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ABSTRACT

MEASUREMENT OF SERUM LEPTIN CONCENTRATIONS IN

SEDENTARY AND EXERCISE TRAINED YOUNG WOMEN

BY

Juanita Maria Rivera

The study was designed to determine if a relationship

exists between serum leptin and energy expenditure at rest

and with exercise (acute and chronic) in young women of

varying body sizes during both the follicular (F) and

luteal (L) menstrual phases. Aerobic capacity (VOmmnd,

residual lung volume, fat mass (FM), fat free mass (FFM),

and resting energy expenditure (REE) were measured in 8

subjects. Venous blood samples were drawn before and after

20 minutes of treadmill exercise, at 60% of each subject’s

voamx, Serum leptin was determined via a radioimmunoassay.

Small sample size prohibited any inferential statistics to

be run on the data collected. There was the appearance of

a negative trend between leptin/FM and REE/FFM. Although

leptin was higher in the L phase compared to the F phase

for 3 of the 4 subjects who completed both menstrual phase

visits, the absolute differences were small and the percent

differences were variable. No exercise-induced changes in

leptin were found.
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INTRODUCTION

Overweight and obesity are important risk factors

associated with many diseases affecting women.

Hypertension, atherosclerosis, heart disease, diabetes and

some forms of cancer are a few of the more significant

health problems where increased body weight plays a role.

It is estimated that the cost of treating obesity and its

complications is about 68 billion dollars annually (113).

According to the most recent (1988—1994) National

Health and Nutrition Examination Survey (NHANES III), the

crude prevalence of overweight and obesity for women twenty

years and older is 50.7% (29). In addition, the prevalence

of overweight women has increased 10-15% from the previous

decade (109). The Office of Research on Women’s Health

(part of the National Institutes of Health) recently

compiled recommendations for future research on women's

health. Not surprisingly, “Identification of successful

interventions for long term weight management” and “effects

of endogenous and exogenous hormones” were two of the areas

of suggested study (92).

Leptin is a recently identified hormone that may play

a role in the regulation of body weight (130). Leptin

levels are highly correlated with various measures of

adiposity. Although the physiological functions of leptin



in humans have not yet been determined, results from animal

studies suggest a relationship between leptin and appetite

and energy expenditure (EB) (34, 90). Even though leptin

levels appear to be correlated with adiposity in steady

state conditions, for a given level of adiposity,

concentrations can be quite variable. Age, time of

measurement, caloric intake, dietary habits, EE, gender,

and menstrual phase are some of the factors thought to

explain some of the variation. The present study was

designed to control for many of these variables in order to

gain a better understanding of the relationship between

leptin and EE (both at rest and with exercise) in active

and sedentary, young women during both follicular and

luteal phases of their menstrual cycles.



SPECIFIC AIMS

Specific Aim.1:

To determine the relationship between leptin and resting EE

in young women.

Research Questions

Do serum leptin levels account for a significant

amount of variance in resting EE among young women,

independent of body weight?

Does exercise training modify the relationship between

serum leptin and resting BE in young women?

Specific Aim 2:

To determine the relationship between menstrual phase and

serum leptin levels in young women.

Research Question

Do serum leptin levels differ in women in the mid-

follicular vs mid-luteal phase of their menstrual

cycles when subdivided by exercise training and BMI?



Specific Aim.3:

To determine the relationship between chronic exercise

training and serum leptin levels in young women.

Research Questions

Do young women of a given body mass index (BMI) (high

or low) differ in serum leptin levels due to exercise

status?

Do young women of a given exercise status (exercise

trained or sedentary) differ in serum leptin levels

due to BMI status?



BACKGROUND AND SIGNIFICANCE

Parabiosis egperiments

From the late 1950’s through the 1970’s, parabiosis

experiments were very popular. These experiments involved

surgically pairing two animals at the hip and shoulder.

Eventually, the two animals shared the same blood supply.

Parabiosis experiments were commonly used to provide

evidence for blood-borne transport of the particular

substance being studied. Many researchers during this time

period utilized parabiosis techniques to further their

understanding of how body weight is regulated.

In a classic physiology experiment in 1958, Hervey

parabiosed two rats (41). Later, he destroyed the

ventromedial hypothalamus of one of the rats. The lesioned

rat developed obesity and the unlesioned rat starved to

death. The results of this study led Hervey to propose a

circulating “satiety” factor that interacted with the

hypothalamus. He hypothesized that this “satiety” factor

was produced in excess in the lesioned rat as it became

more obese, and the excess “satiety” factor played a role

in the death of the unlesioned rat.

Although one can create obese animals, many animal

models of obesity already exist. Three autosomal

recessive, genetically, obese rodent models that are



commonly studied are ob/ob mice, db/db mice and fa/fa (also

known as Zucker) rats. Ob is short for obese, db is short

for diabetic, and fa is short for fatty. These animals

have other physiological problems besides obesity. For

example, ob/ob mice have abnormal reproduction (sometimes

infertility), hypothermia, stunted linear growth, hormonal

abnormalities, locomotor retardation, and non-insulin

dependent diabetes mellitus (NIDDM) with severe insulin

resistance (32).

In 1959, Hausberger parabiosed obese mice with wild-

type (WT), normal weight mice (37). Weight gain in the

obese mice was suppressed. Therefore, Hausberger

hypothesized that there was something missing in the blood

of the obese mice that appeared to be transferred from the

WT mice. In 1969, Coleman and Hummel parabiosed db/db mice

with WT, normal weight mice (18). The db/db mice remained

obese and surprisingly, the WT mice died of starvation.

The authors postulated that the WT mice died due to a large

amount of a “satiety” factor, while db/db mice were

resistant to this “satiety” factor. In a review article by

Caro, Harris, et al. reported similar results when they

parabiosed fa/fa rats with WT, lean mice (11).



Basic characteristics of 192232

In 1994, the “satiety” factor that had been postulated

in previous studies was identified and cloned (130). The

researchers named it leptin after the Greek root, leptos,

meaning thin (30). Leptin is an 167 amino acid, 16-

kilodalton, protein product of the ob gene that is

primarily produced by adipocytes (130). A large amount of

leptin synthesis has also been documented in the placenta

(74, 108). In addition, leptin mRNA has been found in

human granulosa and cumulus cells of ovarian follicles (77,

96). Human leptin is 84% identical to mouse leptin (130).

Both forms of leptin have a secretory signal sequence

(130).

Circulating leptin levels are highly correlated with

fat mass (FM), percent body fat, and BMI (20, 71, 86, 98).

In contrast, leptin is not correlated with visceral fat,

waist to hip ratio, abdominal-to—total-body FM ratio (14),

or upper or lower body adiposity (110). Using a stepwise

multiple regression analysis, Rosenbaum et al. found that

percent body fat and BMI did not explain any additional

variation beyond that attributable to FM (98). In

contrast, Kennedy et al. found that BMI independently

accounted for 35% of the variability in serum leptin levels

(55). Although many researchers have documented a



relationship between adiposity and leptin, there appears to

be a threshold for this relationship, as there is no

correlation between leptin and BMI in anorectics with

extremely low BMI (70).

When recombinant leptin is given to ob/ob mice, not

only do they lose weight and decrease food consumption (9,

34, 90), they also increase thermogenesis (34, 90), and

locomotor activity (90). The increased physical activity

may be secondary to the increased ability to move around

after losing a significant amount of weight.

Since ob/ob animals were found to be deficient in

leptin (l9), researchers expected that obese individuals

would have low leptin levels. However, there are very few

documented cases of leptin deficiency in humans.

Nevertheless, when individuals are leptin deficient they

definitely have a problem with obesity. For example,

Montague et al. studied two children (from the same highly

consanguineous family of Pakistani origin) with leptin

deficiencies that were morbidly obese (80). One child

weighed 86kg at age eight (80).

In contrast, the majority of obese individuals studied

tend to have high leptin levels. Considine et al. found

serum leptin levels in obese individuals to be four times

higher than those found in their lean counterparts (31.3 i



24.1(SD) ng/ml vs 7.5 i 9.3 ng/ml, respectively) (19).

Similarly, Dagogo-Jack’s lab also reported a significant

difference in plasma leptin levels between obese and lean

individuals (37.2 : 3.6(SE) ng/ml vs 14.2 i 2.2 ng/ml,

respectively) (21). The apparent contradiction between

ob/ob mice and humans has been rationalized by

hypothesizing that obese individuals are somehow resistant

to their leptin.

Potential mechanisms of leptin resistance

Leptin resistance could be secondary to problems with

the leptin receptor (i.e., downregulation, defective

binding), problems with signaling, inadequate availability

(i.e., increased clearance, decreased production), or

irregular activity of circulating leptin (50).

Furthermore, changes in binding proteins could influence

leptin availability or activity.

Sinha et al. showed the majority of total leptin (60-

98%) in sixteen lean subjects ((21% fat) is in the bound

form (112). On the other hand, thirty obese subjects with

leptin levels >35 ng/ml had the majority of their leptin in

the free form. Bound and free leptin were both

significantly higher in obese vs lean subjects. If the

free form of leptin is the active form, then perhaps this

provides evidence for leptin resistance in obese



individuals. Saad et al. also documented suppressed

diurnal amplitude for leptin in obese vs lean individuals

(102).

Houseknecht et al. determined the majority of serum

leptin in humans is found attached to binding proteins of

approximately 176kDa and 240kDa (50). In a study of seven

Caucasian women, they also found free leptin increased with

increasing BMI. This finding provides evidence for

possible saturation of binding proteins in obese

individuals.

Schwartz et al. found leptin transport capacity was

decreased in obese humans as evidenced by lower

cerebrospinal fluid (CSF)/serum leptin ratios in obese vs

normal-weight subjects (107). Therefore, the authors

hypothesized a saturable mechanism of CSF transport.

Furthermore, they proposed decreased leptin transport in

obese individuals could lead to apparent leptin resistance.

Karonen et al. also found evidence that uptake of leptin in

the choroid plexus is saturable (54). Defects in leptin

central nervous system transport have been demonstrated in

New Zealand obese mice (77).

Metabolism.of ISEEEE

Licinio et al. determined leptin is released in

healthy men (n = 6) in a pulsatile fashion with 32.0 i 1.5

10



(SEM) pulses every 24 hours and a pulse duration of 32.8 i

1.6 minutes (66). In addition, the average interpeak

interval was 43.8 i 1.8 minutes. Sinha et al. also

demonstrated leptin pulsatility, but they only measured two

to seven oscillations per 12-hour period, with a mean

period of 3.5 hours (110).

Licinio et al. also published data from a pilot study

comparing pulsatility between one normal—weight woman and

one obese woman whose leptin levels were seven times

greater (66). The authors did not find any differences in

concentration—independent pulsatility parameters including

pulse number/24 hours, pulse duration, or interpeak

interval. The authors concluded the increased leptin

levels in the obese woman were due solely to increased

leptin pulse height rather than disruptions in pulsatility.

Klein et al. estimated the human leptin production

rate to be 3.2 i 0.5 ng/lOOg fat/min and the half-life to

be about 25 minutes (129). In a rat study by the same

. . . . 125 .

group, the failure of an injection of I-leptin to appear

immediately in the urine suggests leptin is not eliminated

by glomerular filtration alone (129). This group believes

their kinetic studies provide evidence for active uptake of

leptin by the renal tissues.

11



Karonen et al., discussed studies by Cumin et a1. and

Van Heek et al. that showed leptin clearance primarily by

the renal system (54). The review article by Sharma also

discussed work by Cumin et al. which showed an 81% decrease

in leptin clearance after bilateral nephrectomy in rats

(109). In a separate rat study, Cumin et al. estimated

renal clearance of leptin to be 5.3 ml/min/kg, whereas,

whole body clearance was estimated to be 5.4 ml/min/kg

(109).

Sharma and Considine investigated the leptin levels of

patients with end-stage renal disease (ESRD) (109). The

finding that patients with ESRD have 4 fold higher leptin

levels supports the hypothesis that the kidney is a primary

site of clearance. This effect remained after correction

for BMI.

