 minute baseline RMR measurement via indirect calorimetry 

using open circuit spirometry, the subjects received either the nicotine or placebo 

spray. The subsequent 2 hour metabolic assessment consisted of four 20 

minute measurement periods, with a presentation of the nicotine or placebo dose 

in between each period. The results indicated that nicotine without the calorie 

load significantly increased the metabolic rate by 6.8o/o of RMR in smokers and 

by 6.4°/o of RMR in nonsmokers. The calorie load without nicotine also 
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significantly increased the metabolic rate by 18.3o/o of RMR in smokers, and 

18.6o/o of RMR in nonsmokers. However, the combined effects of nicotine and 

the calorie load were less than additive, with an increase in RMR of 21.4°/o in 

smokers, and an increase of 18.6°/o in nonsmokers. The investigators concluded 

that nicotine did not potentiate the TEM. 

Although this study had a strong experimental design, it presented some 

practical limitations. First of all, in order to generalize to natural smoking 

conditions, actual cigarettes should be used in place of nicotine nasal spray. As 

well, because the metabolic assessment was limited to 2 hours, this may not 

have been a sufficient time period to measure the long term impact of nicotine on 

the TEF. 

Another study attempted to determine the relative thermic effects of 

smoking and exercise in the fasted and postprandial state. Walker et al. ( 1992) 

examined 10 young, physically fit male smokers whose average age was 25 .::!: 4 

years, and who smoked, on average 24:!: 5 cigs/day. The study consisted of 6 

randomly assigned treatments: (1) meal only, (2) meal and smoking, (3) meal 

and exercise, (4) fasted smoking, (5) fasted exercise, and (6) fasted no 

treatment. The 87 4 kcalliquid meal consisted of 59.5°/o carbohydrate, 26.9o/o 

protein, and 13.6°/o fat. The smoking condition consisted of 2 cigarettes 

consumed in succession. After a 45 minute baseline RMR assessment via 

indirect calorimetry with a full face, open-system dilution mask, the subjects 

underwent a 40 minute treatment period followed by four, 15 minute RMR 

measurements with a 45 minute break between each measure. As with the 
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investigation by Perkins et al. (1990), it was found that cigarette smoking 

increased the RMR by 6%, while consuming the meal increased the RMR by 

21 o/o. The combination of smoking and meal consumption resulted in only a 22% 

increase in RMR above baseline. From these results, it was once again 

concluded that the effects of smoking and a meal were less than additive, and 

that smoking does not potentiate the postprandial energy expenditure. Because 

this study examined only the responses of young, lean males, however, the 

generalizability of the findings are limited to this population. 

A later study conducted by Audrain et al. (1991) attempted to control for 

some of the methodological problems in the earlier studies discussed above. In 

order to generalize the findings of their study to natural conditions, these 

investigators examined the effects of a typical meal and the use of cigarettes on 

the metabolic responses of 15 female smokers (average age= 24.:!: 4 years old). 

A larger sample size was chosen than in the previous studies in order to account 

for the increased variability in REE due to smoking (Kiesges, Coday, Pascale, 

Meyers, Winders, & Hultquist, 1990). The participants were smokers, consuming 

at least 20 cigarettes per day. The subjects were between the15th and 85th 

percentile of their normal weight, based on Department of Health, Education, and 

Welfare norms (DHEW, 1979). The subjects were randomly assigned to one of 

four treatment conditions: (1) standard meal with smoking, (2) standard meal 

without smoking, (3) no meal with smoking, and (4) no meal without smoking. 

The 500 kcal standard meal consisted of two chocolate chip breakfast bars and 8 

ounces of skim milk (43.2°/o carbohydrate, 16.4 percent protein, and 40.4°/o fat). 
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The smoking condition consisted of smoking at least two cigarettes immediately 

following the consumption of the meal or water, and directly before the 

subsequent RMR assessment. The metabolic rate was assessed by a critical 

care monitor, which is an indirect method of calorimetry that provides breath-by 

breath values of resting energy expenditure. At the beginning of each testing 

session, the subjects' carbon monoxide level was measured to ensure a 2 hour 

abstinence from smoking before reporting to the laboratory. After smoking 

abstinence was verified, subjects underwent a 25 minute baseline REE 

assessment, followed by a 25 minute treatment phase consisting of one of the 4 

treatment conditions. The MR was then measured for the 4 subsequent hours, 

with 45 minute measurement periods and 15 minute break periods. During the 

break periods, the subjects in the smoking condition consumed at least one 

cigarette. The results indicated that the MR was increased by an average of 

17o/o in the meal without smoking condition, and by an average of 8°/o in the no 

meal with smoking condition. The average increase in MR due to the 

combination of the meal and smoking was only 21 °/o. In other words, cigarette 

smoking did not potentiate the magnitude or duration of the thermic effect of 

food. These results support those of the Perkins et al. ( 1990) and the Walker et 

al. ( 1992) investigations, in which the combination of nicotine administration or 

cigarette consumption and a calorie load did not produce an additive increase in 

the metabolic rate. 
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1.2.6 Limitations in the Literature 

The study by Audrain et al. (1991) addressed many of the methodological 

limitations in the previous studies. One shortcoming of this study, however, is 

the possible confounding effects of the menstrual cycle on energy expenditure. It 

has been shown that the metabolic rate varies in a cyclical fashion with the 

menstrual cycle, and that energy expenditure decreases during menstruation, 

falling to a low point approximately one week before ovulation, and then rising in 

the two weeks following ovulation (Bisdee, Garlick, & James, 1989; Solomon, 

Kurzer, & Calloway, 1982; Webb, 1986). In order to control for these effects of 

the menstrual cycle, and attribute the observed changes in metabolic rate solely 

to the metabolic stimuli being examined, future studies should control for the 

confounding effects that the menstrual cycle may have on energy expenditure. 

Another shortcoming of the study by Audrain et al. (1991) is the limited 

study population. Because the sample in this study was comprised of females 

aged 18 to 32 years old, generalizations can only be made to this population. 

Women represent a group that has been understudied in the smoking literature 

(Heckler, 1985), especially adolescent women. It is important to conduct studies 

which include adolescent women, especially since women are most likely to take 

up smoking in their preteen and adolescent years (Edwards, 1995). The results 

of recent surveys in Canada indicate that teenage smoking is reaching epidemic 

proportions (Health Canada, 1994 ). Such surveys indicate that approximately 

29o/o of teenage women aged 15-19 were smoking in November of 1994. Eighty

three percent of these women started smoking before the age of 16, and 
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approximately two-thirds of them smoked an average of 11 cigarettes per day 

(Health Canada, 1994). 

1.3 Statement of the Problem 

A limited number of studies have been conducted which have examined 

the effects of smoking and food consumption on the metabolic rate. All of these 

studies have been conducted with an adult population. In view of the large 

number of adolescent females that are smoking, it is important to identify the 

metabolic effects of smoking in this age group, as these may be different than 

those observed in the adult population. The purpose of this study is to examine 

the effects of food consumption and cigarette smoking on the metabolic rate in 

adolescent females. 

1.4 Research Hypothesis 

1.4.1 Cigarette smoking will cause an increase in the resting energy expenditure 

of adolescent females. 

1.4.2 Food consumption will cause an increase in the resting energy 

expenditure of adolescent females. 

1.4.3 The combination of cigarette smoking and food consumption will cause a 

non-additive increase in the resting energy expenditure of adolescent 

females. 
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CHAPTER2 

Methods 

2.1 Subjects 

Thirty-one adolescent females were recruited from a school within the 

Saskatoon Public School System. Of the 31 individuals who expressed an 

interest, 13 volunteered to participate in the study. Support for the study was 

granted by the teaching and administrative staff of the school. Application for 

ethical approval of the study was granted by the Advisory Committee on Ethics in 

Behavioral Science Research at the University of Saskatchewan, and the 

Saskatoon Board of Education Department of Educational Services. 

The students voluntarily participated in the study. The number of 

participants was chosen to be consistent with previous studies in this area, which 

have ranged in sample size from 10 subjects (Walker et al., 1992), 15 subjects 

(Audrain et a f., 1991; Warwick et al., 1987), 16 subjects (Robinson & York, 1988, 

1986), and 20 subjects (Perkins et al., 1990). 

The participants were selected from a list generated by the guidance 

teacher, the health and physical education teacher, and the vice-principal within 

the school. This list was generated on the basis of the students' attendance 

history and school performance in order to ensure that the dropout rate in the 
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study was as low as possible. As well, it was important that the students 

selected were able to miss up to four days of school over a four month period 

during the study. The students were between the ages of 16 - 18 years, as 16 is 

the legal age in Saskatchewan to possess tobacco products, and 18 is the legal 

age in Canada to purchase tobacco products. The participants were restricted 

according to body fatness in order to reduce the variance in the metabolic 

response to smoking that has been shown to occur in individuals with a BMI 

greater than 30kg/m2 (Audrain, Klesges, & Klesges, 1995). BMI was chosen as 

the measure of body fatness, as it has been suggested that it is significantly 

correlated with subcutaneous and total body fatness in adolescents (r = .4 to . 7) 

(Marshall, 1995). The criteria for a participant being considered a smoker was 

that she smoked more than once a day (Lloyd, Lucas, & Fembach, 1997). This 

criteria was chosen to be consistent with the classification of habitual adolescent 

smokers in previous studies (Camp, Klesges, & Relyea, 1993; Wills, & Cleary, 

1997). The participants were screened to ensure that they had a regular 

menstrual period. Informed consent was obtained from the school system, 

parent/guardian, and student. 

2.2 Research Procedures 

2.2.1 Apparatus and Measures 

Testing environment. The metabolic assessment took place in the Exercise 

Physiology Laboratory at the University of Saskatchewan College of Physical 

Education, in which the temperature was maintained between 18-23 degrees 
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Celsius over the course of the study. Due to University regulations, the smoking 

took place outside of the building, however the exit was accessible in the lab, 

thereby reducing the transition time from the smoking condition to the metabolic 

assessment. 

Resting metabolic rate (RMR). RMR was measured with a VMAX 29 Series 

metabolic cart, by Sensormedics (Yorba Linda, CA). The VMAX 29 employs an 

analyzer module, pneumatics module, an AST486 desktop computer, mass flow 

sensor, 16o/o 02 , 4o/o C02 calibration cylinder with gas valve, 26o/o 02 , 0°/o C02 

calibration cylinder with gas valve, and calibration syringe. It provides an open

circuit, indirect method of calorimetry though the use of a dilution test. A 

ventilated hood was placed over the participants' head, through which they 

inhaled room air and exhaled into the hood, which was hooked up to gas 

analyzers via a collection tube. 