Eggtin receptor characteristics

Leptin receptors have been found in animals in the

hypothalamus, adipose tissue, gonads, heart, liver, kidney,

spleen (39), skeletal muscle (27), adrenal medulla, and

pancreatic islets (13). At least 6 splice variants of the

leptin receptor have been identified (named Ob-Ra, Ob-Rb,

Ob-Rc, Ob-Rd, Ob-Re) (39). In humans, leptin receptors

have been identified in the hypothalamus and gonads (3,

118).

12



Some forms of the leptin receptor are structurally

similar to class I cytokine receptors, with intracellular

janus kinase (Jak) and signal transducer and activator of

transcription (STAT) motifs (35). The Ob-Rb receptor, also

known as the long leptin receptor, contains Jak and STAT

motifs (109). The Ob-Ra receptor, also known as the short

leptin receptor, contains the Jak, but not the STAT motif

(109). The Ob—Ra receptor is thought to play a role in

transporting leptin across the blood brain barrier (109).

The Ob-Re receptor does not have either a transmembrane or

intracellular domain and is thought to function as a

soluble receptor or binding protein (109).

As hypothesized db/db mice and fa/fa rats were found

to be resistant to their “satiety factor” secondary to

mutations in the leptin receptor (19). The mutated

receptor in db/db mice does not have the cytoplasmic domain

that contains the Jak and STAT signaling motifs (109).

Clement et al. reported a homozygous mutation in the

human leptin receptor in three of nine siblings (all

female) who were members of a consanguineous family of

Kabilian origin with a strong prevalence of morbid obesity

at an early age (17). They also found the siblings to have

no pubertal development through age 19 and decreased growth

hormone and thyrotropin secretions. Other family members
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that were heterozygous for the mutation in the leptin

receptor were obese, but not morbidly obese, which suggests

that one normal allele for the receptor is sufficient for

some regulation of body weight.

Ag: and lgptin

Due to conflicting results, the relationship between

age and leptin is yet to be determined. Lindroos' and

Considine's labs both found a significant positive

correlation between age and serum leptin levels (20, 69).

Ostlund et al. and Ryan and Elahi found an inverse

relationship between age and plasma leptin levels (86,

101). Martin et al., Rosenbaum et al., Roberts et al., and

Sumner et al. did not find any significant association

between age and leptin levels (73, 97, 98, 115). According

to the review article by Sinha, Caprio et al. did not find

any significant differences between preadolescent,

adolescent, and young adults (110). The diverse results

may be due to the fact that only three of the preceding

studies had an age range large enough to allow the

likelihood of finding a significant relationship with

leptin levels (97, 98, 101). Until the relationship

between age and leptin is clarified, investigators would be

prudent to control for age.
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Diurnal variation of lqgtig

Many investigators have shown a diurnal pattern in

leptin levels. Sinha et al. measured serum leptin every 1-2

hours in individuals who were lean (n = 4), obese (n = 11),

and obese with NIDDM (n = 9) (111). Lowest leptin values

were seen at 2:30 PM, 1 PM, and 2:30 PM, respectively for

each group. The peak values were found at 2:30 AM, 12:30

AM, and 4:30 AM, respectively for each group. Sinha et al.

suggested that the increase in leptin levels in the early

morning hours may represent a delayed response to dinner

and may be important for appetite suppression while

sleeping (111).

Schoeller et al. investigated variation in leptin with

day/night reversal of meal timing in four young men (104).

They found the diurnal variation in leptin was shifted 4-7

hours (similar to the meal time shift of 6.5 hours). This

study suggests leptin’s nocturnal rise may be related to

meal timing. This interpretation is supported by the

studies of Boden et al. Grinspoon et al. and Bergendahl et

al., which found decreased diurnal variation with fasting

(5, 7, 33).

Licinio et al. measured plasma leptin levels every

seven minutes during mid to late follicular phase (days 8-

11) in six, lean young women (67). They found peak leptin
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levels at night (between 1 and 2 AM). The lowest leptin

values were found ~8 AM. The average nighttime (11 PM-8

AM) leptin concentration was 10.2 i 1.7 (SD) ng/ml. The

average daytime (8 AM -5 PM) leptin concentration was 7.63

i 1.20 ng/ml.

Saad et al. measured plasma leptin levels in 31

moderately obese men and women every 20 minutes for 24

hours (102). This group found a nadir in leptin levels

between 8 AM and 2:40 PM (with a median of 10:33 AM) and

peaks between 11 PM and 3:00 AM (with a median of 1:20 AM).

In all the studies mentioned in the previous few

paragraphs, leptin levels were relatively stable from 8:30

AM to 12 PM.

van Aggel-Leijssen et al. measured plasma leptin

levels in eight lean, young, previously sedentary males

every hour during the day and every two hours during the

night (125). They found peak leptin levels around 1 AM

with a nadir around 11 AM. Hilton and Loucks documented

similar diurnal variation of plasma leptin levels in

sixteen, lean, young women (47).

Fasting and lgptin

Even though leptin is highly correlated with

adiposity, it can be influenced by changes in energy

balance. Kolaczynski et al. measured serum leptin after
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36- and 60-hour fasts in lean and obese individuals (59).

They observed a significant decrease in serum leptin after

12 hours (~20%). After 36 hours of fasting, serum leptin

levels decreased 72-84%. Fasting beyond 36 hours did not

lead to any further reduction in serum leptin.

Furthermore, the decrease in leptin was prevented by an

infusion of a small amount of glucose. In addition, the

decrease in leptin did not correlate with percent body fat.

Sinha et al. did not find any significant differences

in the bound fraction of leptin in lean or obese

individuals after a 24-hour fast (112). In contrast, they

found a significant decrease in free leptin levels in both

lean and obese individuals (10.6 i 1.9 (SEM) to 1.3 i 0.4

ng/ml; 28.3 i 9.8 to 14.7 i 14.7 i 5.3, respectively).

Furthermore, the decrease in the lean individuals was

significantly more marked than in the obese individuals.

Boden et al. documented a 60-70% decrease in plasma

leptin with a 52-hour fast in normal weight and obese

individuals (7). This group also studied four normal

subjects who fasted for 72 hours, but with their glucose

levels clamped. The serum leptin of these subjects did not

change, suggesting a relationship between glucose

regulation and/or insulin and leptin.
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Grinspoon et al. measured decreased (40%) plasma

leptin after a four day fast in normal—weight women (33).

The decrease was almost reversed (80%) within 24 hours

after glucose infusion. Weigle et al. also showed a

suppression of leptin’s diurnal variation after a 3 day

fast in normal weight women (126). Twelve hours after

refeeding, there were no differences in leptin levels

compared to the control values. Bergendahl et al. measured

leptin levels after a 2.5 day fast in eight, young, lean

women during their midluteal phase (5). Serum leptin

decreased ~78% from 15.2 i 2.3 (SEM) to 3.4 i 0.6 ng/ml.

Wisse et al. measured plasma leptin levels in 21

obese, older women after one of three conditions, lasting

four weeks: a total fast, a very low energy diet, or a low

energy, balanced diet (128). Mean plasma leptin decreased

up to 66% by week one, but continued to decrease gradually

over the four weeks. The magnitude of these decreases was

not consistent with changes in FM over the same time

period. In addition, this group did not find any

relationship between increased ketone bodies and leptin.

Many researchers have reasoned that since leptin

levels and adiposity do not always decrease in parallel,

there must be other factors involved. Caro et al.

hypothesized a dual role for leptin (11). They believe
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leptin plays different roles when the body is in a state of

energy balance, compared to when it is in a non-steady

state condition. Specifically, this group proposed during

steady state, leptin represents adipose stores and when

energy balance changes, this relationship is modified.

Acute meal effect and lgptin

Results from studies designed to assess acute meal-

related changes in leptin are conflicting. Dagogo—Jack et

al., Sinha et al., Maffei et al., and van Aggel-Leijssen et

al. took venous blood samples from 1—3 hours after a meal

(21, 71, 111, 125). None found acute meal-related changes

in leptin levels. Considine et al. took a blood sample at

time zero, immediately followed by breakfast, then followed

by lunch four hours later (20). No meal-related increases

were found with eight hourly measurements. Similarly,

Weigle et al. found no effect of a high or a low fat meal

4-6 hours after the meal (126). Melanson et al. did not

find a meal-related effect on leptin levels during 8-9hours

after a low-carbohydrate meal (on the day after glycogen

depleting exercise) (76). On the other hand, when Saad et

a1. and Laughlin et al. took 24hr blood samples, both

groups concluded there were meal-related increases in

leptin, but the effect was delayed 2-4 hours (63, 102).
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Dallongeville et al. performed a study similar to that

of Schoeller et al. but with a greater number of subjects

(22). This group studied whether time of feeding affects

the leptin response to a meal. Thirteen, non—obese male

subjects were studied on four occasions. They had blood

samples taken every twenty minutes for eight hours

following the ingestion of a test meal or water at 12:50 AM

or PM. The investigators did not find a significant

difference in leptin levels between day and night

concentrations, but they did find a meal related increase

(after four hours) during both times. The authors

suggested that leptin levels may be more acutely affected

by food intake compared to a circadian rhythm. As with

Schoeller et al., Dallongeville et al. suggests the diurnal

effect could really be secondary to a slow and cumulative

effect of diurnal meals. They also suggested differences

between studies could be secondary to differences in

subject pools (lean vs obese), inadequate follow-up/

measurement times, sampling intervals, or lack of test meal

standardization. Although these conclusions are

conflicting, many studies attempt to control for the

potential variation of an acute meal effect by measuring

leptin levels in the early morning after a 10-14 hour fast.
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Two studies were designed to measure changes in leptin

levels with overfeeding. Massive overfeeding (120 Kcal/kg)

over twelve hours increased circulating leptin about 40%

th h

(60). Increases were seen between the 5 and 10t hours,

but leptin levels remained elevated through 24 hours.

Ohannesian et al. measured serum leptin before and

after a ten percent weight gain, secondary to overfeeding

(84). The weight gain was achieved over a 4-6 week period.

The second leptin measurement was not taken until after a

two- week maintenance period. Serum leptin significantly

increased with overfeeding (3.8 i 1.0 (SE) vs 6.4 i 1.9

ng/ml).

Diet (chronic meal effect) and lqptig

Results among studies reporting on the relationship

between diet composition and leptin are also mixed.

Although leptin levels increased in rats after 12 weeks on

a high fat diet, this effect was not independent of changes

in body fat (105). The review article by Remesar reported

that Masuzaki et al. also found carbohydrate feeding

resulted in increased leptin in rats (95). Most studies

with humans that reported dietary effects had subjects

complete food records, but this was not their main focus.

None showed a relationship between dietary composition

(i.e. % fat, % carbohydrate, or % protein) and leptin
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levels (52, 63, 73, 86). However, when overall calorie

intake was decreased 50%, the change in serum leptin levels

did correlate with the change in carbohydrate levels (52).

Niskanen et al. also found that after adjustment for age,

sex, FM, and fat free mass (FFM), leptin and carbohydrate

oxidation rate were negatively correlated (r = -O.41,

p<0.01) (83).

Only a few studies have been designed specifically to

look at the effect of diet on leptin levels. Schrauwen et

al. measured plasma leptin in twelve lean individuals

before and after seven days on a high fat diet (60% of

total caloric intake) (105). The investigators manipulated

total calories to maintain weight (energy balance) in all

subjects. Leptin levels after seven days were not

significantly different from baseline. Likewise, Weigle et

al. did not find any relationships between plasma leptin

and percent fat intake (126). Furthermore, Havel et al.

did not find any relationship between plasma leptin levels

and dietary fat content (31%, 23%, or 14%) in normal weight

and overweight, postmenopausal women after 4-6 weeks on

each respective diet (38).

In contrast to human studies, Dyck and Steinberg

investigated the effect of high fat diets on leptin levels

in rodents (27). They found different effects depending on
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whether the fat primarily came from safflower (an N-6 fatty

acid) vs fish oil (an N-3 fatty acid). Increasing leptin

in rodent muscle usually stimulates fatty acid oxidation

and inhibits triglyceride (TG) synthesis. However, the

group fed a high safflower diet had increased leptin

levels, yet did not have increased fatty acid oxidation or

any additional inhibition of TG synthesis compared to

control rats. In partial contrast, rodents fed a diet high

in fat from fish oil did not have an increase in leptin

levels, nor did these animals have an increase in fat

oxidation or decreased TG synthesis (vs control).