Height and weight. Height was measured to the nearest 1 mm with a stadiometer 

designed by the personnel in the Exercise Physiology Laboratory at the 

University of Saskatchewan. Weight was measured to the nearest 1 kg on a 

spring scale by Toledo Corporation. 

2.2.2 Procedures 

Participants arrived at the lab at 8 a.m., on four separate occasions in a 10 

hour food/caffeine deprived state. The participants were also required to abstain 
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from strenuous physical activity 24 hours prior to reporting to the lab. In order to 

ensure that the participants are deprived of nicotine for at least 2 hours prior to 

the metabolic assessment, they were required to remain in the lab from 8 a.m. to 

10 a.m., during which time they were able to read, study, watch tv, or sit quietly. 

The 2 hour nicotine deprivation period was chosen because the effects of 

nicotine are acute, therefore any affects from a cigarette smoked before this 2 

hour period would be worn off (Perkins et al., 1989). As well, it has been 

suggested that longer periods of smoking abstinence might put subjects into 

smoking withdrawal, thus decreasing energy expenditure (Kiesges et al., 1990). 

In order to control for the effects of the menstrual cycle on energy 

expenditure, all participants were tested at approximately the same point in their 

cycle. The menstrual cycle was defined as a 28 day cycle, with three phases: the 

menstrual phase, the follicular phase, and the luteal phase. In order to simplify 

the identification of these phases, Day 1 of the cycle was defined as the first day 

of menstrual flow (menstrual phase, days 1-4), with ovulation occurring 

approximately 14 days later (follicular phase, days 4-14). It has been shown that 

energy expenditure increases in the two weeks following ovulation (luteal phase, 

days 14-28) (Solomon et al., 1982; Webb, 1986), and that there is a sudden 

decrease in EE at the beginning of the menstrual period , followed by a gradual 

return of these values to normal within 7 to 10 days (Solomon et al., 1982). 

Because the EE seems to be affected least during the late follicular phase, the 

metabolic assessments were conducted during this period (days 7-14 of the 

menstrual cycle). 
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In the initial testing session, all the participants: (1) completed the 

informed consent form, (2) were presented with a brief introduction to the study, 

and (3) had their height and weight measured. Subsequent to this, they were 

randomly assigned to one of four testing conditions: (1) no food, no smoking, (2) 

smoking, (3) food, and (4) food and smoking. The meal consisted of a 717 kcal 

standard meal composed of 2 Nutrigrain brand cereal bars, 1 1/2 cups of whole 

chocolate milk mixed with 1/2 cup of skim milk powder. The nutrient breakdown 

of the meal was 15.2°/o protein, 61.2°/o carbohydrate, and 22.7o/o fat. This meal 

was chosen as it is similar in composition to the recommended composition of a 

normal mixed diet (Williams, 1995). As well, it is similar in composition to meals 

used in previous studies (Audrain et al., 1991; Perkins et al., 1990; Robinson & 

York, 1988; Warwick et al., 1987). 

The smoking condition consisted of the consumption of two cigarettes 

immediately following the meal or, on the no meal days, directly before the 

metabolic assessment (Audrain et al., 1991; Walker et al, 1992; Warwick et al., 

1987). The type and timing of the cigarettes was standardized across subjects, 

and the subjects were instructed to smoke in a natural manner, while keeping the 

time between puffs to a minimum. 

The metabolic assessment was identical on all testing occasions. The 

subjects lay comfortably on a cushioned lab table (much like a bed), and were 

fitted with the ventilated hood. The subjects then underwent a baseline REE 

assessment in order to provide the baseline RMR measure, as well as to verify 

food and caffeine abstinence. The baseline REE measure continued until 
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subjects reached a steady state, defined as five consecutive minutes with VE, 

V02, and VC02 values within 5o/o of their previous values. This is standard 

criteria for the definition of a steady state of energy expenditure. Following the 

baseline REE measure, the subjects participated in one of the four treatment 

conditions, which lasted for a period of 30 minutes. Following the treatment, a 

noncontinuous metabolic assessment took place for 5 hours, with a 15 minute 

measurement, and 45 minute break each hour. It has been suggested that to 

adequately measure the metabolic response to a meal, measurement should be 

conducted for at least five hours following the meal (Reed & Hill, 1996). During 

the 5 hour post-treatment assessment of EE, the participants were required to sit 

quietly, read, watch tv, or study. On the smoking days, the participants smoked 

one cigarette per hour after the treatment in order to simulate the amount of 

cigarettes that would be smoked in the natural environment (Audrain et al., 

1991 ). 

This procedure was repeated on all testing days, until all the participants 

took part in all four treatment conditions. Following the days in which the no 

meal treatment intervention was being tested, the subjects were provided with a 

high carbohydrate snack prior to leaving the laboratory. After the fourth day of 

data collection, all subjects were debriefed. 
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2.3 Data Analysis 

This study employed a within subjects design. The independent variable 

was treatment which included: (1) control; (2) smoking; (3) food; and (4) food 

with smoking. The dependent variable, REE, was measured at six different time 

periods during each testing day: baseline, hour 1 post-treatment, hour 2 post

treatment, hour 3 post-treatment, hour 4 post-treatment, hour 5 post-treatment. 

There were three separate hypotheses for this study: 1) Cigarette smoking 

will cause an increase in the REE; 2) Food consumption will cause an increase in 

the REE; and 3) The combination of cigarette smoking and food consumption will 

cause a nonadditive increase in the REE. 

Descriptive statistics were used to examine the physical characteristics of 

age (yr), height (m), weight (kg), and body mass index [BMI] (kg/m2
) of the 

participants. The hypotheses were tested using a 4 (intervention) X 6 (time) 

analysis of variance (ANOVA) with repeated measures on both factors to 

determine the separate and combined effects of intervention and time on the 

REE. Follow-up analyses of variance were also conducted to examine the 

changes in REE within each of the treatment conditions, as well as to compare 

the changes in REE among the treatment interventions. 
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CHAPTER3 

Results 

3.1 Subjects 

The physical characteristics of the subjects are presented in Table 3.1. Of 

the original13 subjects who began the study, 9 (n=9) completed all 4 

interventions. The four participants who dropped out of the study cited quitting 

smoking (n=1 ), and losing interest (n=3), as the reasons for not completing the 

testing. Incomplete data was obtained for three of the participants who attended 

all four testing interventions. This incomplete data was due in part to machine 

error, which produced abnormal values inconsistent with normal human 

respiratory response. Complete data collection was also not possible for some 

subjects due to a failure to adhere to pre-test procedures. Therefore, statistical 

analysis was performed on 6 out of the 9 subjects. The mean age of the study 

participants was 16.78.:!: 0.67 yrs. The average height of participants was 1.65 m 

.:!: 0.06 m, while the average weight of participants was 65.89 kg .:!: 12.59 kg. The 

2 2 
mean BMI of participants was 24.16 kg/m .:!: 3.57 kg/m . 
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Table 3.1 Age, height, weight, and BMI (X ± SD) of study participants {n=9) 

Subject Age(yr) Height(m) Weight(kg) BMI(kg/m2
) 

1 16 1.60 54 21.1 

2 16 1.70 62 21.5 

3 17 1.70 89 30.8 

4 17 1.65 59 21.7 

5 16 1.70 83 28.7 

6 17 1.50 55 24.4 

7 18 1.64 59 21.9 

8 17 1.67 60 21.5 

9 17 1.67 72 25.8 

X 16.8 1.65 65.9 24.2 

so 0.67 0.06 12.6 3.57 
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3.2 Resting Energy Expenditure 

3.2.1 Reproducibility of the Baseline Measure 

An ANOVA of the baseline REE among treatment interventions was conducted to 

ensure that this measure was reliable from treatment day-to-treatment day (see 

Appendix A). The results of this analysis demonstrated that there was no 

significant change in the REE during the baseline measure for any of the 

interventions (0.86:!: 0.048 kcallmin no food/no smoking; 0.87:!: 0.062 kcallmin 

food/no smoking; 0.86:!: 0.038 kcal/min no food/smoking; 0.88:!: 0.040 kcal/min 

food/smoking) (F (3,20) = 0.913, p > 0.45). These results indicated that the 

participants who were included in the analyses followed the pre-test procedures 

by abstaining from food and caffeine for 10 hours before reporting to the lab. 

3.2.2 Differences in Energy Expenditure by Measurement Period 

Data analysis began by conducting a 4 (intervention) X 6 (time) ANOVA 

with repeated measures on both factors (see Appendix B). The repeated 

measures ANOVA was performed to determine both the separate and combined 

effects of intervention and time on resting energy expenditure. Figure 3.1 depicts 

the effects of intervention and time on the REE. A significant main effect for 

intervention indicated that there was a difference in REE between the 

intervention conditions (F (3, 15) = 40.218, p < 0.05). A significant main effect for 

time was also found, indicating that there was a difference in REE between the 

measurement periods (F (5, 25) = 152.9, p < 0.05). These main effects were 

moderated, however, by a significant interaction effect (F (15, 75) = 7.3, p < 
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0.05). The interaction indicated that each treatment intervention did not produce 

the same REE value for the measurement periods. 

3.2.3 Effects of Treatment on REE 

Follow up analyses of variance were conducted to determine how each of 

the treatment interventions affected energy expenditure. One way ANOVAs 

were conducted to determine the changes in energy expenditure that occurred 

during the no food/no smoking intervention (Appendix C), during the smoking 

intervention (Appendix D), during the food intervention (Appendix E), and during 

the food/smoking intervention (Appendix F). If significant differences in energy 

expenditure were found in any of the analyses, follow-up Bonferroni post-hoc 

tests were conducted to determine where these differences occurred. 

No Food, No Smoking Intervention.). The results of the ANOVA for the no 

food/no smoking condition indicated that there was no difference in the REE of 

participants for any of the measurement periods (0.86.:!: 0.048 kcal/min Baseline; 

0.87.:!: 0.048 kcal/min Hour 1; 0.88 .:!: 0.068 kcal/min Hour 2; 0.89 .:!: 0.108 

kcal/min Hour 3; 0.89 .:!: 0.088 kcal/min Hour 4; 0.87.:!: 0.116 kcal/min Hour 5) (F 

(5, 30) = 0.293, p > 0.90). These findings indicate minimal diurnal variation in 

REE for this control condition. 

Smoking Intervention. The results of the ANOVA for the smoking intervention 

demonstrated that there was a significant difference in the REE values of study 
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participants for this intervention (F (5, 30) = 14.990, p < 0.05). The Bonferroni 

post-hoc analysis indicated that the consumption of cigarettes significantly 

increased the REE above baseline (0.86 .:!: 0.038 kcal/min), and that it remained 

elevated for all post-treatment time periods (1.34.:!: 0.139 kcal/min Hour 1; 1.33 

.:!: 0.084 kcal/min Hour 2; 1.30.:!: 0.107 kcallmin Hour 3; 1.31.:!: 0.109 kcallmin 

Hour 4; 1.14 + 0.153 kcallmin Hour 5). When expressed as a percentage above 

the baseline REE value, the increases were as follows: 55.8 .:!: 16.2o/o for hour 1; 

54.7.:!: 9.8°/o for hour 2; 51.2.:!: 12.4o/o for hour 3; 52.3.:!: 12.7o/o for hour 4; and 

32.6,::!: 17.8 % for hour 5. These results support the hypothesis that cigarette 

smoking would increase the resting energy expenditure of subjects. 

Food Intervention. The results of the ANOVA for the food intervention indicated 

that there was a significant difference between the REE values in this 7.4 7 o/o, 

60.9.:!: 10.8 %, 4 7.1 .:!: 6.32 o/o, 43.7 .:!: 10.3 °/o, and 23.0 .:!: 13.3 o/o respectively. 

intervention (F (5, 30) = 39.096, p < 0.05). The Bonferroni post hoc test 

demonstrated that this difference existed as an increase in REE above baseline 

(0.87.:!: 0.062 kcal/min). The increase existed for all post-treatment time periods 

(1.36.:!: 0.065 kcal/min Hour 1; 1.40.:!: 0.094 kcal/min Hour 2; 1.28.:!: 0.055 

kcal/min Hour 3; 1.25 .:!: 0.090 kcal/min Hour 4; 1.07.:!: 0.116 kcal/min Hour 5), 

thus supporting the hypothesis that food consumption would increase the REE of 

study participants. Expressed as a percent increase these values were 56.3 

_:!:7.47o/o, 60.9.:!: 10.8o/o, 47.1.:!: 6.32°/o, 43.7.:!: 10.3°/o, and 23.0.:!: 13.3°/o 

respectively. 
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Figure 3.1 Resting energy expenditure during the treatment interventions of no 
food/no smoking, food, smoking, and food/smoking (n = 6). 
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Food and Smoking Intervention. The results of the AN OVA for the food and 

smoking intervention demonstrated that there was a significant difference among 

REE values during this intervention (F (5, 30) = 28.245, p < 0.05). The 

Bonferroni post hoc test indicated that this difference was expressed as an 

increase in REE above baseline (0.88 :!: 0.040 kcal/min). Once again, these 

values remained elevated for all of the post-treatment time periods ( 1.32 :!: 0.033 

kcal/min Hour 1; 1.32 :!: 0.063 kcal/min Hour 2; 1.28 :!: 0.128 kcal/min Hour 3; 

1.21 :!: 0.085 kcal/min Hour 4; 1.08:!: 0.147 kcal/min Hour 5). The percent 

values of these increases were 50 :!: 3. 75 o/o for hour 1, 50 :!: 7.16 °/o for hour 2, 

45.5 :!: 14.5 o/o for hour 3, 37.5 :!: 9.66 o/o for hour 4, and 22.7:!: 13.2 °/o for hour 5. 

3.2.3 Comparison of the Effects of Each Treatment Intervention on REE 

The final hypothesis for this study was that the combination of food and 

smoking would cause a nonadditive increase in the metabolic rate of study 

participants. To test this hypothesis, a one way ANOVA of the REE values for 

each treatment intervention was conducted (see Appendix G). This analysis 

allowed for the comparison of the magnitude of the changes in REE for the 

treatment interventions of 1) smoking, 2) food, and 3) smoking with food. The 

results of this procedure indicated that there were no significant differences in the 

responses of subjects to the treatment conditions at any time during the testing 

day (Hour 1: F(2, 15) = 0.067, p > 0.90; Hour 2:.F(2, 15) = 0.675, p > 0.50; Hour 

3: F(2, 15) = 0.063, p > 0.90; Hour 4: F(2, 15) = 2.351, p > 0.12; Hour 5: F(2, 15) 

= 0.222, p > 0.80). In other words, all treatment interventions (excluding the 
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control condition) resulted in an increase in the energy expenditure of the study 

participants, but no one intervention significantly increased the REE more than 

another. The final hypothesis that the combination of food and smoking would 

result in a nonadditive increase in resting energy expenditure was therefore 

supported. 
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Chapter4 

Discussion 

4.1 Changes in Energy Expenditure due to the Thermogenic Stimuli 

The results of the present study showed that the individual and combined 

effects of cigarette smoking and food consumption significantly increased (p < 

0.05) REE above pre-treatment, and the REE remained elevated across the five 

post-treatment time periods. For the no smoking/no food condition, REE did not 

increase from baseline and showed little change across the five post-treatment 

time periods, indicating minimal diurnal variation in REE for this control condition. 

No significant difference in REE existed among the conditions of smoking, food 

consumption, and food consumption/smoking at any time period. 

4.2 Changes in Energy Expenditure Associated with Food Consumption 

The results of the present study showed that the peak increase in energy 

expenditure above resting levels following the consumption of a meal was 60.9o/o, 

and remained increased over the subsequent 5 hour assessment of REE. These 

results support the findings of previous studies, which have found that the 

increases in energy expenditure following the consumption of a meal are due to 

the thermic effect of food (TEF) (Acheson et al., 1984; Danforth, 1985). The 
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TEF has been found to account for approximately 1 Oo/o of total daily energy 

expenditure, increasing the metabolic rate from 10-40% above baseline following 

the consumption of a meal (Danforth, 1985; Segal et al., 1987). 

The TEF is due, in large part, to the metabolic costs of processing the 

meal by way of the digestion, transport, absorption, and storage of the nutrients 

contained in the meal (Acheson et al., 1984). This process is termed obligatory 

thermogenesis, and is thought to account for approximately two-thirds of the total 

increase in energy expenditure following meal consumption (Acheson et al., 

1984 ). Obligatory thermogenesis appears to be influenced by parasympathetic 

stimulation, which modulates the rate at which nutrients are digested, absorbed 

and processed by the various tissues of the body (Acheson, 1993). The total 

cost of processing the meal is also influenced by the composition of the meal, as 

each nutrient has a unique thermic effect. The thermic effect of the nutrients has 

been measured as 0-3o/o for fat, 5-1 Oo/o for carbohydrates, and 20-30o/o for 

proteins (Tappy, 1996). 

Facultative thermogenesis exceeds the metabolic costs of processing the 

meal, accounting for the remaining one-third of the TEF (Acheson et al., 1984 ). It 

is thought that sympathetic nervous system activity is responsible for the 

occurrence of the facultative component of the TEF in humans (De Jonge, & 

Garrel, 1997; Tappy, 1996), perhaps due to insulin-mediated sympathetic 

nervous stimulation (Acheson, 1993). A variability in the sympathetic induced 

component of the thermic effect of food has been suggested to partly account for 

individual differences in TEF following meal consumption (Schwartz et al., 1987). 
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Previous studies which have examined the effects of cigarette smoking 

and food consumption on energy expenditure have reported TEF values ranging 

from 17.1o/o (Audrain et al., 1991) to 21.0°/o (Walker et al., 1992). The TEF in the 

present study was of a greater magnitude (60.9°/o) than those observed in the 

previous studies, however this discrepancy is not explained by the calorie 

content or nutrient breakdown of the meal in this study compared to the earlier 

studies. The total amount of calories consumed by participants in the food 

interventions of the present study was 717kcal, with 15.2% of the nutrients 

coming from protein, 61.2o/o from carbohydrates, and 22.7o/o from fat. The calorie 

loads of the previous studies ranged from approximately 400 kcal (Perkins et al., 

1990) to 874 kcal (Walker et al., 1992). The nutrient composition of the meals 

ranged from 10o/o (Perkins et al., 1990) to 26.9% (Walker et al., 1992) protein; 

43.2o/o (Audrain et al., 1991) to 67°/o (Perkins et al., 1990) carbohydrates; and 

13.6o/o (Walker et al., 1992) to 40.4o/o (Audrain et al., 1991) fat. Since the test 

meal in the present study contained a calorie load and nutrient breakdown that 

was within the range of those found in previous studies, neither an "out of the 

ordinary" calorie content or nutrient breakdown can account for the large TEF in 

this study. 

A possible explanation to partially account for the large TEF in this study 

may be the apprehension of consuming the meal for many of the participants. 

Although every attempt was made to obtain the most palatable meal for the 

subjects, many of the participants did not enjoy consuming the test meal, and 

found it difficult to eat within the 15 minute treatment time. A study which 
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examined the effects of psychological stress on the RMR and TEF found that the 

TEF was significantly increased by a stress-inducing treatment (Weststrate, Van 

der Kooy, Deurenberg, Hautvast; 1990). If the subjects in the present study were 

feeling apprehensive about consuming the meal, this apprehension may 

therefore have caused an increase in their thermic response to the meal. 

4.3 Changes in Energy Expenditure Associated with Cigarette Smoking 

Cigarette smoking caused a 55.8o/o peak increase in energy expenditure 

above baseline during the 5 hour metabolic assessment in the present study. An 

increase in energy expenditure following the inhalation of cigarettes has been 

supported in previous research. Cigarette smoking has been found to exert an 

acute effect on the metabolic rate (Dalloso & James, 1984; Perkins et al., 1989; 

Robinson & York, 1986; Stamford et al., 1986), increasing the energy 

expenditure up to 14o/o above baseline (Collins et al., 1994; Collins et al., 1996; 

Perkins et al., 1986; Walker et al., 1992). It has been shown that nicotine is the 

component of cigarette smoke that is responsible for the metabolic effects of 

smoking (Arcavi et al., 1994; Perkins et al., 1989). 

Previous studies similar to the present one, which have examined the 

effects of cigarette smoking and food consumption on the metabolic rate, have 

reported increases of 6.0o/o (Walker et al., 1992), 6.5°/o (Perkins et al., 1990), and 

7.5°/o (Audrain et al., 1991) due to cigarette smoking or nicotine intake. 