Hickey et al. also found a differential effect on

leptin levels depending on type of fat ingested (43). This

group assessed leptin levels in seven obese and nine non-

obese individuals after four days of dietary manipulations.

After determining each subject’s usual caloric intake, the

investigators designed two diets for each subject. Both

diets consisted of the same total energy and total percent

energy from fat. One diet consisted of normal levels of an

omega-3 fatty acid, alpha linolenic acid (~1/2% of fat).

The remainder of fat came from linoleic acid, an omega-6

fatty acid. The other diet consisted of a 10-fold increase

in alpha linolenic acid. The isocaloric diet with

increased alpha linolenic acid increased leptin levels 30%
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in lean individuals only. The authors felt the timing of

this difference in responsiveness might provide information

about the mechanisms of how diet may influence leptin

levels.

Eggggx;§§penditure (BE) and Leptin

Kennedy et al. measured serum leptin in 116 lean and

obese individuals (54 women and 62 men) (55). The authors

found no correlation between fasting leptin levels and

resting energy expenditure (REE). Moreover, they found

that 81% of the variation in leptin among individuals could

be explained by percent fat and gender. Rosenbaum et al.

measured changes in plasma leptin and EE before, during,

and after weight gains and losses (including after

maintenance of altered body weights)(99). They did not

find any correlation between absolute or relative changes

in plasma leptin and changes in EE.

Paolisso et al. did not find any significant

correlation between plasma leptin and basal metabolic rate

during the follicular, periovulatory, or luteal phases in

sixteen, healthy, lean, sedentary, young women (88).

Martin et al. measured serum leptin levels in 27 older

females. They felt their data suggested a relationship

between total energy expenditure (TEE) and leptin (after

controlling for percent fat) (73).
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Butte et al. studied RMR and serum leptin in 65

pregnant women (8). After adjustment for FM and FFM, they

did not find resting metabolic rate (RMR), nor TEE (24

hour) to be significantly correlated with leptin levels.

In addition, Highman et al. found a significant positive

relationship between serum leptin and BE in ten females

before and during pregnancy (46). Many of these subjects

were obese prior to pregnancy. When the authors adjusted

for FM, the relationship changed to a significant negative

correlation. Since leptin levels are strongly influenced

by adiposity, the relationship found after adjustment for

FM is likely to be more accurate.

Toth et al. studied the relationship between leptin

and REE in 59 middle-aged non—obese premenopausal women

(121). Although they found serum leptin explained ~8% of

REE variation (via stepwise regression analysis), these

authors questioned the physiologic significance of this

relationship. Toth et al. concluded that leptin’s

contribution to REE in this study population is minimal.

In contrast, Niskanen et al. found an inverse

association (r = -0.324) between serum leptin in 45 obese

individuals (35 women and 10 men) and REE (after adjusting

for FM, age and sex) (83). Campostano et al. measured REE

and serum leptin in 43 premenopausal women and twenty men.
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Although they found a positive association between REE and

leptin, when adiposity was taken into account this

relationship disappeared (10).

Though Jorgensen et al. measured leptin levels in men

and women, they only found leptin to be significantly

correlated with RMR in men (53). Torjman et al. found

leptin to be significantly negatively correlated (r = -

0.81) with REE in young, lean, sedentary men (120).

Nicklas et al. investigated the relationships between

plasma leptin and BE in 46 sedentary, African Americans (25

women and 21 men) (81). After adjustment for FFM, these

authors found a significant relationship between leptin and

REE only in females. In addition, they found a trend

towards significance between TEE and leptin (again only in

females).

All of the above mentioned studies either measured REE

in sedentary individuals or did not report the activity

levels of their subjects. Currently, there are no studies

that have determined the relationship between REE and

leptin levels in exercise trained women.

Gender and lggtig

Early studies did not find a gender difference in

leptin levels in fetal amniotic fluid or in adult serum

(20, 106). Despite these results, many studies have
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documented a gender difference in plasma or serum leptin

independent of adiposity (21, 40, 44, 83, 97-99, 102, 115).

The review article by Macut reported that Clayton et al.

measured decreased leptin levels during puberty in boys,

while they remained constant in girls throughout puberty

(70). Schwartz et al. also documented a gender difference

in CSF leptin levels independent of BMI (107). Ostlund et

al. found leptin levels to be three times higher in women

than in men (17.1 : 14.8(SD) ng/ml vs 5.8 i 4.4 ng/ml,

respectively) (86). So far, gender differences have been

documented in Caucasians, Mexican Americans, Samoans (115),

Pima Indians (31), and African Americans (81).

Some authors have found gender differences only with a

certain body habitus. Maffei et al. found a gender

difference after controlling for BMI, but this difference

disappeared after controlling for percent body fat (71).

Kennedy et al. found serum leptin levels to be higher in

females compared to males when the percent body fat of both

groups was greater than 25% or BMI was greater than twenty

(55). According to the article by Rosenbaum et al.,

Lonnqvist et al. also found greater leptin mRNA in obese

females compared to obese males, but no difference in lean

individuals (98).
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The female reproductive system and lqetig

Female mice injected with leptin show earlier signs of

puberty than normal (77). According to the review article

by Messinis et al., using food-deprived female rats (a

delayed puberty model) Cheung et al. reported leptin is not

the first signal of puberty onset, but it probably plays a

permissive role (70, 77).

The article by Teirmaa reported Lalou et al. found an

association between female puberty and increased serum

leptin in lean and obese children (118). The review

article by Messinis, reported that Matkovic et al.

prospectively studied serum leptin levels in 343

prepubertal girls over 4 years (77). Matkovic et al. found

that for every lng/ml increase in serum leptin, age of

menarche decreased by one month.

Andreelli et al. evaluated reproductive function and

plasma leptin in two women with lipoatrophic diabetes (2).

Secondary to their disease status, the women had complete

atrophy of subcutaneous and visceral adipose tissue.

Although both women had leptin levels <1 ng/ml, they had

normal menstrual function and one successfully delivered

three children. The authors concluded that leptin is not

the sole trigger of puberty. In addition, factors other
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than leptin must also be involved with obesity related

infertility problems.

Clapp and Kiess found leptin levels increased linearly

through 36 i 1 (SEM) weeks (from prepregnancy values of 8.2

i 0.9 ng/ml to 21.4 i 1.8 ng/ml near term) (16). Sattar et

al. documented decreased leptin levels by six months after

delivery compared to near term measurements (~35 weeks

gestation) (103). No earlier time points after delivery

were studied.

Results from studies designed to assess the effect of

menopausal status on leptin levels are somewhat

conflicting. Kohrt et al., Castracane et al., and Hickey

et al. found no statistically significant difference in

leptin levels between premenopausal and postmenopausal

women (12, 45, 57). In contrast, Rosenbaum et al. found

plasma leptin levels were significantly higher in

premenopausal women than postmenopausal women (98).

Castracane et al. found no difference in serum leptin

levels when comparing young women who were or were not on

standard low-dose estrogen-progesterone oral contraceptives

(12). Similarly, Thong et al. did not find any differences

in plasma leptin levels of recreational athletes, when

comparing samples taken during the active birth control

pill phase with the placebo pill phase (119). Leptin
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levels were similar despite a 400% difference between

17aethinylestradiol between active and placebo pill phases.

Castracane et al. also did not find any differences in

postmenopausal women who were or were not receiving hormone

replacement therapy (HRT). The studies of Kohrt et al. and

Kraemer et al. supported these results of no effect of HRT

on leptin levels (57, 61). Taken together, these findings

provide evidence against a relationship between estrogen

and leptin.

In contrast, Paolisso et al. found a positive

relationship between leptin and sex hormones in 39 non-

obese females during the follicular phase of the menstrual

cycle (87). After controlling for age, body fat, and

waist—to-hip ratio, they found a positive correlation

between leptin and fasting plasma estradiol.

Licinio et al. observed a significant change in the

pulsatile profile of luteinizing hormone (LH) when peak

leptin levels were present (66). LH pulses were fewer,

longer in duration, higher in amplitude, and had a four-

fold larger area at night than during the day. This

relationship between leptin and LH was observed in all six

subjects studied during the follicular phase.

Stock et al. measured serum leptin in thirteen, lean

women on days 1-3, 6-8, 13-15, and 22-25 of the menstrual
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cycle (114). Although, the authors found a small overall

variation in leptin levels during the menstrual cycle,

there were no statistical differences when the phases were

compared.

Teirmaa et al. also did not find any differences in

serum leptin during the menstrual cycle in eight, lean,

normally, menstruating, young women (118). However, they

did note a small insignificant trend (~1.25-fold increase)

to higher leptin levels at the end of the cycle vs the

beginning of the cycle. Perhaps this lack of significant

difference was because they did not take their samples

during the middle of the various menstrual phases. Blood

samples were obtained between days 2 and 5, days 14 or 15,

and between days 24 and 26. However, the authors propose

the difference may simply be random variation. In support

of their opinion they cite other data collected (by them)

that showed an approximately 1.25-fold difference in leptin

levels was found in women who were taking oral

contraception, at two physiologically identical time

points, one month apart.

Hardie et al. has shown that leptin levels in lean

women are significantly higher in the luteal phase (36.7 +

4.7 (SEM) ng/ml) vs the follicular menstrual phase (22.9 i

3.5 ng/ml) (36). According to the article by Teirmaa et
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al., Schimizu et al. also found a statistically significant

(51 i 14% (SEM)) increase in the luteal phase vs the

follicular phase (12.2 and 9.2 ng/ml respectively) leptin

levels (118).

Riad-Gabriel et al. measured significantly higher

plasma leptin levels in nine women during the luteal vs

follicular phase (20.4 i 4.2 (SEM) ng/ml vs 14.9 i 2.9

ng/ml, respectively) (96). In addition, they did not find

any relationship between the changes in leptin and changes

in sex hormones. These authors hypothesized the increased

leptin may have been secondary to leptin release from

mature ovarian follicles.

Quinton et al. found significantly higher serum leptin

levels in the luteal vs the follicular phase (median 11.4

ng/ml vs 10.0 ng/ml, respectively) in seventeen middle-aged

women of varying BMI (93). But, there was a wide range of

leptin values (4.9-66.7 vs 4.3-32.2, luteal vs follicular,

respectively). Furthermore, three women failed to show a

difference between the follicular and luteal phases.

Messinis et al. found increased serum leptin levels at the

end of the follicular phase compared to the early

follicular phase and the day of the LH surge in nine, lean

women with unexplained infertility of 5-8 years (78).
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Mannucci et al. measured serum leptin in 18 lean women

on days 3, 10, 17, and 24 of one menstrual cycle (72).

These authors found a 23 i 7% (SEM) significant increase in

the late follicular phase (day 10). Leptin continued to

rise through the 24th day. The increase was not related to

BMI.

Thong et al. documented average increases (40-46%) in

the luteal phase compared to the follicular phase of the

menstrual cycle in normally cycling elite (n = 8) and

recreational athletes (n = 13)((119). However, there was

interindividual variation, including three individuals

whose leptin levels were lower in the luteal phase compared

to the follicular phase and several athletes whose plasma

leptin only increased 4-7% in the luteal phase. These

indiscrepancies may have been secondary to the way the

luteal phase was estimated (using a date that was three-

quarters of the average cycle length). Despite the large

average difference between menstrual phases, no correlation

between leptin and sex hormones or changes in leptin and

changes in sex hormones were found in either menstrual

phase.

Exercise and lqgtig

My primary interest is the relationship between

exercise and leptin. Therefore the exercise section is
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considerably longer than the preceding ones. I have

subdivided the sections by gender and exercise type. There

are five instances where human studies involved both male

and female subjects. These studies were put in one

section, but the gender of all subjects is detailed with

each study. Cross-sectional studies, acute exercise (in

previously sedentary and chronically active individuals),

and training programs are discussed separately. Within

each subheading the individual studies are grouped with

similar studies, with respect to similar intensity of

exercise, sampling methods, or publication date.

Cross-sectional studies of sedentary and.physically active

Two labs have done cross-sectional studies comparing

leptin levels of sedentary to physically active men. Leal-

Cerro et al. compared leptin levels between 22 sedentary,

non-obese males and 29 nonprofessional, male athletes

trained for marathon running. When levels were expressed

as leptin per kg body fat, the authors did not find any

difference between the subject groups (64). Berman et al.

found decreased leptin levels in older, male masters

athletes compared to age matched lean, sedentary males, but

the differences did not persist after controlling for
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percent fat (6). In summary, no cross-sectional study has

shown differences in leptin levels between sedentary and

physically active men after adjustment for adiposity.