Compared to the above studies, the 55.8o/o increase in metabolic rate found in 

the present study is quite large. These differences cannot be attributed to 
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differences in smoking conditions or pre-test protocols, as the present study 

followed a similar protocol as the previous investigations (Audrain et al., 1991; 

Walker et al., 1992). The participants in the present study consumed two 

cigarettes in quick succession, similar to the protocol in two previous studies 

(Audrain et al., 1991 & Walker et al., 1992). Walker (1992) then simply 

measured energy expenditure for the next five hours, while Audrain (1991) had 

the subjects consume at least one more cigarette during each of the four hours of 

metabolic assessment that followed. The participants in the present study were 

also required to consume one cigarette during each hour of the 5 hours of post

treatment metabolic data collection. It is therefore difficult to explain the large 

increase in metabolic rate in the present study by a discrepant smoking 

intervention. 

An examination of the characteristics of the study population may help to 

provide some explanation for the large metabolic responses to cigarette smoking 

found in the present study. The population in this study was comprised of 

adolescent females aged 16 to 18 years old, a group that was not previously 

represented in the literature on the metabolic effects of smoking. It is reasonable 

to suggest that the metabolic responses of this group to the thermogenic stimulus 

of smoking may differ when compared to the responses of the previous study 

populations, which included male and female smokers aged 23 -24 years 

(Audrain et al., 1991; Perkins et al., 1990; Walker et al., 1992). Although there 

is a multitude of investigations pertaining to trends in adolescent smoking 

(Everett, Husten, Warren, Crossett, & Sharp, 1998; Cummings, Hyland, 
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Pechacek, Orlandi, & Lynn, 1997), reasons for adolescent smoking (Camp et al., 

1993; Crisp et al., 1998), and methods of preventing adolescent smoking 

{Edwards, 1995; Perez-Stable & Fuentes-Afflick, 1998), the present investigator 

has not been able to find any other study examining the metabolic response of 

adolescents to cigarette smoking. Due to the large metabolic effects found in this 

study, future studies examining the metabolic effects of cigarette smoking and 

other thermogenic stimuli in adolescents should be conducted in order to 

determine if there is a greater thermogenic response in this population. 

If adolescents do experience greater metabolic effects from cigarette 

smoking compared to adults, fewer cigarettes would be required in adolescents 

to cause a similar increase in metabolic rate as that found in adults. As 

previously mentioned, the smoking protocol in the present study was consistent 

with previous studies conducted on the adult population. Therefore, the amount 

of cigarettes smoked in the present study may have been more than was needed 

to cause an increase in metabolic rate similar to that found in previous studies. 

An examination of the literature on adolescent smoking rates would lend support 

to this hypothesis, as the classification of an habitual smoker in the adolescent 

population is someone who smokes at least once per day (Camp et al., 1993; 

Lloyd et al., 1997; Wills & Cleary, 1997). For adults, an habitual smoker is 

generally someone who smokes greater than or equal to 15 cigarettes per day 

(Robinson & York, 1988; Warwick et al., 1987), indicating a higher general rate 

of smoking in adults. Therefore, although the consumption of one cigarette per 

hour may simulate natural smoking conditions for an adult population (Audrain et 
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al., 1991 ), this may not be the case for adolescents. Many of the subjects in the 

present study indicated that they would typically "share a cigarette" or "have a 

puff' between classes, but not consume a cigarette in its entirety. Furthermore, 

after consuming the first two cigarettes in succession, many of the participants in 

the present study mentioned feeling "dizzy" and "nauseous" as a result of the 

smoking. 

When compared to adults, the adolescents in the present study can be 

classified as low-level smokers. It has been found that increases in energy 

expenditure following cigarette smoking are different according to the amount of 

cigarettes typically consumed by the smoker (Arcavi, Jacob, Hellerstein, & 

Benowitz, 1994). The low-level smokers (<10 cigs/day) in that study showed 

greater increases in the metabolic rate following cigarette smoking than the high

level smokers (>15 cigs/day). High-level smokers exhibited a 25°/o greater peak 

plasma nicotine level than low-level smokers following the administration of a 

nicotine dose or the consumption of two cigarettes in succession. However, 

although the high level smokers experienced greater plasma levels of nicotine, 

the increase in metabolic rate was either small or non-existent, while the in the 

low-level smokers, this increase in metabolic rate was substantial. The 

investigators suggested that a concentration-related, acute tolerance to the 

metabolic effects of nicotine occurred in the low-level smokers, while in the high 

level smokers, there was no effect. (Arcavi et al., 1994 ). The large metabolic 

response in the present study may have been due to such a concentration

related increase in energy expenditure. The adolescents may represent a group 
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of very low-level smokers, who experience the acute tolerance to the effects of 

nicotine at a level not previously seen in adult smokers. 

Another factor to partially account for the large metabolic effects of 

cigarette smoking in the present study may be the transition of the subjects from 

the testing area to the smoking area. Due to University regulations, the subjects 

were required to smoke outside, therefore it was necessary for them to travel 

across the room and up 3 stairs to go outside. Although this was not a large 

distance to travel, the movement immediately prior to the metabolic assessment 

may have resulted in a larger than normal increase in metabolic rate. It is 

important to note, however, that for the food intervention, the subjects did not 

have to make this journey, and the energy expenditure was again elevated above 

the values found in previous studies. Therefore, it is unlikely that the minimal 

movement required to go outside to smoke would result in the large increase in 

energy expenditure found in this study. 

4.4 Changes in REE Associated with Cigarette Smoking and Food Consumption 

The results of the present study showed a peak increase in REE of 

50o/o due to cigarette smoking and meal consumption. Previous studies have 

shown mixed results when examining the effects of cigarette smoking and food 

consumption on the metabolic rate. It has been shown that both cigarette 

smoking and food consumption alone cause an increase in the metabolic rate 

above a baseline value (Audrain et al., 1991; Perkins et al., 1990; Walker et al., 

1992). However, the effects of the combination of these two thermogenic stimuli 
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cause discrepancies in the literature. Some studies have found that cigarette 

smoking following a meal causes an additive increase in the metabolic rate of 

smokers (Robinson & York, 1986; 1988), while others have found a decrease in 

the RMR of smokers after meal consumption (Warwick et al., 1987). The 

majority of studies in this area have shown that there is an increase in metabolic 

rate due to the combination of smoking and eating, but this increase is less than 

additive (Audrain et al., 1991; Perkins et al., 1990; Walker et al., 1992). The 

results of the present investigation support the finding that the combination of 

cigarette smoking and food consumption cause a nonadditive increase in the 

metabolic rate. Participants in the present study experienced a 50% increase in 

REE after eating a meal and consuming two cigarettes in succession. This 

increase was mathematically less than the addition of the increase in energy 

expenditure due to cigarette smoking alone (55.8o/o) and food consumption alone 

(60.9°/o), therefore it is non-additive. 

The 50o/o increase in metabolic rate found in the present study was greater 

than the increase in metabolic rate that was found in earlier studies (Audrain et 

al., 1991; Perkins et al., 1990; Walker et al., 1992), which have found the 

increases in RMR due to food and smoking to be 21.4% (Perkins et al., 1990), 

22.1 o/o (Walker et al., 1992), and 24.1 o/o (Audrain et al., 1991 ). The large 

increase in the metabolic rate due to cigarette smoking and food consumption in 

the present study may be explained by the large increase in metabolic rate 

observed following the individual smoking and eating interventions. The factors 

which caused large increases in the metabolic rate due to smoking alone and 
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eating alone in the study participants may have acted together to cause a similar 

large increase in metabolic rate when presented in combination. 

4.5 Examination of the Time Course of the Metabolic Responses 

Figure's 4.1, 4.2, & 4.3 depict the change in energy expenditure due to the 

combination of food/smoking, food, and smoking respectively in the present 

study compared to two previous studies (Audrain et al., 1991; Walker et al., 

1992). Although the values for the metabolic responses to the thermogenic 

stimuli found in this study are higher than in previous studies, these graphs show 

that the pattern of response to the stimuli is similar. 

For the combined food and smoking intervention in previous studies, the peak in 

REE occurred at one hour post-treatment, and then steadily declined with each 

of the post-treatment hours to follow (Audrain et al., 1991; Perkins et ar., 1990; 

Walker et al., 1992). A similar pattern of response was also observed in the 

present study. One exception was a study in which the REE fell to a low point at 

hour 2 post-treatment, and then rose and resumed its steady decline for the 

remainder of the assessment (Audrain et al., 1991 ). The investigators in this 

study did not directly offer an explanation for this decrease in metabolic rate. 

However, individual variability in the metabolic responses to the stimuli (both 

alone and in combination) was discussed, thereby possibly explaining the drop in 

REE at hour 2 post-treatment in this study. 

In all of the studies including the present one (Audrain et al., 1991; Perkins 

et al., 1990; Walker et al., 1992), the metabolic response to the food intervention 
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Figure 4.1 Comparison of the percent change in resting energy expenditure 
following the consumption of food and cigarette smoking in three 
studies. 
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Figure 4.2 Comparison of the percent change in resting energy expenditure 
following the consumption of food in 3 studies. 
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followed a similar pattern as the combination of food and smoking. For the food 

intervention, there was an increase in EE immediately following the meal, with a 

peak in EE at hour 1 (Audrain et al., 1991; Perkins et al., 1990) or hour 2 post

treatment (Walker et al., 1992). (In the present study, this peak occurred at hour 

2). Following the peak, the REE followed a decline similar to that in the food and 

smoking intervention (Audrain et al., 1991; Perkins et al., 1990; Walker et al., 

1992). 

For all of the studies including the present one, the REE again showed an 

immediate increase following cigarette consumption (Audrain et al., 1991; 

Perkins et al., 1990; Walker et al., 1992). Following this increase, which 

generally showed a peak by the 2"d hour post-treatment, the REE was 

maintained at this level or slightly below, from hour-to-hour during the remaining 

metabolic assessment (Perkins et al., 1990; Walker et al., 1992). The results of 

the Audrain (1991) study varied from the above, in that the REE rose again in the 

4th hour post-treatment. Since data in this study was not collected after the 4th 

hour, it is difficult to predict if the REE would have remained elevated or 

decreased again in the next hour. 

4.6 Subject Variability in the Metabolic Response 

The individual metabolic responses to the interventions of food, smoking, 

and food/smoking can be found in Appendix H. Aside from the greater 

magnitude of the metabolic responses to the thermogenic stimuli of food and 

smoking in this study, when averaged over a 5 hour period, the responses of the 
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participants in the present study followed the same time course of participants in 

previous studies. However, when examining these responses on a case-by-case 

basis, it is apparent that there is a large degree of individual variability in the 

responses to these stimuli. This degree of individual variability in response to the 

thermogenic stimuli of smoking and eating is also apparent in the adult 

population (Audrain et al., 1991; Hofstetter et al., 1986; Tataranni, Larson, 

Snitker, & Ravussin, 1995). 