Acute exercise and leptin in men

Racette et al. looked at plasma leptin levels in five

sedentary men, before and after 60 minutes of moderate

exercise at 50% maximum heart rate (94). This group did

not find any change in leptin production in the abdominal

adipose tissue using an arteriovenous balance technique.

Hickey et al. measured serum leptin before and after a

20 mile treadmill (TM) run at 70% VOzmaX in thirteen male

subjects (42). These authors found no acute effect of

exercise on leptin levels. Because leptin levels in these

subjects were initially low, the ability to measure a

difference after exercise may have been impaired. Melanson

et al. designed a study to assess appetite and glucose

profiles after glycogen depleting exercise (76). In

addition they measured plasma leptin levels. The authors

did not find any differences in plasma leptin levels in ten

men after one hour of moderate (50% VOzmax) bicycle

exercise, the day after glycogen depleting bicycle

exercise.
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Koistinen et al. investigated the effect of exercise

on serum leptin in nine healthy, young, lean men and eight

type one diabetic, young, lean men (58). Each subject

pedaled on a cycle ergometer for 3 hours at 450-600

kpm/min. Serum leptin significantly decreased 42% in the

healthy subjects and by 23% in the diabetic subjects. The

decrease in serum leptin (12%) in separate control groups

(who did not exercise) was significantly different from the

healthy subjects, but not the diabetic subjects. The

authors hypothesized the difference between the normal and

diabetic subjects could have been secondary to insulin

differences between the groups. However, the authors also

considered the possibility that type I diabetic patients

may be more resistant to exercise-induced falls in leptin.

Landt et al. examined the relationship between serum

leptin and exercise in two different ways (62). One part

of their study involved measuring leptin before and after a

one-hour bike ride at 75% th max in twelve males. There

was no mention of previous physical activity in these

subjects. Under these conditions, the authors did not find

changes in leptin levels. In the second part of their

study, Landt et al. found that leptin levels decreased in

fourteen men after an ultramarathon run (101 miles). The

average decrease in leptin concentration was 32%. Leptin
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before the race was 2.64 : 0.94(SD) ng/ml vs 1.8 i 0.45

ng/ml after the race.

Hilton et al. investigated the effect of carbohydrate

availability on leptin levels during acute exercise in

nine, young, sedentary men (48). Each subject underwent a

control session and four exercise bouts. Two exercise

bouts were at 50% V02max and two were at 70% V02max- At

both exercise intensities, there were two levels of energy

availability. During the high carbohydrate availability

bout, subjects consumed a dextrose solution equivalent to

the exercise expenditure amount (30kcal/kg of lean body

mass). During the low carbohydrate availability bout

subjects consumed a placebo solution. Leptin decreased

with exercise compared to the control session, and the

authors concluded carbohydrate availability predicts the

leptin response to acute exercise. Specifically, for every

1 kcal/kg of lean body mass of carbohydrate availability

increase, leptin decreased 0.07 ng/ml. Although this

relationship was found to be significant, it was pretty

short-lived, as the authors found leptin levels increased

towards baseline after about two hours post exercise.

Three investigative groups measured leptin levels

before and after a marathon race. Leal-Cerro et al. found

leptin to be significantly decreased in young, lean males
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(2.9 ng/ml vs 2.6 ng/ml) (64). The authors felt this

decrease was underestimated because they did not adjust for

the hemoconcentration that occurred. In contrast, Tuominen

et al. found similar baseline serum leptin levels before

and after a marathon in twelve men (123). However, they

found leptin levels increased 35-45% during an euglycemic,

hyperinsulinemic clamp study. Therefore, these authors

concluded that leptin was correlated with the increased EE

under maintained insulin conditions.

Similarly, Koistinen et al. assessed leptin levels in

fourteen healthy, lean males, and seven (one female, six

males) type one diabetic patients before and after a

marathon (58). No differences in leptin levels were found

after the marathon compared to baseline values in either

group. The authors hypothesized any small changes in

leptin with exercise may have been masked by other

variables. For example, increased cortisol, which in

animals has been shown to increase ob mRNA and leptin

secretion, could counterbalance an exercise-induced

decrease in leptin (58). Kolaczynski et al. hypothesized

the lack of change could have been due to food intake

during the marathon, since small amounts of glucose appear

to prevent the decrease in leptin with fasting (59).
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Five groups measured leptin levels for extended time

periods after an acute exercise bout to assess any delayed

response secondary to exercise. Torjman et al. measured

serum leptin levels in six, lean, untrained males during a

control session and before and after prolonged TM exercise

(one hour at 50% of V02max) (120). Blood samples for the

two sessions were taken every hour, for four hours, at the

same times on the two different days (SE 1 6-7 minutes).

Although they found a decrease in leptin levels four hours

after the exercise, the decrease was not significantly

different from the control group.

Duclos et al. found leptin levels in lean men were

significantly decreased after exercise (120 minutes of

running 65-75% of VOZmax) and a rest period (two hours)

compared to a control day under similar conditions minus

the exercise (1.7 i 0.1 (SE) vs 2.5 i 0.2 ng/ml) (25).

This decrease corresponded to an average 30% decrease

(range 9.5-45.8). The authors believed these results

provide evidence for exercise influencing leptin levels on

a more long—term basis as opposed to the other short-term

assessments when studied by others.

Tuominen et al. measured serum leptin before and after

an euglycemic, hyperinsulinemic clamp on two different days
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(124). About 44 hours prior to one day, fourteen, lean men

performed glycogen depleting exercise. The glycogen

depleting exercise consisted of about two hours of TM

exercise at 75% of VO2maX. The authors found decreased

(~32%) basal (preclamp) leptin levels after the glycogen

depleting exercise. In addition, they found increased

leptin levels with hyperinsulinemia, regardless of initial

(preclamp) leptin.

Essig et al. measured plasma leptin before and after

TM exercise at 70% VOZmax in eleven, lean, moderately

trained male subjects (28). Significant decreases (~30%)

in leptin were not observed until 48 hours after the

exercise.

van Aggel-Leijssen et al. assessed the relationship

between leptin levels, EE, and exercise (125). Eight,

lean, young, previously sedentary men were studied under

four different conditions: no exercise/energy balance (E-

/EBO), exercise/energy balance (E+/EBO), exercise/negative

energy balance (E+/EB-), and exercise/positive energy

balance (E+/EB+). The exercise consisted of biking on a

cycle ergometer for a total of two hours (4, 30 minute

bouts) at 50% VOZmax- Plasma leptin samples were obtained

every hour during the day and every two hours during the
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night for 24 hours. The authors found weighted 24 hour and

peak plasma leptin were significantly lower (~20%) in the

E+/EBO trial than the E-/EBO trial. Their main conclusion

was exercise has a delayed effect on plasma leptin levels,

evident in a 24—hour measurement.

Exercise training and leptin in men

Pasman et al. found significantly decreased plasma

leptin levels in seven weight-reduced obese, older males

after ten months of a 16-month training program compared to

a control group that did not exercise (5.6 i 2.5 (SD) vs

8.9 i 3.8 ng/ml) (89). The two groups did not differ with

respect to body weight or BMI. The differences in leptin

persisted to the end of the program (16 months). When a

multiple regression analysis was performed, the authors

found changes in insulin and changes in percent body fat

explained 44% of the leptin variance. With addition of

number of training hours into the regression model, 61% of

the variance in leptin could be explained.

Summary of the relationship between exercise in men and

lgptin

Even though some studies show an effect of exercise on

plasma leptin levels, the majority, do not. Many studies

that found a relationship had exercise bouts that were

either prolonged or very intense. It is possible the
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studies did not show an effect of exercise due to study

design limitations i.e., small sample sizes, inadequate

methods of sampling, or because they only studied men.

However, the study by van Aggel-Leijssen, et al. was very

powerful because they measured leptin over 24 hours and

found an effect when the subjects were in energy balance

(125). Nevertheless, it is currently unknown if a 30%

difference in leptin levels is physiologically significant.

Cross-sectional studies of sedentary and_physically¥active

 

De Silva et al. assessed the relationship between

physical activity and leptin in women (23). Their 359

subjects were a subgroup of the Geelong Osteoporosis study.

Subjects were subdivided into three activity groups (low,

medium, and high) after completing a self-administered

questionnaire. After adjustment for age and BMI, physical

activity levels did not appear to significantly alter

leptin levels.

Clapp and Kiess measured serum leptin in 31 lean women

before and during pregnancy (16). They subdivided the

women into three groups. The first group consisted of an

intermittently physically active group (with no regular

weight—bearing exercise). The second group was called the

“stopped exercise group” because subjects decreased their
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pre-pregnancy activity by greater than 60% by 30 weeks of

pregnancy. The third group consisted of a continued

physically active group who exercised Z 4 times/week, for Z

40 minutes a session, at an intensity of Z 55% of VOZmax-

The authors found preconceptional leptin levels were lower

in the two weight bearing exercise subgroups compared to

the intermittently active subgroup, but the differences

were not significant after controlling for FM. They also

found the magnitude of leptin increase with increasing

gestation was significantly reduced in the continued

physically active group compared to the intermittently

active group. Clapp and Kiess hypothesized this was due to

an exercise-induced decrease in fat accumulation.

Thong et al. compared plasma leptin in female athletes

(119). The authors found no difference between leptin in

regularly cycling elite athletes (n = 8) comparedto

regularly cycling recreationally active women (n = 13)

after controlling for body fat. However, they found

decreased leptin in amenorrheic, elite athletes (n = 5)

compared to the regularly cycling athletes. This decrease

persisted after adjusting for adiposity.

Four studies compared baseline leptin levels between

exercise trained and sedentary women. Tataranni et al.

studied leptin in four groups: eumenorrheic sedentary
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(n = 7), eumenorrheic trained (n = 14), anovulatory trained

(n 7), and amenorrheic trained women (n = 6) (117).

After adjustment for percent body fat, there were no

independent effects of exercise training on leptin.

In contrast, Laughlin and Yen found leptin levels in

sedentary women to be 3-4 times as high compared to those

of athletes (63). These results could not be fully

explained by differences in body fat. Clapp et al.

investigated leptin levels in sixteen trained and sedentary

women prior to pregnancy (15). They found leptin levels to

be about doubled in the sedentary women (average 6.2 i

1.0(SEM) ng/ml) compared to exercise trained women (average

2.5 i 0.5 ng/ml). The authors did not report if the

difference was independent of adiposity. Ryan and Elahi

measured baseline plasma leptin in 42 trained female

athletes (average 4.0 ng/ml) and twelve sedentary female

controls (average 12.6 ng/ml) (101). They found plasma

leptin to be higher in controls compared to the athletes

even after adjusting for percent body fat.

Acute exercise and leptin in women

Only four studies have assessed the relationship

between acute exercise and leptin in women. Dirlewanger et

al. measured leptin levels in eleven, healthy, lean,

previously sedentary, subjects (4 men and 7 women) three
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different times (24). Each session lasted three days and

samples were collected on the fourth morning. The first

session was considered the control, which consisted of an

isoenergetic diet and no physical activity. The second

session was designed to achieve a moderate negative energy

balance. Each subject maintained the same diet and biked

two times a day for 30 minutes at 60 watts. The third

session consisted of increasing food intake to cover the

estimated cost of the exercise. Although leptin levels

decreased after the second session (moderate negative

energy balance), the change was not statistically

significant. In fact, there were no significant

differences among any of the three sessions (8.64 i 2.22

(SEM), 7.17 i 1.66, 7.33 i 1.72 respectively).

Kraemer et al. compared the effect of exercise on

serum leptin levels in fifteen non—obese, postmenopausal

women (61). Subjects were studied on two occasions. At

the first study session, subjects performed 30 minutes of

TM exercise at 80% Vozmax. A month later, the subjects had

their blood drawn at similar times as on the first day, but

did not exercise. Kraemer et al. found leptin decreased in

both sessions to the same degree. Therefore, they

concluded there was no exercise-associated decrease in

serum leptin levels.
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Hilton and Loucks evaluated the relationship between

exercise, energy availability, and leptin in sixteen

previously sedentary women (47). These authors subdivided

the subjects into sedentary and exercising groups. Women

in both groups were studied on two occasions: under

conditions of energy balance and under conditions of low

energy availability. The results did not show a decrease

in the 24—hour mean nor the amplitude of the diurnal leptin

rhythm due to exercise alone. However, there appeared to

be an interaction effect between physical activity status

and energy availability, because only sedentary women

showed a significant decrease in diurnal amplitude under

conditions of low energy availability.

In contrast to the results of Hilton and Loucks (47),

Kern et al. found serum leptin levels were significantly

decreased after a 30 minute cycle exercise at 70% VOZmax in

eight, young, lean, minimally active women (56).

Furthermore, they found no significant differences in the

magnitude of the decrease with either high fat (-12.2%) or

a high carbohydrate diet (-1l.3%).

Exercise training and lgptin in women

Six studies have measured leptin after an aerobic,

exercise training program performed by previously sedentary

women. Kohrt et al. was the first group to study the
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relationship between exercise training and leptin (57).

Sedentary women were divided into four groups: sixteen

sedentary women, seventeen exercising women, fifteen

sedentary women on HRT, and thirteen exercising women on

HRT. The eleven-month exercise program consisted of two

months of flexibility training, followed by nine months of

exercise. The subjects exercised three times per week,

working up to 40-45 minutes at 80-85% max heart rate.

Kohrt, et al. did not find any effect of HRT on leptin

levels, so they combined the women into two larger groups

of sedentary women and exercising women. Initially, it

appeared as if training did not affect leptin levels.

However, after subdividing the exercisers into tertiles

based on fat content, the authors found a significant

difference in the ratio of leptin/FM before and after

exercise in the tertile with the most fat.

Hickey et al. examined serum leptin levels before and

after a 12—week exercise program in nine, sedentary females

and nine, sedentary males (44). The exercise program

consisted of supervised exercise four days per week, with

subjects working up to 85% of their VOZmax for 45 minutes by

the end of the twelve weeks. This group found serum leptin

significantly decreased (17.5%), but only in females.

Since FM was not altered with this training program, it
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cannot explain the significant change in leptin

concentration.

Perusse et al. examined the effect of acute exercise

and training on plasma leptin levels in sedentary women

(91). This group studied 97 previously sedentary

individuals (46 women and 51 men) before and after a 20-

week training program. The training program consisted of

cycling on a computerized cycle ergometer three times a

week increasing towards 75% VOZmaX by the end of the 20

weeks. Leptin was measured before and after training: at

rest, with acute exercise (50 watt cycle exercise), and

after an aerobic capacity test with the cycle ergometer.

The authors said they found “no meaningful acute or chronic

effects of exercise, independent of body fat.” Although

they did mention they found a gender difference, the

authors did not elaborate on the significance of the

results in women. By analyzing their table of results, it

appears as if after controlling for FM, there was a main

effect of training on leptin values during an acute bout of

exercise and at VOZmax.

Christensen et al. assessed the relationship between

serum leptin and one of three interventions in 121

overweight, postmenopausal women (14). The women were
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randomized into one of the following three groups for

twelve weeks: low energy diet, low energy diet and exercise

program, or no intervention. The authors did not find any

additional effect of exercise on serum leptin compared to

those induced by diet alone (probably secondary to weight

losses).

Kraemer et al. measured serum leptin in sixteen older,

obese women before and after a nine—week aerobic training

program (61). Despite increases in aerobic fitness, the

authors found no differences in serum leptin.

Okazaki et al. measured plasma leptin in 41 middle-

aged, sedentary, Japanese lean and obese women before and

after a 12—week intervention that included diet counseling

and aerobic exercise (85). Plasma leptin decreased

significantly from 14.7 i 5.3 (SD) to 8.9 i 3.6 ng/ml in

the obese group and from 7.6 i 3.9 to 5.6 i 2.2 ng/ml in

the lean group. This effect was still significant after

controlling for BMI. Due to the design of the study it

cannot be determined if the changes in leptin were

secondary to the exercise training program.

Houmard et al. measured plasma leptin levels in

sixteen, lean young subjects (nine women and seven men) and

fourteen relatively lean, older subjects (eight women and

six men) before and after a seven-day exercise training
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program (49). Seven days was chosen in order to increase

insulin sensitivity without changing body mass or

composition. The subjects exercised for one hour, for

seven consecutive days on a cycle ergometer at 70-75% of

VO2max. The authors reported no differences in plasma

leptin with short-term training in either group.

Furthermore, when subdivided by gender, similar results

were obtained.

At present, there has only been one training study

assessing the effect of resistance training on plasma

leptin levels. Ryan et al. did not find any differences in

plasma leptin after sixteen weeks of resistance training in

eight obese postmenopausal women who did not lose any

weight with the training (100). In contrast the authors

found decreased (36%) leptin levels in seven other obese

postmenopausal females who did lose weight with the

resistance training. The authors concluded there was no

independent effect of resistance training on leptin levels

in this study population.

Summary of the relationship between exercise in wamen and

lgptin

Results from studies in women are more mixed than the

results from those performed with men. Some studies found

a relationship between leptin and exercise training status,
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while others did not. Even though there were no positive

relationships found between acute exercise and leptin, all

studies were done in apparently sedentary women.

Many studies have shown leptin levels in lean,

sedentary women are significantly higher in the luteal vs

follicular menstrual phase. Only five of the above

mentioned exercise studies reported the menstrual phase in

which leptin was measured. In three of four studies,

leptin was measured at different times during the menstrual

cycle. Recently, Thong et al. compared plasma leptin

levels in lean athletes during both phases of the menstrual

cycle (119). These authors also found leptin was greater

during the luteal phase compared to the follicular phase.

Study results would likely be biased towards the null

hypothesis due to lack of control for menstrual status. It

would be interesting to know if the relationship between

menstrual phase and leptin also exists in overweight or

obese women and if the relationship is modified by training

status.

Clinical Significance

Many health problems are negatively affected by

underlying overweight or obesity. Investigators have high

hopes that recombinant leptin given to humans might result

in body weight reductions. Although information from

51



clinical trials will shed light on the weight regulation

issue, it is also necessary to learn more about what

factors interact with leptin under normal physiological

circumstances. In the long run, understanding more about

the factors involved in weight regulation may eventually

lead to decreased incidence of overweight and obesity in

women.

PRELIMINAR! STUDIES

I acquired blood samples from four young women of

varying adiposity, before and after a 24-hour fast. These

samples were used as a positive control to estimate my

ability to measure a change in leptin levels in young

women. I also gathered venous blood samples from four

women in both phases of their menstrual cycles. These

samples provide evidence of my ability to measure a change

in leptin levels in two different menstrual phases. In

addition, I acquired venous blood samples from two women

who ate a standardized meal, and then a double quantity of

the same standardized meal (on two consecutive days).

These samples provide evidence of my ability to measure an

increase in leptin levels after an increase in food intake.

Minimal pilot data were also collected to assess the effect

of acute exercise, pregnancy, timing of blood draws, and
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meal composition. (Appendix A provides more details of

these preliminary studies.)

RESEARCH DESIGN AND METHODS

Subjects

Subjects were obtained from the female students

attending Michigan State University, as well as members of

the surrounding communities via fliers, word of mouth, and

e-mail. The protocol was approved by the University

Committee for Research Involving Human Subjects. Each

subject received a detailed oral and written description of

the study before providing written informed consent. (See

Appendix B for more details.) Subjects were a) apparently

healthy, b) between the ages of 18-30 years, and c) had

self-reported regular menstrual periods (22-32 days/cycle).

Subjects were excluded if: a) they had taken oral

contraceptives during the past 6 months, b) they were

current smokers or had smoked a significant amount in the

past year, c) their weight had changed more than two

kilograms in the three months prior to the study or d) they

had any known thyroid, renal, cardiac, or hepatic disease,

diabetes, or eating disorder. In addition, subjects were

asked about family history of thyroid problems. The

initial plan was to recruit twenty subjects into each of

four study groups. Groups were defined as follows:
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Group 1 Low BMI and Exercise trained (LE)

Group 2 High BMI and Exercise trained (HE)

Group 3 Low BMI and Sedentary (LS)

Group 4 High BMI and Sedentary (HS)

For the purposes of this study, the following definitions

were used to classify subjects:

Low BMI: BMI 18-22 (kg/m2)

High BMI: BMI 25—29

Exercise trained: activity 3 5 days per week, 3 30 min/day,

Z 6 MET level (for the past year), OR activity 3 3 days per

week, 3 1 hour/day, Z 6 MET level (for the past year)

Sedentary: activity 5 3 days/week, < 20 min/day, < 4 MET

level (for the past year)

Note: 1 MET is equivalent to REE. Most commonly, 1 MET is

accepted to be equivalent to 3.5 ml of 02*kg-1*min_1. For

example, for a 59kg woman, backpacking, basketball, cycling

(10mph), medium intensity aerobics, field hockey, rowing,

running, soccer, or swimming are some activities that are

greater than 6 METs. Cooking, slow bicycling (5mph), food

shopping, housework, or walking (2.5mph) are examples of

activities that are less than 4 METs (75).

Brief overview of protocol

Lab Visit #1:

0 .Aerobic capacity test

0 Discussion of other study details:
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0 ovulation kits

0 food records and food frequency questionnaires

(FFQ's)

Lab Visits #2 and #3 (Menstrual phase visits):

Visits #2 and #3 involved identical protocols but at two

different times in the subject’s menstrual cycle. One

visit was mid-follicular (4-6 days post start of menses)

and one visit was mid-luteal (6-8 days post-ovulation).

The order of completion of the mid-follicular and mid-

luteal visits was by convenience.

0 Pre—test standardized meal, followed by a 12-hour

fast

0 .Anthropometric measurements

0 Resting Energy Expenditure (REE) measurement

0' Measurement of Residual lung Volume (RV)

0 Estimate of body density via underwater weighing

0 Venous blood draw #1

0 .Acute exercise bout

0 Venous blood draw #2
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Aerobic capacity test

Each subject performed an aerobic capacity (VOZmax)

test on a motorized TM (SensorMedics; Yorba Linda, CA).

This test is recognized as the criterion measure for

determining an individual’s cardio-pulmonary (aerobic)

fitness, and is highly correlated with physical activity in

most adults.

This test was done for two reasons. First, it helped

confirm each subject’s physical activity status (sedentary

vs exercise trained). Second, the maximal oxygen

consumption values were used to standardize future acute

exercise bouts among the subjects.

The protocol for the aerobic capacity test began with

subjects walking 2.0 miles*hr-l. Workload was increased by

1.0 mile*hr—l at two minute intervals until TM speed reached

6.0 miles'hr-l. If the subject was still running, speed

remained constant while elevation was increased by 3% per

minute until she could no longer continue and terminated

her effort due to volitional exhaustion.

During the treadmill test, each subject had her

expired respiratory gases measured continuously by the

open-circuit method. Oxygen consumption (V02) and carbon
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dioxide (VCO2) production were calculated according to

standard equations via the Sensormedics metabolic cart. In

addition, each woman's heart rate (HR) was measured using a

telemetry system (Polar Vantage; Gays Mills, WI). Since

there is little to no effect of menstrual cycle on women’s

VOZmax values (4), each subject only completed one VOZmax

test at her convenience.

Ovulation kits

Day of ovulation was estimated from evidence of LH

surge in the urine (Oquuick; Quidel Corporation). This

urine test has been shown to be a valid indicator of

ovulation when used at home by normal women with regular

menstrual cycles and when it is compared to serum hormone

levels (LH and progesterone) (79). (See Appendix C for the

instructions given to the subjects on how to use the

Oquuick kit.)

Food records and Food Frequency Questionnaire (FFQ)

Before each of the menstrual phase visits, subjects

were asked to complete a 3-day food record (including two

weekdays and one weekend day) and a FFQ. The food records

were completed in order to document if there were any

differences in the amount or types of foods eaten in the

different groups around the time of the study. The FFQ was

57



completed in order to assess any differences in amount or

types of foods eaten in the different groups during the

year prior to the first menstrual phase visit. (Appendix D

contains the written instructions given for how to complete

a food record, a size approximation sheet, a sample food

record, and information about the FFQ.)