The responses to the smoking condition proved to be the most variable, 

with three subjects showing the peak in REE at hour 1 , three subjects showing 

the peak at hour 2, and the remaining three subjects showing the peak in REE at 

hours 3, 4, and 5. The metabolic responses to smoking ranged from the highest 

individual peak reaching an 84°/o increase in REE and the least affected subject 

peaking at a 48.9o/o increase in REE above baseline. By the end of the 5 hour 

assessment, the REE had dropped to its lowest value of 13.6°/o in one subject, 

17 .6°/o for two subjects, and still remained above 20o/o in three subjects. 

A variable thermic effect of smoking has also been observed in studies 

with the adult population. It has been suggested that this variability may be due 

to problems with the testing procedure itself, where subjects are not required to 

fast or abstain from smoking before reporting to the lab, or subjects are not 

adequately familiarized with the testing procedures (Hofstetter et al., 1986; 

Golding & Mangan, 1982). Other sources of variability suggested in the literature 

include a failure to control for the effects of the menstrual cycle (Audrain et al., 

1991 ), differences in the body composition of the subjects (Walker et al., 1992), 
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differences in the nicotine yield of cigarettes (Collins et al., 1996), and differences 

in the smoking history of the subjects (Arcavi et al., 1994 ). 

In the present study, subjects were required to fast for 10 hours before 

reporting to the lab, as well as abstain from cigarette smoking for 2 hours. All 

subjects were brought to the lab prior to testing to familiarize them with the lab 

and the procedures in the study. All subjects were tested at the same point in 

their menstrual cycle, and all had a BMIIess than 30 kg/m2
. Finally, all subjects 

were required to smoke an equal amount of the same brand of cigarettes. The 

above restrictions in the present study were established in order to limit the 

variability in metabolic rate that was found to occur in previous studies in 

response to cigarette smoking. However, a large variability in the response to 

smoking was still observed in the present study. This large intra-individual 

response to cigarette smoking could have been due to a variability in the number 

of cigarettes typically consumed by the study participants, or by their smoking 

history. Although all study participants were low-level smokers, some may 

smoke, on average, more than others. Some of the subjects were not permitted 

to smoke at home, therefore they could not smoke as much as those subjects 

who were permitted smoke at will. Those who typically smoked more cigarettes 

may have experienced a metabolic tolerance to the smoking stimulus quicker 

than those who smoked less. This hypothesis seems plausible when examining 

the results of the study by Arcavi ( 1994 ), in which higher level smokers rapidly 

developed a tolerance to the metabolic effects of cigarette smoking. It is 

important to note, however, that this study did not differentiate among the 
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smokers in each group (i.e. high- or low-level smokers) by the amount of 

cigarettes typically consumed. Instead, if a person smoked <1 0 cigs/day, he was 

placed in the low-level group, whereas if he smoked >15cigs/day, he was placed 

in the high-level group. It is possible that within these groups of high-level and 

low-level smokers, subgroups of extremely low-level or extremely high-level 

smokers exist, and that the individuals in these subgroups experience different 

metabolic responses to smoking. If this is the case, the large variability of 

metabolic responses to smoking found in the present study could be explained 

by a different amount of cigarettes typically smoked by the participants. 

The response to the food intervention in the present study gave the most 

consistent results from subject-to-subject, with four individuals peaking in hour 1, 

and the remaining five showing the peak in hour 2. These peak values ranged 

from a 38.8°/o to an 89.0°/o increase in REE above baseline. For all of the 

subjects the lowest REE value was recorded in the fifth hour post-treatment, 

ranging from 3.75o/o to 35.4o/o above baseline. Although this range of values for 

changes in energy expenditure due to meal consumption was large, it is said to 

be the intervention with the least variable responses due to the similar pattern of 

responses displayed by all subjects. This pattern is consistent with a previous 

study, in which it was concluded that the measurement of the TEF should be 

conducted over at least a 5 hour period. During this period, 60°/o of the TEF 

would be measured after hour 3, 78o/o after hour 4, and 91 o/o after hour 5 (Reed & 

Hill, 1996). In the present study, all of the subjects were returning to baseline at 

the end of the final metabolic assessment, with one subject experiencing only a 
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3. 75°/o increase in REE above baseline at this point, indicating that most of the 

TEF had been measured by that time. 

Although the pattern of responses to the food intervention was consistent 

from subject-to-subject, the range of metabolic response between subjects was 

large as the subjects experienced from a 38.8o/o to an 89.0°/o increase in REE. 

Previous studies have also found a high degree of individual variability in the TEF 

(Danforth, 1985; Segal et al., 1987; Westrate, 1993), and many mechanisms 

have been suggested to account for this variability. Some of these mechanisms 

include the physical activity and fitness levels of the subjects (Burke, Bullough, & 

Melby, 1993; Tataranni et al., 1995; Visser, Deurenberg, van Staveren, & 

Hautvast, 1995), the body composition of the subjects (Tataranni et al., 1995; 

Visser et al., 1995), the age of the subjects (Visser et al., 1995), the nervous 

system activity of the subjects (De Jonge & Garrel, 1997), and the degree of 

insulin resistance in the subjects (Tappy, 1996; Tataranni et al., 1995). Some of 

this variability may also be due to certain characteristics of the meal itself, such 

as its size, composition, and palatability. In the present study, the meal was 

standardized across all subjects, in order to rule out any variability in response to 

the meal itself. As well, subject selection was restricted according to BMI to 

reduce the variance in TEF due to body composition, and all subjects were 

between 16-18 years, thus eliminating the variance in TEF due to age. Neither 

the insulin resistance or the nervous system activity of the subjects were 

assessed in the present study, however it is possible that the nervous system 

activity of some of the subjects was enhanced. The possibility of the subjects 
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feeling apprehensive about consuming the test meal was discussed earlier. All 

subjects may not have felt this apprehension, and some may have felt it to a 

larger degree than others. This was apparent when observing the participants 

consume the meal, as it did not present a problem for some participants, while 

others had varying degrees of difficulty in consuming the meal. If the TEF can be 

significantly increased by a stress-inducing treatment (Westrate et al., 1990), it is 

possible that the amount of stress felt as a result of the treatment may influence 

the magnitude of the increase in the TEF. Although this possibility has not been 

explored in other studies, if it were found to be the case, it could explain the large 

range of increases in energy expenditure due to meal consumption found in the 

present study. 

The combination of smoking and food consumption resulted in a metabolic 

response in the study participants that was less variable than the response to 

smoking alone, but more variable than the response to food alone. For this 

intervention, six of the subjects showed a peak in REE at hour 1, with the 

remaining three peaking at hours 2, 3, and 4. The range in peak metabolic 

responses was 41.5°/o to 75% above baseline. All but two subjects had 

decreased to a low REE in the final hour of assessment, with those two subjects 

demonstrating a low at hour 4. The range in decline in REE was from 39.8o/o 

above, to -11.1 o/o below baseline. 

Previous studies have examined the possibility of cigarette smoking 

potentiating the thermic effect of food (Audrain et al., 1991; Robinson & York, 

1986; 1988; Perkins et al., 1990; Walker et al., 1992; Warwick et al., 1987). In 
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these studies, variable responses to cigarette smoking and food consumption 

were observed, with some studies reporting an additive increase in metabolic 

rate (Robinson & York, 1986; 1988), some reporting a decrease in metabolic 

rate (Warwick et al., 1987), and others reporting a nonadditive increase in 

metabolic rate (Audrain et al., 1991; Perkins et al., 1990; Walker et al., 1992). 

This possibility was also explored in the present study, and it was concluded that 

smoking did not potentiate the thermic effect of a meal. It can be concluded, 

however that cigarette smoking did exert an effect on the TEF, as was evidenced 

in the response of the subjects to the combined intervention of food and smoking. 

While the individuals in this study did not vary in their pattern of response to the 

meal alone, the response to the meal was more variable when it was followed by 

the inhalation of cigarettes. When food was consumed alone, the peak increase 

in REE occurred at either hour 1 or hour 2 in all of the subjects. When food was 

followed with cigarette smoking, this peak in energy expenditure occurred at 

hours 1, 2, 3, or 4. This response was similar to the variability in response to the 

smoking intervention, where the peak metabolic response of subjects was found 

in each of the hours (1 to 5) of the measurement. 

A similar response was found in a previous study, where compared to the 

food alone intervention, the combination of food and smoking resulted in a later 

peak metabolic response in some of the subjects (Audrain et al., 1991 ). These 

investigators suggested that although cigarette smoking did not cause an 

increase in the intensity of the TEF, it may cause an increase in the duration of 

the TEF. The duration of the TEF may have been increased in the present study, 
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as some of the participants experienced their peak metabolic response to food 

and smoking at a later measurement period than they did in the food alone 

intervention. 

4. 7 Implications of the Results 

The results of the present study are valuable when examining the reasons 

for cigarette smoking among adolescent females. It has been established that 

many of these individuals perceive smoking as a weight control method 

(Charlton, 1984; Gritz et al., 1989), and a link between smoking and body 

weight/shape concerns, has recently been demonstrated in Canadian adolescent 

females (Crisp et al., 1998). In general, women express more concern about 

their body weight than men, which may be due to social pressures to conform to 

the "ideal" slim physique that is accepted as the norm for attractiveness in the 

Western Society (Rozin & Fallon, 1988). In adolescence, this concern is 

particularly important, and in a survey of 1000 adolescents, it was found that 36o/o 

of girls were concerned about being overweight compared to 14°/o of boys 

(Feldman, Hodgson, & Corber, 1985). 

The results of the present study indicate that adolescent females 

experience large metabolic responses to cigarette smoking. If this large 

metabolic response occurs on a consistent basis, it is likely that weight loss 

would occur following smoking initiation. If this was the case, a fear of post

cessation weight gain may be a large deterrent to quitting for these individuals. It 

has been found that although some women may not begin smoking for its weight 
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control properties per se, a fear of weight gain was mentioned as the barrier to 

quitting smoking in these women (Matacin, Bock, Traficante, et al., 1995). In a 

recent study by Health Canada (1998b), women also mentioned the fear of 

weight gain as a serious deterrent to quit, and of the women who were 

successful in quitting, some spoke of being unaware of using smoking as a 

weight control method until after they had quit. 