Pretest standardized.meal, followed by 12-hour fast

On the night before the menstrual phase visits, the

subjects were asked to eat a standardized, nutritionally

balanced meal provided by the investigator. The meal was

standardized by each individual's weight and physical

activity level. Each meal was designed to have very

similar composition with respect to percent carbohydrates,

protein, and fats. The mean percents and ranges were

55.07% (52-61%), 17.79% (15—21%), and 28.79% (24-33%)

respectively. (See appendix E for details of the

standardized, nutritionally balanced meals.) After

completion of the meal, subjects were asked to fast for the

next 12 hours prior to the study. Subjects were allowed to

drink water ad libitum.

Subjects began all other test procedures at either 8

AM or 8:30 AM. This test time was chosen to help control

for diurnal variation in plasma leptin levels (102, 111).

58



Anthropometrics

Upon arrival at the laboratory, each subject had her

height (to the nearest 0.1 centimeter) measured via a wall

mounted stadiometer. In addition, each subject had her

weight (to the nearest 0.1 kg) determined via a beam

balance scale.

Resting Energy;§§penditure (REE)

Each subject rested in a semi-recumbent supine

 

position in a comfortable room (ambient temperature (Ta)

~24°C and relative humidity ~35%). REE was determined via

indirect calorimetry (SensorMedics; Yorba Linda, CA).

Briefly, the subject breathed into a clear, unobtrusive,

plastic face mask. Air flow was set at ~40-60 Irmin-l, and

the subject “diluted” the air passing over her face. The

subject performed the REE test for 30 minutes. However,

the first 20 minutes of data were excluded to allow for

stability of the woman’s metabolic rate. Previous

experience with this technique has yielded minute to minute

coefficients of variation of <5% (unpublished observations

of Dr. James Pivarnik).

Body composition

Following the REE test, each subject donned a bathing

suit and had her body composition estimated via
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hydrodensitometry. This technique involved submersion and

measurement of weight after the subject was underwater and

had completely exhaled (1). Each subject completed a

variable number of trials until they had three measurements

that were within 1/8 of a pound. The three highest values

were averaged and used for her underwater weight. This

weight was then entered into an equation to estimate body

density. Body density was then converted to percent body

fat, using a modified Siri equation for women (51).

The largest potential source of error with the

hydrodensitometry technique is inaccurate estimation of an

individual’s residual lung volume (RV). However, measuring

each woman’s RV via the nitrogen washout technique

minimized this error (127). To allow for a learning

effect, multiple trials were performed, with RV being

considered the average of the two highest values recorded.

The nitrogen washout technique involves expiring

completely, taking six breaths of approximately 100% oxygen

from a bag, then maximally expiring again. (See Appendix F

for the body composition equations and a sample calculation

of residual volume and percent body fat.)

Blood sampligg and assays

Following body composition estimates, the subject

dried off and put on her exercise clothes and shoes. She
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then had a venous blood sample drawn from an antecubital

vein. Sufficient blood (~ 10ml) was obtained to perform

the various study assays. A second blood sample

(~ 10ml) was also obtained immediately after the submaximal

exercise test. Serum leptin levels were determined in

duplicate from both resting and post—exercise samples. The

analysis was performed via radioimmunoassay (RIA)(Linco

Research Inc. St. Charles, MO) (68). (See Appendix G for a

brief overview of the RIA.) In addition, hematocrit was

determined from both resting and post-exercise samples.

This was done so that changes in leptin could be corrected

for plasma water shifts that may have occurred during the

exercise.

Acute Exercise

Following the first venous blood draw, each subject

performed twenty minutes of TM exercise at a workload 60%

of her previously determined VOmmn{(l). This level of

acute exercise was chosen since it represents a session

typically recommended for the maintenance and/or

development of aerobic fitness in adults (1). Depending on

her aerobic fitness and level of comfort, the woman was

either walking or running during the exercise test.
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Brief statistical methodology

Attention to detail (time of day, standardized test

meal followed by fasting conditions, and separate menstrual

phase cycle testing) all helped reduce within group

variability in the study. But, due to the limited number

of subjects, only basic statistical tests of mean and

standard deviation were performed on this pilot data.

RESULTS

Subjects

E-mail advertising via classroom announcements was the

most effective method of recruitment. Three hundred forty-

five women responded to my advertisements for subjects.

The majority of the respondents did not fit the study

criteria. There were four main reasons why many women did

not fit the inclusion criteria. Despite advertisements

asking for non-smokers and women who were not on oral

contraceptives or Depo Provera, many respondents were

either smokers or were currently taking these medications.

However, the bulk of the ineligible women fell in-between

either the body mass index or the physical activity level

categories.

Forty-two women were identified as being eligible to

participate in the study. Fourteen came in for the first

lab visit (the VOZmax test). Eight women completed one
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menstrual phase visit. Six subjects completed the luteal

menstrual phase visit and seven subjects completed the

follicular phase visit. Five women completed the entire

protocol.

Five women who only completed the V02max test were

Caucasian and one was Hispanic. Of the three women who

only completed one menstrual phase visit, two were

Caucasian and one was Asian. Of the five women who

completed the whole protocol, three were Caucasian

Americans, one was Romanian, and one was African American.

22.23.822.91."

Demographic information of the fourteen women who

completed the V02max test can be found in Table 1. The

fourteen women were subdivided by group, seven in the LE

group, three in the LS group, and four in the HE group.

Two women that fit the criteria for the HS group were

recruited, but they did not participate in the study due to

scheduling problems. The mean age of subjects at the VOZmax

visit was 22.5 i 3.35 (SD) (range 19-27). There were no

changes in classification or eligibility of subjects after

measurement of BMI (recruitment was primarily based on

reported heights and weights). The average BMI for the LE

and LS groups was about in the middle of the desired range.
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However, the average BMI of the HE group was at the low end

of the desired range.

The mean fitness levels between groups were similar,

ranging from good to superior, according to the American

College of Sports Medicine classification system (1).

Despite the fact that the women in the LS group did not

exercise on a regular basis, they were still physically

fit.

Other demographic data

The remainder of the data was collected during

separate menstrual phases. Due to small sample sizes,

Tables 2 and 3 present primarily individual demographic

information for the respective menstrual phases. As

expected, age, height, weight, and BMI were similar at the

various time points.

Percent fat, FM, and FFM were also similar within

individual subjects between menstrual phase visits.

Percent fat for all individuals in the LE group ranged from

14.0-25.2%. Percent fat for all individuals in the LS

group ranged from 11.4-26.4%. Percent fat for all

individuals in the HE group ranged from 22.5—28.8%.

Figure 1 shows the relationship between leptin and fat

mass during the follicular menstrual phase. As fat mass

increased in five individuals their leptin levels tended to
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increase. However, values from two individuals did not fit

this relationship. No comparison can be made between

sedentary and exercising women as there was only one

sedentary subject who completed the follicular menstrual

phase visit. The relationship between leptin and percent

fat was almost identical (data not shown).

Figure 2 also shows the relationship between leptin

and fat mass, but in the luteal menstrual phase. The

positive relationship between leptin and fat mass was more

distinct during the luteal menstrual phase. Although the

sample size is limited, the relationship may be different

between sedentary and exercising women. These

relationships between leptin and percent fat were almost

identical (data not shown). As expected there was no

relationship between leptin and fat free mass in either

menstrual phase (data not shown).

The timing of the blood draws was consistent for a

given individual (data not shown). The average difference

between the time of the first blood draw between menstrual

phases for a given individual was 2 i 2 minutes (range 2-5

minutes). The average difference between the time of the

second blood draw between menstrual phases for a given

individual was 8 i 6 minutes (range 5-17 minutes).
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The timing of the blood draws between individuals was still

similar, although not as tight as within individuals (data

not shown). The average time of the first blood draw was

9:46 AM i 23 minutes (range 9:12—10:19 AM). The

average time of the second blood draw was 10:25 AM i 20

minutes (range 9:53-10:52 AM).

Twenty-three food records and six food frequency

questionnaires were completed and returned. These were not

analyzed due to time constraints of the individuals who

originally agreed to assess them.

 

Resting energy ggpenditure

Daily resting energy expenditure ranged from 1315-

1488, 1267—1335, and 1541-1778 kcal/day for all individuals

in the LE, LS, and HE groups respectively. Figure 3

provides little evidence in support of a relationship

between leptin and REE during the follicular phase. Not

only do the two individuals with the highest and lowest REE

have similar leptin levels, but there are also three

individuals with similar REE’s, yet very diverse leptin

levels. Figure 4 shows a similar result during the luteal

menstrual phase.

Since REE is most strongly determined by FFM and

leptin is most strongly associated with FM, I chose to

reevaluate the relationship between REE and leptin after
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controlling for these variables. Figure 5 shows this

relationship during the follicular menstrual phase. After

controlling for body composition, there appears to be a

negative relationship between L/FM and REE/FFM.

Again, comparisons cannot be made between sedentary

and exercising women because there was only one sedentary

subject studied in the follicular menstrual phase. Figure

6 shows a similar negative trend. Once again, the

relationship may be different between sedentary and

exercising women.

Menstrual phase

Although five women completed both menstrual phase

visits, leptin values for one woman was discarded because

the coefficient of variation between the duplicate samples

was greater than ten percent. Table 4 shows serum leptin

levels for the four individual subjects. Although serum

leptin was higher in the luteal phase compared to the

follicular phase for three out of the four subjects, the

absolute differences were very small and the percent

differences were variable. Leptin/FM measured during the

luteal phase was also greater in three out of four

subjects. There were too few subjects in each group to

make any comparisons between groups.
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Exercise

Individual serum leptin levels before and after

exercise during the follicular menstrual phase are shown in

Table 5. Leptin slightly decreased in four of seven

subjects (range 0.2-1.55 ng/ml). In the LE group (n = 3)

there was an average decrease in serum leptin of 0.35 ng/ml

after exercise. In the HE group (n = 3) there was no

average change in leptin levels after exercise.

Individual serum leptin levels before and after

exercise during the luteal menstrual phase are shown in

Table 6. Leptin decreased a small amount in four of five

subjects (range 0.2—2 ng/ml). In the LE group (n = 2)

there was an average decrease in serum leptin of 0.2 ng/ml

after exercise. In the LS group (n = 2) there was an

average decrease in serum leptin of 0.6 ng/ml after

exercise.

The effect of chronic exercise on leptin levels could

only be assessed in the luteal menstrual phase because

there was only one sedentary subject who completed the

follicular phase visit. Pre-exercise and post-exercise

serum leptin levels were higher in LS subjects (n = 2)

compared to LE subjects (n=2).
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DISCUSSION

General

Scheduling problems were the main reason why women did

not complete the protocol. The short window of opportunity

for the menstrual phase visits (days 4—6 and days 7-9 post-

ovulation for the follicular and luteal visits

respectively) made it difficult to schedule the visits in a

timely fashion. Scheduling was also limited by morning

kinesiology classes in our lab and school vacations. If

the window of opportunity was missed, then we had to wait

another month for the next potential test date.

Subjects needed to inform me of the first day of their

menses or the day they had a positive ovulation test in

order for me to schedule the visit on time. Despite the

fact that I stressed the importance of keeping me up to

date on where they were in their cycles, most subjects had

trouble remembering to either let me know when they had

started their period or they forgot to begin the urine

tests on the appropriate days. For all but one subject who

completed the protocol, I had to keep track of the dates

for them and remind them almost immediately ahead of time

that we needed to schedule the visits soon.

The short turn around time between notification and

the potential study date made it hard to schedule the
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actual visit. This was primarily because I had to arrange

for four people to be present at one time or another during

any menstrual phase visit (the subject, two study

assistants, and me). The second assistant was needed

initially to handle the venous blood draws, but later to

supervise my venipunctures. The original plan was for me

to eventually be able to take the blood samples myself, but

due to the small sample size this did not occur.

Studies have shown dissociation between leptin and FM

when subjects were not in energy balance i.e. with fasting,

weight loss, or overfeeding (45). Perhaps the two

subjects, who appeared to be outliers in Figure 1, showing

the well—established positive relationship between leptin

and fat mass, were not in a similar state of energy balance

as the other subjects. Furthermore, Hamann and Matthaei

reported that a small subset of individuals in which FM and

plasma leptin are not correlated exist (35).

Fox, et al. cited many studies that have not found

ethnic variation in leptin levels (31). Differences were

not found between 1) White, Afro—Caribbean and Asian

subjects with type II diabetes, 2) African American and

white children, and 3) Mexican American and non-Hispanic

white adults. In contrast, they cited a study by Lu, et

al., which found a difference between Indians and Creole or
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Chinese population of Mauritius. Nicklas, et al. also

found differences in plasma leptin between Caucasian and

African American obese postmenopausal women (82). It is

conceivable that any differences in leptin levels among

individuals of diverse ethnic backgrounds may be secondary

to ethnic diversity of leptin concentrations.

Since the study of Schoeller et al. provided evidence

that the diurnal variation of leptin could be secondary to

meal timing, it was important to control for this potential

effect. However, the standardized meal may have modified

leptin levels if the meal was not representative of each

woman's normal diet i.e., if the quantity was more or less

than usual. Nevertheless, Paolisso et al. did not find any

significant relationships between plasma leptin and food

intake during the follicular, periovulatory or luteal

phases of the menstrual cycle in sixteen, healthy, lean,

sedentary, young women (88).

Waditure

The data suggest a negative trend between L/FM and

 

REE/FFM. As L/FM increases, REE/FFM tends to decrease.

Flier et al. has suggested that leptin is not really a

molecule that signals satiety, but rather one that plays a

role in the prevention of starvation (30). Based on the

limited understanding of leptin's function, such a
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relationship appears to be opposite of what is expected

(34, 90).

The relationship between leptin and REE may be

influenced by exercise training status. However, limited

sample size prevented this assessment in the present study.

Menstrual phase

Similar to Thong et al., our study results

demonstrated interindividual variation of leptin levels

from different menstrual phases (119). Differences in the

four subjects ranged from a 2.8% decrease to a 32.8%

increase. Together, these data support potential

differences in how leptin levels vary between exercise

trained and sedentary individuals with respect to the

menstrual cycle.

Since leptin levels vary with short term fasting and

acute overfeeding, variation in leptin levels during the

menstrual cycle could be secondary to differences in

caloric intake. Gathering data about each subject’s normal

nutritional habits (via food records and food frequency

questionnaires) was part of the original study design to

assess this possibility. Future analysis of the food

records from the two time points could demonstrate whether

differences exist.
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Mechanistically, increased leptin could be secondary

to increased production or decreased elimination.

Increased production could be secondary to release of

leptin from the ovary during the luteal menstrual phase.

Furthermore, exercise training could modify this production

of leptin by the ovaries.

Although there appears to be a relationship between

menstrual phase and leptin levels, the physiological

significance of such a difference is not known. Many

studies have not shown a relationship between leptin and

sex hormones (12, 72, 93, 96, 122). Current thinking is

that leptin is not solely responsible for pubertal

development or reproductive function (2). Rather, leptin

is thought to play some permissive role, perhaps by

providing signals of adequate energy levels.

Exercise

This study did not show significant exercise-induced

changes in leptin levels. Although four of seven women

during the follicular phase and four of five women during

the luteal phase had decreased leptin levels after exercise

compared to before exercise, most changes were minimal. It

is probable the intensity and duration of the exercise in

this study was insufficient to induce large changes in

leptin levels in an acute setting.
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Similar to many of the previous exercise studies,

single fasting samples were used. However, the

relationship between leptin and exercise may not be

recognized acutely. Perhaps if measurements were made

serially over extended times, larger decreases in leptin

could have been observed. Others have documented this type

of delayed effect (25, 28, 125). Essig et al. hypothesized

the delay may correspond to the time required to induce

changes in gene expression (28). Ideally, subjects would

enter a clinical research center and have leptin levels

monitored over 24-hours or longer.

It is conceivable that there is no relationship

between leptin and acute exercise in young women. Hickey

et al. pointed out that documented responses to exercise

have been very small when compared to the responses with

similar caloric deficits in fasting studies (43). No

relationship between leptin and acute exercise would

support the hypothesis that leptin is more of an

antistarvation hormone than an antiobesity hormone.

However, further research with proper controls is still

needed, particularly involving females.

Recommendations for future studies

Since some studies have shown the leptin decreases

after exercise are equivalent to the decreases seen with an
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extended fast, it is important to have control subjects who

undergo similar timing of blood sampling, but no exercise.

In addition, future studies should include repeated

measurements of a subsample of subjects under similar

conditions to assess for intra-individual and day-to-day

variation.

Secondly, few acute exercise studies have determined

if the subject was in positive or negative energy balance

at the time of measurement. It would be beneficial to

either have this information or control for energy balance

as van Aggel—Leijssen et al. did in their study with male

subjects (125). In their study subjects were studied under

four different conditions: no exercise/energy balance (E-

/EBO), exercise/energy balance (E+/EBO), exercise/negative

energy balance (E+/EB-), and exercise/positive energy

balance (E+/EB+). By using this experimental design, the

authors were able to truly assess the effect of exercise

independent of energy balance.

In addition, sometimes the TM speed and grade (at 60%

thmax) calculated from the ACSM (American College of Sports

Medicine) metabolic equations underpredicted the 60% VOZmax

work intensity. Such observations have recently led ACSM to

modify their metabolic equations to use percent of VOZmax
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reserve rather than simply percent V02max when estimating

submaximal workloads (116). Therefore, I would recommend

that future studies use these more recent metabolic

equations.
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.APPENDIXMA: Results of preliminary studies

I acquired blood samples from four young women of

varying adiposity, before and after a 24-hour fast. These

samples are a type of positive control to estimate my

ability to measure a change in leptin levels in young

women. All four subjects had their blood samples drawn

around the time of dinner on the same two days, but

individually staggered approximately fifteen minutes. All

subjects had their blood drawn, ate dinner within one hour

and then fasted for the remainder of the 24 hours. All

four women had markedly decreased leptin levels after the

approximate 24—hour fast. The absolute decreases ranged

from 1.4-7.9 ng/ml. The percent decreases ranged from

62.5-89.3%. The average percent decrease was 77.3%

I also gathered venous blood samples from four women

in both phases of their menstrual cycles. These samples

provide evidence of my ability to measure a change in

leptin levels in two different menstrual phases. The

majority of samples were drawn in the early morning.

Attempts were made to acquire the samples around the same

target days as in the actual study (follicular days 4-6 and

luteal days 6-8). Luteal phase dates were estimated based

on average cycle length rather than actual determination of

ovulation with a kit. All four women had higher leptin
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levels in the luteal phase compared to the follicular

phase. The absolute differences ranged from 1.3-2.1 ng/ml.

The percent increase ranged from 50-301%. The average

percent increase was 77%.

In addition, I acquired venous blood samples from two

women after eating the same standardized meal and a double

quantity of the same standardized meal (on two consecutive

days). These samples provide evidence of my ability to

measure an increase in leptin levels after an increase in

food intake. Leptin levels in both women increased. Of

note, the leptin levels only increased about 60% in the

women with a high body mass index. In contrast, leptin

levels increased by 143% in the woman who had a low body

mass index. This suggests the increase in leptin levels

seen with acute overfeeding may be relative to the amount

the individual normally eats.

No difference in leptin levels was observed after an

acute exercise bout in two different women with high body

mass index. Menstrual phase was not well documented.

Despite this lack of difference in two subjects, I decided

to continue to assess the relationship between leptin and

exercise, thinking that perhaps there was an interaction

effect between exercise status or menstrual phase.
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Leptin levels were also measured in one woman before

pregnancy in the follicular and luteal phases and at about

9 weeks of pregnancy. As expected leptin levels were

markedly increased during pregnancy as compared to

prepregnancy.

Equivocal results were obtained when trying to assess

the effect of changing the time of measurement between the

hours of 7 AM and 11 AM and when trying to assess the

composition of a meal. These equivocal results led to

tight controls for both of these factors.

Some samples gathered for pilot data were rerun with

the second assay for comparison. This was important

because the second assay utilized the normal leptin assay,

whereas the first assay utilized a sensitive leptin assay.

All samples that were repeated had different calculated

leptin levels compared to the values from the first assay.

But, all trends in how leptin was changed were the same.

The differences in calculated values may have been due to

error in the way the assay was performed. This is more

likely to have happened with the first assay, since it was

the first time I had ever performed a radioimmunoassay.

Even though error did occur in the second assay, it was of

a type that was easily corrected because it was detected

early.
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APPENDIX B: UCRIHS information and consent form

 

517m

PMmus-rm

~~-~

ween-em

”I“

all.“

Ifwscanheet future

‘at (517)355-2ieo.g¥ reamm7)¢gi-T171.

MICHIGANSTATE

UNIVERSITY

Septsdeer 21. 199.

1'0 James N. Pivarnik

: 31”)! Sports circle

90-516
R3: 55555: assessment or LEPTIN a: near AID urea errecrse

IN ssnxuranr are TRAINED tonne IONII or vearreb

mum!W:

CAM: - 13,0

APPROVAL ears: or ii/ee

Then-Livers“: Cos-ittee on Research Invol eots' (earns)

review of thiz reject is cowlete.1 as""333.“to“331.. that the

rights and wela of the hm acts appearto headeguagly

retect andm5thodstcohtain reedconsent area r .

reiore,the mam app prcj and s one

listed above.

am: ocem approval is validmfor one calendaryear beginning with

the approval date:shown .Investigatorsplanning to

continue prcjec betxgnd.bg:: green

form (enclosed with riginalegrove?lett r or when a

prolect is renewed)to seekWades?certiticat on. There is a

of tour renewalspegs e. Investigators

wishingtooontinueerojectheyondthe ieeneedtesuhi it

or couplets re ow.

saunas: earns mat reewvi changes int-gooedures invol In-n

. subjects. rior to i tiation of ohangerm111thisis g at

the time o renewal, please use that-Mega

revise an a roved protocol at an 0 time «hiringth

sand yourwrwrtten reguestmto the Chair stingrevised

gproval and rgferen“c ti prcjegg's m .rendgititle.1.1ncled

r as a scr on change and revs

ins M's? consentttor'lesp or advertisements thaEnyare applicable.

Ml

oneness: Should either of the toll arisedur

York, investigatortaéghnoc‘t’térfm‘13:."m.preqtly:1f1):55”lea

unexpect

subjects or 2)

information ioating greater risktomthshuasnmmoectsm

existed when the protocol was previously reviewed

ease do not hesitate to contact us

”4298.411
d I. Wri t, Ph.D.

Chairsh

 

  

  

Dllzbed

cc: Juanita It. Rivera

93

'
L
.



 

MICHIGAN STATE

UNIVERSITY

Fobmn'y19.l999

TO: Dr. Jane: Pivarnik

3 LM. Spam Gide

RE: IRE I ”516 CATEGORY: 2-C,D.G

TITLE: ANAWOFLWATRESTANDWMOSLNWARYNW

YOUNG WOMEN! OF VARYINGBODYSIZESDURINGBOTHMFOLLICULARANDW

MENSTRUAL PHASBS

ANNUALAPPROVALDAI'I: W21. 1909

“REVISIONKBQUBS'IED: manna» -

REVISION APPROVALDATE February“. 109!

mmmmmmwmumsmwmmmdm

uojmhwmfleuendlmplueodmadmmannghuendmlfinefduhmm

amthWflWthfafimflmm

Thatfwe. the UCRIHS APPROVED THIS PROJECTS REVISION.

mmeMbmmuMVhe-md

“FINALS: UGJRSWhnfidfumMmeefinhgwhhhwm~

Mohave. mmmwummummmmmm

AWMMMWMMMammonium-m

WMWMwmheg-hfwamreview.

”VISIONS: Mummymhmmmm’b'n

Windham-gr. Uhhdmnhhedmwmbmwm

Tofifiunamemminnymmhflhmmmmmbh

UCRIHSMWMWnthh-mmflmdfle hehde

mmmamaumummmmmw

Wham-wheelie.

PROBLEMS/CHANGES: Mdefiudhbflowhanfieammemd‘hwflhm

UCRlHSproupdy: l)woblnu(|mpeaedddeefieh.com~.)hvolvinghm

«Manohnphlhemheumauwhmmmufin

lfwecubeofmmphnmunflHSS-lecviumfl:

0W .