It is also possible that the young women in the present study were using 

cigarettes as a substitute for food, which could augment any weight loss that 

might occur due to cigarette smoking. A recent study has indicated that many 

women do use smoking as a substitute for food (Health Canada, 1998a). 

Participants in that study used smoking to control their eating, particularly if they 

were trying to project a positive image to others. One participant spoke of 

smoking as being "a pleasure thing that doesn't cost in pounds" (Health Canada, 

1998b ). For this subject and others in the study, smoking was used as a 

replacement for the consumption of "bad" foods. Since many of the participants 

in the present study did not eat until 3 or 4 p.m. in the evening following a full day 

of school, it is possible that these subjects took smoke breaks between classes 

instead of eating. This possibility was also discussed in another Health Canada 

study (1998a), where one subject described using cigarette smoking to "take her 

mind off"' eating. Other subjects described smoking and food as being 

interchangeable, and described purchasing cigarettes in lieu of food when they 

were hungry (Health Canada, 1998a). For the adolescents in the present study, 

it may have been necessary to make the choice between smoking and eating, as 
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many of them were required to obtain a job in order to pay for their habit of 

cigarette smoking. 

Aside from the financial cost of smoking to the individuals in the present 

study, there is a significant health cost of smoking to these individuals health, 

and a large cost due to smoking in the Canadian society. In 1991, cigarette 

smoking was attributable to $2.5 billion in excess health care costs, and was the 

number one cause of preventable death and disease in Canada (Kaiserman, 

1997). In the same year, approximately 41 ,408 of all deaths in Canada were 

attributable to smoking, with female smoking-related deaths rising faster than 

those of their male counterparts (Health Canada, 1996). It has also been found 

that there is an upward trend in smoking among Canadian adolescents (Health 

Canada, 1994 ), and this rise comes despite the knowledge by these individuals 

that cigarettes are addictive, and that cigarette smoking can cause a multitude of 

health hazards (Stephens & Morin, 1996). Some adolescents, however, 

continue to hold beliefs that there are beneficial effects of smoking. It was found 

that just under half of youth over the age of 12 feel that smoking helps people to 

relax, while approximately one-quarter of those youths also believe that smoking 

helps to control weight and relieve boredom (Stephens & Morin, 1996). Due to 

the overwhelming evidence for the negative effects of smoking, it is disturbing to 

note that many young people can continue to identify positive aspects of 

cigarette smoking. 

Further study must be conducted in the area of smoking and prevention of 

smoking in the adolescent population. For adolescent females, future studies 
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must examine the metabolic effects of smoking, and the consequences of the 

removal of these effects on body weight upon smoking cessation. Further 

studies examining the effects of other thermogenic stimuli, such as physical 

activity, could be used to offer an alternative to smoking as a weight control 

method for these individuals. Such information could aid in determining viable 

prevention and cessation strategies for this population. 

4.8 Discussion Summary 

Two thermogenic stimuli, cigarette smoking and food consumption, 

caused an increase in the metabolic rate of the adolescent females in the present 

study. Although this change in metabolic rate was of a greater magnitude than in 

previous studies, it followed a similar time course as in those studies. A possible 

explanation for this large metabolic response could be that the population in the 

present study experienced unique metabolic responses when compared to the 

populations in the previous studies. The adolescent population could experience 

heightened stimulation due to the intake of thermogenic stimuli, although it is 

difficult to confirm this finding, as no previous studies examining the metabolic 

effects of such stimuli on this population have been conducted. 

There was a large variability in the metabolic responses of the subjects to 

the stimuli, however this is consistent with the responses of adults in previous 

studies. The stimulus which caused the most variability was cigarette smoking, 

while the consumption of food caused the least variation between individuals. 

The combination of cigarette smoking and food consumption caused less 
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variation than the metabolic response to smoking alone, but more variation than 

the response to eating alone. It was suggested that cigarette smoking exerted 

an influence on the metabolic cost of processing a meal by increasing the 

duration of this metabolic process. 
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CHAPTERS 

Summary, Conclusions, and Recommendations 

5.1 Summary 

The objective of this study was to determine the metabolic effects of 

cigarette smoking and meal consumption, alone and in combination, on the 

metabolic rate of adolescent females. Nine subjects were involved in the study, 

all were residents of Saskatoon and attended the same high school. All 

participants took part in each of the treatment interventions of: 1) no food/no 

smoking, 2) cigarette smoking, 3) food consumption, and 4) the combination of 

food/smoking. 

Participants reported to the lab on four separate occasions at the same 

point in their menstrual cycle, therefore each testing day was separated by one 

month for each of the subjects. On the first day of testing the height, weight, and 

body mass index of the subjects was reported. 

On each testing occasion, the energy expenditure of the subjects was 

determined with a VMAX 29 Series metabolic cart, by Sensormedics (Yorba 

Linda, CA). A dilution test was performed by open-circuit, indirect calorimetry 

using a ventilated hood system. This test was performed on 5 separate 

occasions during the testing day: at 10:00a.m. (baseline); 11:00 a.m. (hour 1 
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post-treatment); 12:00 p.m. (hour 2 post-treatment); 1 :00 p.m. (hour 3 post

treatment); 2:00 p.m. (hour 4 post-treatment); and 3:00 p.m. (hour 5 post

treatment). 

Data was analyzed using a 4 (intervention) X 6 (time) AN OVA with 

repeated measures. This analysis revealed intervention effects and time effects 

on the REE of study participants, as well as an interaction effect between 

intervention and time. Further ANOVAs were then conducted to determine: 1) 

which of the interventions caused the changes in energy expenditure; and 2) the 

differences in the magnitude of the metabolic response to each intervention. 

These analyses revealed: 1 ) that the interventions of smoking, food, and 

food/smoking caused an increase in energy expenditure of the subjects, while 

the control intervention of no food/no smoking did not cause a change in the 

energy expenditure; and 2) that there was no significant difference in the 

magnitude of the increase in energy expenditure due to the treatment 

interventions of smoking, food, and food/smoking. 

The metabolic responses to food and smoking (alone and in combination) 

of the adolescent females in this study were larger than the responses of adults 

to the same stimuli found in previous studies. However, the pattern of these 

responses were similar to those in previous studies, therefore it was suggested 

that adolescent females may have a heightened metabolic response to food and 

smoking. 

A further finding of this study was that the inhalation of cigarettes following 

meal consumption did not cause an additive increase in the thermic response to 
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these stimuli in adolescent females. However, this combination of thermogenic 

stimulation increased the duration of the thermic response to the meal in some of 

the study participants. 

5.2 Conclusions 

1. The consumption of a meal caused an increase in the energy 

expenditure of adolescent females. 

2. The inhalation of cigarettes caused an increase in the energy 

expenditure of adolescent females. 

3. The inhalation of cigarettes following the consumption of a meal 

caused an increase in the energy expenditure of adolescent females. 

4. There is no difference in the magnitude of the increase in energy 

expenditure due to the consumption of a meal, the inhalation of cigarettes, or the 

inhalation of cigarettes following the consumption of a meal in adolescent 

females. 

5. The metabolic response of adolescent females to food consumption 

and cigarette smoking may be heightened when compared to the metabolic 

response of adults to these stimuli. 

6. The inhalation of cigarettes following the consumption of a meal may 

increase the duration of the thermic response to the meal in some adolescent 

females. 
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5.3 Recommendations 

1. Future studies on adolescent females must be conducted in order to 

determine if this group experiences a heightened metabolic response to other 

thermogenic stimuli, such as physical activity. This information could be used to 

aid in the development of effective weight control/management programs for this 

population, by providing them with alternatives to increase their metabolic rate 

and thereby control their body weight. 

2. Many studies have established that weight control is a reason for 

cigarette smoking among adolescent females. Further research must be 

conducted to examine the effects of smoking cessation on the body weights of 

these individuals. This information could aid in the development of specific 

smoking cessation programs for adolescent females. These programs could be 

designed to minimize the weight gain that may occur upon smoking cessation. 

3. Further research must examine the effects of different levels of habitual 

smoking on the metabolic rate in adolescent females. This information could 

help to determine which individuals may be at higher risk for weight gain upon 

smoking cessation. 

4. Further research on male adolescents, as well as male and female 

adolescents from different ethnic groups, must be conducted to determine if 

these individuals experience similar increases in metabolic rate due to cigarette 

smoking and food consumption as was found in the present study on adolescent 

females. 
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APPENDIX A 

AN OVA of the Baseline REE Measures for the Treatment Interventions of No 

Food/No Smoking, Smoking, Food, and Food/Smoking 
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One way 

AN OVA 

BASEREE 

Sum of Mean 
Squares df Square F Sig. 

Between Groups 6.833E-03 3 2.278E-03 .913 .452 
Within Groups 4.990E-02 20 2.495E-03 
Total 5 673E-02 23 
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APPENDIX B 

4 (Intervention) X 6 (Time) ANOVA with Repeated Measures 
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General Linear Model 

General Linear MadeJ 

Within-subjects Factors 

Measure: MEASURE_1 

INTERVEN TIME 
Dependent 

Variable 
1 1 T01 

2 T11 
3 T21 
4 T31 
5 T41 
6 T51 

2 1 T02 
2 T12 
3 T22 
4 T32 
5 T42 
6 T52 

3 1 T03 
2 T13 
3 T23 
4 T33 
5 T43 
6 T53 

4 1 T04 
2 T14 
3 T24 
4 T34 
5 T44 
6 T54 

Multivariate Tests'= 

F 
Hypothesis 

Effect Value df 
INTERVEN Pillal's Trace . 976 40.1981 3.000 

Wilks' Lambda .024 40.1981 3.000 
Hotelling's Trace 40.198 40.1981 3.000 
Rev's Largest Root 40.198 40.1981 3.000 

TIME Pilla1's Trace .999 2823391 5.000 
Wilks' Lambda .001 282.3398 5.000 
Hotelling's Trace 1411.697 282.3398 5.000 
Rev's Larg_est Root 1411.697 282.3391 5.000 

INTERVEN • TIME Pillai's Trace b 

Wilks' Lambda b 

Hotelling's Trace b 

Rev's Lamest Root b 

a. Exact statistic 

Error df 
3.000 
3.000 
3.000 
3.000 
1.000 
1.000 
1.000 
1.000 

b. Cannot produce multivariate test statistics because of insufficient residual degrees of freedom. 

c. 
Design: Intercept 
Within Subjects Design: INTERVEN+ TIME+INTERVEN*TIME 
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Sig . 
.006 
.006 
.006 
.006 
.045 
.045 
.045 
.045 



Tests of Within-Subjects Effects 

Measure: MEASURE_1 

Type Ill 
Sum of Mean 

Source Squares df Sauare F Slg. 
INTERVEN Sphenc1ty Assumed 3.131 3 1.044 40.218 .000 

Greenhouse-Geisser 3.131 1.540 2.034 40.218 .000 
Huynh-Feldt 3.131 2.091 1.497 40.218 .000 
Lower-bound 3.131 1.000 3.131 40.218 .001 

Error( INTERVEN) Sphericity Assumed .389 15 2.595E-02 
Greenhouse-Geisser .389 7.698 5.057E-02 
Huynh-Feldt .389 10.457 3.723E-02 
Lower-bound .389 5.000 7.786E-02 

TIME Sphericity Assumed 2.211 5 .442 152.893 .000 
Greenhouse-Geisser 2.211 2.104 1.051 152.893 .000 
Huynh-Feldt 2.211 3.669 .603 152.893 .000 
Lower-bound 2.211 1.000 2.211 152.893 .000 

Error(TIME) Sphericity Assumed 7.230E-02 25 2.892E-03 
Greenhouse-Geisser 7.230E-02 10.520 6.873E-03 
Huynh-Feldt 7.230E-02 18.343 3.942E-03 
Lower -bound 7.230E-02 5.000 1.446E-02 

INTERVEN • TIME Sphericity Assumed .707 15 4.711E-02 7.322 .000 
Greenhouse-Ge1sser .707 3.466 .204 7.322 .002 
Huynh-Feldt .707 12.257 5.765E-02 7.322 .000 
Lower-bound .707 1.000 .707 7.322 .042 

Error( INTERVEWTIME) Sphencity Assumed .483 75 6.434E-03 
Greenhouse-Geisser .483 17.332 2.784E-02 
Huynh-Feldt .483 61.287 7.873E-03 
Lower-bound 483 5.000 q fi5nr=.m 
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Mauchly's Test of Sphericltf 

Measure: MEASURE_1 

Within Subjects Effect 
Mauchly's Approx. 

df Sig. w Chi-Square 
INTERVEN .204 5.926 5 .328 
TIME .004 17.402 14 .367 
INTERVEN *TIME 000 119 

Tests the null hypothesis that the error covanance matnx of the orthonormal !Zed transformed dependent variables is proportic 
an identity matrix. 

Mauchly's Test of Sphericitf 

Measure: MEASURE_1 

ERSilo~ 
Within Subiects Effect Greenhouse-Geisser Huynh-Feldt Lower-bound 
INTERVEN .513 .697 .333 
TIME .421 .734 .200 
INTERVEN * TIME 231 817 6_667E-02 

Tests the null hypothesis that the error covanance matnx of the orthonormaiiZed transformed dependent variables is proportic 
an Identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in th< 
Tests of Within-Subjects Effects table. 

b. 
Design: Intercept 
Within Subjects Des1gn: INTERVEN+ TIME+INTERVEN*TIME 
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Tests of· Within-Subjects Contrasts 

Measure: MEASURE_1 

Type Ill 
' Sum of Mean 

Source INTERVEN TIME Squares df Sauare F Sla. I 

JNTERVEN Unear 1.739 1 1.739 112.300 .000 
Quadratic 1.174 1 1.174 39.045 .002 I 
Cubic .219 1 .219 6.780 .048! 

Error(INTERVEN) Unear 7.741E-02 5 1.548E-02 
Quadratic .150 5 3.006E-02 
Cubic .162 5 3.232E-02 

TIME Unear .209 1 .209 66.381 .000 I 

Quadratic 1.583 1 1.583 286.021 .000 
Cubic .311 1 .311 192.100 .000 
Order4 .104 1 .104 46.843 .001 
Order 5 3.652E-03 1 3.652E-03 1.885 .228 

Error( TIME) Unear 1.575E-02 5 3.149E-03 
Quadratic 2.768E-02 5 5.536E-03 
Cubic 8.089E-03 5 1.618E-03 
Order4 1.110E-02 5 2.220E-03 
Order 5 9.687E-03 5 1.937E-03 

lNTERVEN *TIME Unear Unear 1.243E-02 1 1.243E-02 1.764 .241 
Quadratic .223 1 .223 44.875 .001 
Cubic 9.593E-02 1 9.593E-02 37.425 .002 
Order 4 1.043E-02 1 1.043E-02 1.824 .235 
Order 5 2.340E-04 1 2.340E-04 .227 .654 

QuadratiC Unear 3.018E-02 1 3.018E-02 9.012 .030 
Quadratic .184 1 .184 15.095 .012 
Cubic 4.169E-02 1 4.169E-02 18.085 .008 
Order 4 4.055E-02 1 4.055E-02 7.683 .039 
Order 5 7.290E-03 1 7.290E-03 5.026 .075 

Cubic Unear 2.765E-02 1 2.765E-02 1.721 .247 
Quadratic 1.718E-02 1 1.718E-02 2.319 .188 
Cubic 4.039E-03 1 4.039E-03 .262 .630 
Order 4 9.806E-03 1 9.806E-03 1.515 .273 
Order 5 2.872E-03 1 2.872E-03 .542 .495 

Error( INTERVEN*TIME) Unear Unear 3.524E-02 5 7.047E-03 
Quadratic 2.481E-02 5 4.963E-03 
Cubic 1.282E-02 5 2.563E-03 
Order 4 2.859E-02 5 5.717E-03 
Order 5 5.145E-03 5 1.029E-03 

QuadratiC Linear 1.674E-02 5 3.348E-03 
Quadratic 6.082E-02 5 1.216E-02 
Cubic 1.153E-02 5 2.305E-03 
Order 4 2.639E-02 5 5.278E-03 
Order 5 7.253E-03 5 1.451E-03 

Cub1c Unear 8.033E-02 5 1.607E-02 
Quadratic 3.704E-02 5 7.408E-03 
Cubic 7.696E-02 5 1.539E-02 
Order 4 3.235E-02 5 6.471E-03 
Order 5 2 651E-02 c; ~ 1n?F=.m~ 
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Tests of Between-Subjects Effects 

Measure: MEASURE_1 
Transformed Variable: Average 

Source 
Intercept 
Error 

Type Ill 
Sum of 
S uares 

182.205 
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Mean 
df S uare F 

1 182.205 12223.510 
Si. 

.000 



APPENDIX C 

ANOVA of the REE in the No Food/ No Smoking Intervention 
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Oneway 

ANOVA 

ENERGYEX 

Sum of Mean 
Squares df Square F Sig. 

Between Groups 1.271E-02 5 2.543E-03 .293 .913 
Within Groups .260 30 8.679E-03 
Total .273 35 
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APPENDIX D 

ANOVA of the REE in the Smoking Intervention 
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One way 

AN OVA 

ENERGYEX 

Sum of Mean 
Squares df Square 

Between Groups 1.063 5 .213 
Within Groups .425 30 1.418E-02 
Total 1488 35 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable: ENERGYEX 
Bonferroni 

Mean 
Difference 

(I) SMOKING (J)SMOKING (1-J) 
1.00 2.00 -.4867• 

3.00 -.4783. 
4.00 -.4417• 
5.00 -.4483. 
6.00 -.3o5o· 

2.00 1.00 .4867• 
3.00 8.333E-03 
4.00 4.500E-02 
5.00 3.833E-02 
6.00 .1817 

3.00 1.00 .4783• 
2.00 ~.3333E-03 
4.00 3.667E-02 
5.00 3.000E-02 
6.00 .1733 

4.00 1.00 .4417. 
2.00 ~.SOOOE-02 
3.00 ~.6667E-02 
5.00 ~.6667E-03 
6.00 .1367 

5.00 1.00 .4483• 
2.00 3.8333E-02 
3.00 3.0000E-02 
4.00 6.667E-03 
6.00 .1433 

6.00 1.00 .3oso· 
2.00 -.1817 
3.00 -.1733 
4.00 -.1367 
5.00 -1433 

Std. Error 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
.069 
089 

•. The mean difference ts stgntftcant at the . 05 level. 
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F Slg. 
14.990 .000 

95% Confidence Interval 
Lower Upper 

Sig. Bound Bound 
.000 -.7059 -.2674 
.000 -.6976 -.2591 
.000 -.6609 -.2224 
.000 -.6676 -.2291 
.002 -.5242 ba5759E-02 
.000 .2674 .7059 

1.000 -.2109 .2276 
1.000 -.1742 .2642 
1.000 -.1809 .2576 
.194 .. 3. 7575E-02 .4009 
.000 .2591 .6976 

1.000 -.2276 .2109 
1.000 -.1826 .2559 
1.000 -.1892 .2492 
.259 -4 5908E-02 .3926 
.000 .2224 .6609 

1.000 -.2642 .1742 
1.000 -.2559 .1826 
1.000 -.2259 .2126 

.840 ~.2575E-02 .3559 

.000 .2291 .6676 
1.000 -.2576 .1809 
1.000 -.2492 .1892 
1.000 -.2126 .2259 

.686 f-7.5908E-02 .3626 

.002 8.576E-02 .5242 

.194 -.4009 3.757E-02 

.259 -.3926 4.591E-02 

.840 -.3559 8.257E-02 
888 -.3828 75911;.02 



APPENDIX E 

AN OVA of the REE in the Food Intervention 
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One way 

AN OVA 

ENERGYEX 

Sum of Mean 
Squares df Sauare 

Between Groups 1.009 5 .202 
Within Groups .155 30 5.164E-03 
Total 1184 35 

Post Hoc Tests 

Multiple Comparisons 

Dependent Variable: ENERGYEX 
Bonferroni 

Mean 
Difference 

(I) FOOD (J) FOOD ji-J) Std. Error Sig. 
.00 1.00 -.4617* .041 .000 

2.00 -.4950* .041 .000 
3.00 -.3950* .041 .000 
4.00 -.3667* .041 .000 
5.00 -.2333* .041 .000 

1.00 .00 .4617* .041 .000 
2.00 I-3.3333E-02 .041 1.000 
3.00 6.667E-02 .041 1.000 
4.00 9.500E-02 .041 .439 
5.00 .2283* .041 .000 

2.00 .00 .4950* .041 .000 
1.00 3.333E-02 .041 1.000 
3.00 .1000 .041 .334 
4.00 .1283 .041 .064 
5.00 .2617* .041 .000 

3.00 .00 .3950* .041 .000 
1.00 ~.6667E-02 .041 1.000 
2.00 -.1000 .041 .334 
4.00 2.833E-02 .041 1.000 
5.00 .1617* .041 .008 

4.00 .00 .3667* .041 .000 
1.00 9.5000E-02 .041 .439 
2.00 -.1283 .041 .064 
3.00 2.8333E-02 .041 1.000 
5.00 .1333* .041 .047 

5.00 .00 .2333* .041 .000 
1.00 -.2283* .041 .000 
2.00 -.2617* .041 .000 
3.00 -.1617* .041 .008 
400 -1333* Jl41 .047 .. 

•. The mean difference 1s s1gmf1cant at the .05 level. 
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F Sig. 
39.096 .000 

95% Confidence Interval 
Lower Upper 
Bound Bound 

-.5940 -.3294 
-.6273 -.3627 
-.5273 -.2627 
-.4990 -.2344 
-.3656 -.1010 
.3294 .5940 

-.1656 9.897E-02 
-0.5632E-02 .1990 
~.7299E-02 .2273 

9.603E-02 .3606 
.3627 .6273 

9.8965E-02 .1656 
~3.2299E-02 .2323 
~.9655E-03 .2606 

.1294 .3940 

.2627 .5273 
-.1990 6.563E-02 
-.2323 3.230E-02 
-.1040 .1606 

2.937E-02 .2940 
.2344 .4990 

-.2273 3.730E-02 
-.2606 3.965E-03 
-.1606 .1040 

1.035E-03 .2656 
.1010 .3656 

-.3606 9.6035E-02 
-.3940 -.1294 
-.2940 t-2.9368E-02 
-2856 ... 1 m4~F-03 



APPENDIX F 

ANOVA of the REE in the Food/Smoking Intervention 
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Oneway 

ENERGYEX 

Sum of 
Squares 

Between Groups .834 
Within Groups .177 
Total 1.011 

Post Hoc Tests 

Dependent Variable: ENERGYEX 
Bonferroni 

(I)FOODSMK (J)FOODSMK 
.00 1.00 

2.00 
3.00 
4.00 
5.00 

1.00 .00 
2.00 
3.00 
4.00 
5.00 

2.00 .00 
1.00 
3.00 
4.00 
5.00 

3.00 .00 
1.00 
2.00 
4.00 
5.00 

4.00 .00 
1.00 
2.00 
3.00 
5.00 

5.00 .00 
1.00 
2.00 
3.00 

ANOVA 

Mean 
df Sauare 

5 . 167 
30 5.906E-03 

_35_ 

Multiple Comparisons 

Mean 
Difference 

{1-J) Std. Error 
-.4350* .044 
-.4300* .044 
-.4067* .044 
-.3150* .044 
-.2500* .044 
.4350* .044 

5.000E-03 .044 
2833E-02 .044 

.1200 .044 

.1850* .044 

.4300* .044 
5.0000E-03 .044 
2.333E-02 .044 

.1150 .044 

.1800* .044 

.4067* .044 
2.8333E-02 .044 
2.3333E-02 .044 
9.167E-02 .044 

.1567* .044 

.3150* .044 
-.1200 .044 
-.1150 .044 

9.1667E-02 .044 
6.500E-02 .044 

.2500* .044 
-.1850* .044 
-.1800* .044 
-.1567* .044 

4.00 Lfi SOOOE-02 JlM 
•. The mean difference 1s SIQnlf1cant at the .05 level. 
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F Sig . 
28.245 .000 

95% Confidence Interval 
Lower Upper 

Sig. Bound Bound 
.000 -.5765 -.2935 
.000 -.5715 -.2885 
.000 -.5481 -.2652 
.000 -.4565 -.1735 
.000 -.3915 -.1085 
.000 .2935 .5765 

1.000 -.1365 .1465 
1.000 -.1131 .1698 
.167 t-2.1481E-02 .2615 
.004 4.352E-02 .3265 
.000 .2885 .5715 

1.000 -.1465 .1365 
1.000 -.1181 .1648 
.219 t-2.6481E-02 .2565 
.005 3.852E-02 .3215 
.000 .2652 .5481 

1.000 -.1698 .1131 
1.000 -.1648 .1181 
.713 f.,4.9814E-02 .2331 
.020 1.519E-02 .2981 
.000 .1735 .4565 
.167 -.2615 2.148E-02 
.219 -.2565 2.648E-02 
.713 -.2331 4.981E-02 

1.000 7.6481E-02 .2065 
.000 .1085 .3915 
.004 -.3265 f.,4.3519E-02 
.005 -.3215 j-3.8519E-02 
.020 -.2981 ~1.5186E-02 

1.000 -2065 7 648F-Q2_ 



APPENDIX G 

ANOVA of the Magnitude of the REE for Each Treatment Intervention 
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One way 

ANOVA 

Sum of Mean 
SQuares df SQuare F Sig. 

T1 Between Groups 1.378E-03 2 6.889E-04 .067 .936 
Within Groups .154 15 1.029E-02 
Total .156 17 

T2 Between Groups 1.121E-02 2 5.606E-03 .675 .524 
Within Groups .125 15 8.303E-03 
Total .136 17 

T3 Between Groups 1.344E-03 2 6.722E-04 .063 .939 
Within Groups .161 15 1.071E-02 
Total .162 17 

T4 Between Groups 2.908E-02 2 1.454E-02 2.351 .129 
Within Groups 9.275E-02 15 6.183E-03 
Total .122 17 

T5 Between Groups 5.644E-03 2 2.822E-03 .222 .804 
Within Groups .191 15 1.274E-02 
Total 197 17 
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APPENDIX H 

Individual Subject Responses to the Treatment Interventions (n = 9) 
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Percent change in resting energ~ exQenditure due to the treatment interventions of cigarette smoking {S}, food 
consumQtion (F}, and cigarette smoking/food consumQtion (S/F} in study QarticiQants {n=9} 

Post-treatment change in REE (%above baseline) 
Subject Treatment Hour 1 Hour2 Hour3 Hour4 HourS 
1 s 33.3 44.4 48.9 43.0 25.5 
2 s 56.8 62.5 51.1 37.5 13.6 
3 s 84.0 64.4 49.4 56.8 40.2 
4 s 
5 s 55.8 54.5 40.0 48.1 59.7 
6 s 49.4 - - - 17.6 
7 s 47.1 60.0 60.0 60.0 17.6 
8 s 63.6 48.9 59.1 62.5 59.1 
9 s 64.4 52.9 52.9 

1 F 65.9 
2 F 49.4 60.0 41.2 54.1 35.3 
3 F 33.0 40.4 39.4 36.1 31.9 
4 F 58.4 58.4 48.3 57.3 12.4 
5 F 38.8 31.6 32.7 31.6 13.3 

'i. 6 F 75.0 83.8 50.0 37.5 30.0 
7 F 70.7 89.0 64.6 46.3 35.4 
8 F 59.1 67.0 42.0 35.2 13.6 
9 F 62.5 - - - 3.75 

1 siF= 41.5 
2 S/F 51.1 46.6 44.3 38.6 33.0 
3 S/F 44.4 42.2 40.0 33.3 11.1 
4 S/F 49.4 47.2 23.6 24.7 23.1 
5 S/F 44.0 50.5 44.0 20.9 -11.1 
6 S/F 44.4 44.4 47.7 50.0 29.4 
7 S/F 61.2 44.7 38.9 41.2 44.3 
8 S/F 51.1 63.6 75.0 39.8 
9 S/F 56.3 
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Informed Consent Forms 
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PARTICIPANT CONSENT FORM 

The Effects of Cigarette Smoking and Food Consumption on the Metabolic 

Rate in Adolescent Females 

We are conducting an experimental study on how cigarette smoking and 

eating affect energy expenditure in females and we would like for you to 

participate. This project is under the direct supervision of myself, Dr. Karen Chad 

from the College of Physical Education at the University of Saskatchewan. Kim 

Hickox, a graduate student currently working on her Master's degree, will be 

working with you throughout your involvement in the project. 

The study will last for approximately 4 months. During this time period, we 

will ask you to come into the lab once a month for a 7 hour testing period. During 

the 7 hours that you spend at the lab, you will be able to read, study, watch tv, or 

just hang out. There are 4 different treatment conditions that you will be involved 

in. Treatment #1 is a no treatment condition. In Treatment #2 you will eat a high 

carbohydrate meal consisting of 2 cereal bars and some chocolate milk. 

Treatment #3 consists of a smoking condition, where you will smoke 2 cigarettes, 

one after the other. Finally, in Treatment #4 you will eat the meal followed by the 

2 cigarettes. You will participate in all 4 treatment conditions in a random order. 

For the rest of the testing period, a ventilated hood will be placed over your head 

for 15 minutes, during which time your breathing will be measured, followed by a 

45 minute break. We will repeat this procedure 4 times. The ventilated hood is 
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like a large plastic bubble that sits over your head. It is not uncomfortable, and 

you will be able to breathe normally while it is on. 

This study will not put you at risk for any personal harm over and above 

the physical harm that your physical smoking status causes you. Your 

participation in this study is completely voluntary, and all of the information that is 

gathered through the study will be completely confidential. When the project is 

written up, the results will be reported without the use of your name, but you are 

more than welcome to discuss your individual results, as well as the overall 

findings at any time during the study. If you want, the results of the project can 

be sent to you at the completion of the study. If you wish, you may withdraw 

from the study at any time without any penalty to you. 

If you would like to be a part of this project, please complete the enclosed form to 

indicate your consent. If you have any questions or concerns about this study, 

please contact Ms. Tammy Goddard  or Kim Hickox
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PARTICIPANT CONSENT FORM 

I have read and understood the purpose of this study and my involvement 

in the project. I am aware that I will remain anonymous throughout the 

study and in any written results of the data collected through participation 

in this project. I am aware that I will not be at risk for any physical harm 

during the study, apart from the physical harm that smoking already 

causes me. I am aware that I can withdraw from the study at any time 

without any penalty. I acknowledge that I have received a copy of the 

consent letter for my records. 

Participanfssignatu~=~~~~~~~~~~~~~~~~~~~ 

Date: 
~---------------------------

Parent's signature=~----------------------------

Date:~--------------------

Resea~he~ssignature=~~~~~~~~~~~~~~~~~~

Date:~----------------

Resea~he~ssignatu~=~~~~~~~~~~~~~~~~~~~ 

Date: ________________ __ 
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