DEW: be!

cc: Junta [We

All UCRIHS forms are located via the web: hupdlwwwnemedelasmvprgINClmS/

94



MICHIGAN STATE

U N l V E R S l T Y

May4,1999

T0: Dr. James PNARNIK

3 LM. Sports Gide

RE: IRS t 98516 CATEGORY: 2-B.D ,

TITLE: ASSESSMENT OF LEPTIN AT REST AND WITH EXERCISE. IN SEDENTARY AND TRAINED

YOUNG WOMEN OF VARYING BODY SIZES DURING BOTH THE FOLIJCULAR AND LUTEAL

MENSTRUAL PHASES

ANNUAL APPROVAL DATE: SW“21.1998

REVISION REQUESTED: Aptl 13. 1999

REVISION APPROVAL DATE: May 3. 1990

The UnlveteIIyCommItIeeon Research InvoIvIng Human Subjech'wCRII-ISMevIewofmb

projedbwmpleueMIampbesedbedvIsemwnflgmmdweflaedflnhmneubhds

appear to be adequater protectedaand methods IooMaIn are appropflate. ,

ThereIore. the UCRIHS APPROVED THIS PROJECTS REVISION.

RENEWALS: UCRIHSeppmvubvdIdbtoneceIuwyemmwlhhewm

 

mamas:m RIvere

"“H‘MWWWMI UCRIHSfomu-re locatedvlatheweb:
m... . . r ' _ ________

mum/man

man-pawn

mun-um

”an?

an“

mul-

95



 

WW

mm-

MICHIGANSTATE

UNIVERSITY

October4.1999

TO: mm

almSpomcrde

RE: RB ! ”510 CATEGORY: 26.0.8

RENEWAL APPROVALDATE: 80W29, 10”

TITLE: ASSESSMENTOFLEPTINATRESTANDWITHEXERCISEJNSEDENTARY

ANDTRAINEDYOUNGWOMENOFVARYNGBGJYSIZESDURNGBOTHTHE

FOLLICIAAR AND LUTEAL MESNTRUAL PHASES

mmmmwmmwm)mdu

mbwwlmmbmmmmwmdumm

wmumwmmmbmmm-em

T'henefore. the UCRIHS APPROVED THIS PROJECTS RENEWAL.

RENEWALS: UCNHSWUWHWMM.WWNW“

shownmove. ijedsconmtgbeymdmeyeumntbemewedwlhhmm

1am. Annxhundmmmmmnpoufle. WWI:

mnfimepmjedbeyundhtfineneedbubufllqflwhmm

REVISIONS: UCRIHSthmyWhWWumm-Im. prior

tohItIetIonotthednnoe. nunmummum.pteeeemehmm

ImmTonvbeeneppmvedpmbcdetmyomcmmhyememdmm

mueetmeCRIHSChek.Mmbedwwd-tdmumm

endtlle. WhmMemfimdhmm-wmim.

Mfumummlutnw.

PROBLENSICHANGES: mmammmmmumdum

nouIyUCRIt-ISW 1)W(Wqflem.m.eb.)hm

hmwbjeebufldwwhmmmmummmm

mummmmmmmmmmmu

med.

Numbedmmm.plusecaatectuetfiflSGS-mmervhen‘fl:

fizzSI”
517mm

“1'517M

Duh“

wanna-mun:

menu

“It.“

M~

96



Principal Investigator: James M. Pivarnik, Ph.D. (517)355-3520

Co—Investigator: Juanita M. Rivera, MD/PhD. student (517)355-4734

STATEMENT OF INFORMED CONSENT

SUBJECT’8 NAME

A. Title ofthe study

Assessment of leptin at rest and with exercise, in sedentary and trained young women ofvarying

body sizes.

 

B. Purpose ofthe study

Leptin is a chemical produced by your fat cells. Leptin is thought to affect the amount of energy

a person uses. We would like to determine the relationship between leptin and exercise behavior

in young women. In addition, since leptin levels are altered with menstrual cycle phase, we

would like to study the relationship of exercise and leptin during both follicular and luteal phases

ofthe menstrual cycle.

C. Description

You are invited to participate in this project which involves coming to the Human Energy

Research Lab at Michigan State University on three different occasions.

During the first visit, you will have your height and weight measured. Then you will perform an

aerobic fitness test on a motorized treadmill. This test involves measuring the air you breathe

(through a valve and mouthpiece), while increasing exercise intensity every 1-2 minutes until you

are no longer able to continue. For the first two minutes you will be walking 2 miles per hour.

Then, the speed will increase 1 mile per hour every 2 minutes until the treadmill speed reaches 6

miles per hour. Ifyou are able to continue past ten minutes (end ofthe 6 mph timepoint), the

elevation will be increased 3% every minute, until you cannot run any longer and voluntarily

choose to stop. At the end ofthe test, we will slow the treadmill down and you will walk to cool

off. It is expected that this test will last approximately 10-15 minutes. During this test, your

heart rate will be measured with a lightweight monitor that fits around your lower chest with an

elastic belt. This visit will also include an explanation of how to use the family planning kit

(discussed below) and how to complete the food records and the food fi'equency questionnaire.

Total time in the lab on the first visit should not exceed 50 minutes.

The other two visits will be during different parts ofyour menstrual cycle, during the follicular

phase and during the luteal phase. The follicular phase visit will be done approximately 4-6 days

after onset ofyour menstrual period. To determine luteal pluse, we will need to have you use a

family planning kit. This kit helps determine when you ovulate (and are therefore most likely to

become pregnant). Using this kit involves urinating in a cup on a daily basis (for about 5-6 days),

after completion of menstruation. The kit includes a plastic eye_dropper for you to put a small

amount of urine on a plastic test pad. The test pad turns purple when you reach the day just prior

to when you ovulate. We will need to verify the color change before we can schedule the luteal

phase visit. Your luteal phase visit will be approximately 6-8 days alter ovulation.

Before each ofthe last two visits (one during your follicular menstrual phase and one during your

luteal menstrual phase) you will complete a 3 day food record (including two weekdays and one

weekend day). On the night before the last two visits, you will be expected to eat a standardized,

nutritionally balanced, meal (which will be provided). Then, we would like you to fast for the

ensuing 12 hours prior to the study (although drinking of water is permitted). When you come to

the lab in the morning, after the 12 hour fast, we will first measure your height and weight. Next,
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we will have you lay down and breathe room air through a clear plastic face mask that is attached

to a machine in order to measure oxygen in the air you breathe out. This will tell us how much

energy you use while you are resting Following this measurement, we will obtain 10 ml of blood

(about 1 tablespoon) from a vein in your arm.

Next, you will have your residual lung volume measured. Residual lung volume is the amount of

air that is still in your lungs when you exhale as completely as possible. The test involves

breathing 100% oxygen for a few seconds so it can mix with the air in your lungs. This process

will be repeated a number oftimes to be sure the measure is consistent.

Then, we will have you change into your bathing suit, so we can estimate your percent body fat

with a technique known as underwater weighing. The technique involves a few seconds of

complete submersion (after you exhale) in a shallow water tank. This process will also be

repeated a number of times.

Finally, we will measure the air that you breathe while you walk and/or run on the treadmill for

20 minutes at 60% ofyour previously determined aerobic capacity. This amount of exercise is

similar to current recommendations for healthy adults to become more aerobically fit. Your heart

rate and amount of oxygen used will also be measured during this test as it was in the aerobic

fitness test. Immediately after you finish the exercise, we will take another blood sample (another

tablespoon). Total time in the lab on each ofthe second and third visits should not exceed 2.5

hours.

D. Side effects and risks

There are minimal risks to exercise testing under the conditions specified above. The potential

risks associated with tests include muscle soreness. The other risk is remote, but no one can be

absolutely certain that you will not suffer a heart attack during the exercise tests. A recent

national survey of exercise testing centers indicated an average of 3.6 heart attacks, 4.8 irregular

heart beats, and 0.5 deaths per 10,000 tests in procedures performed for medical reasons. For a

healthy, but inactive OR physically active population, there should be minimal risk to exercise

testing for you under the specified conditions. There is also a slight chance ofa bruise

(hematoma) during the blood draws.

Ifyou feel that you might have any medical condition (i.e. asthma, orthopedic problems, heart

condition, etc.) which might be a reason not to perform the test, you should inform the

investigators prior to any testing.

E. Benefits

For your participation, you will learn your current level of physical fitness, an estimate of your

body composition, and a free blood glucose and cholesterol screen. Also, the information

obtained in this research may help firture studies dealing with women, their energy expenditure,

and risk of some chronic problems like heart disease.

After completion of all tests, on will be given $60 for your participation in the study. You

should understand that your participation is voluntary, and you may decline to participate in given

activities ifyou so choose, or withdraw from the study at any time without penalty. If for any

reason you do not complete the study, you will receive a percentage ofthe cash compensation,

based on the amount of participation before leaving the study.

F. Confidentiality

All of your records from this study will be considered confidential and your name will not be

identified in any publication or report resulting from this study. Confidentiality of data will be

maintained within legal limits.
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G. Cost

There will be no direct cost to you during your participation in this study.

In the event of injury resulting from this research, Michigan State University is not able to offer

financial compensation nor to absorb the costs of medical treatment. However, necessary

facilities, emergency treatment and professional services will be available to research subjects,

just as they are to the community generally. Your signature below acknowledges your voluntary

participation in this research project. Such participation does not release the investigators,

institutions, sponsor, or granting agency from their professional and ethical responsibility to you.

  

 

  

 

 

Signature of Study Participant Date

Address Phone(home) Phone (work)

Signature of investigator
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APPENDIX C: Ovulation kit instructions

 

Instructions for determinin da of ovulation usin Ovu uick® urine kits

 

Immrtant!

* Samples must be collected between 10 am. and 8 pm.

* Test samples should be taken at about the same time each day (within an hour)

* The amount of liquid that you drink will affect the test results. You should reduce your

liquid intake for about 2 hours before you collect your urine. A diluted urine sample

could prevent you fi'om seeing your results.

1. Collect urine in the urine collection cup provided

2. You will need a watch or a clock before you begin the test

3. Remove the Test Cassette from the foil pouch and place it on a flat, dry surface.

4. Place the dropper in the urine sample. Draw urine into the dropper.

5. Hold the urine dropper upright about 1/2 inch above the Urine Well at the bottom

ofthe Test Cassette. Add only 3 DROPS ofurine to the Urine Well.

6. WAIT 3-5 Minutes and then read your Test Result.

"* Timing is very important when doing your test! Use your watch or clock and read

your results between 3 and 5 minutes.***

7. Label each test cassette with your ID#( ) and the date

Intemretation of Results

Positive Result (P): a pink-to-purple Test Line (next to the letter “'T”) that is BARKER

than the Reference Line (next to the letter “R”) indicates a positive result.

Negative Result (N): a pink-to-purple Test Line that is either LIGHTER than the

Reference Line (or no Test Line at all), or THE SAME COLOR as the Reference Line.

Invalid Result (I): you MUST see a pink-to-purple Reference Line within 3 minutes

after adding your urine. Ifyou do not see a Reference Line, the test is considered

INVALID, and you cannot use your Test Result.

When your test results are p_ositive:

Please call the lab at 355—4734 to report which day your Ovu Quick® result is positive.

Day 1: Time: Result:_ Day 9: Time: Result:_

Day 2: Time: Result:_ Day 10: Time: Result:_

Day 3 Time: Result:_ Day 11: Time: Result:_

Day 4: Time: Result:_ Day 12: Time: Result:_

Day 5: Time: Result:_ Day 13: Time Result:_

Day 6: Time: Result:_ Day 14: Time Result:_

Day 7: Time: Result:_ Day 15: Time Result:_

Day 8: Time: Result:_ Day 16: Time Result:_
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APPENDIX D: Food record and FPO information

Currently, no one single method for assessing an

individual’s normal eating habits is available (65).

However, 24-hour food records and food frequency

questionnaires are commonly used.

I developed the food record that was used by pulling

bits and pieces from many sample food records. Dr. Won

Song, from the Food Science and Human Nutrition Department,

1
‘

provided the FFQ. It was the Block 98.1 version designed ~~

by Block Dietary Data Systems, Berkeley, CA.

Jean Kerver taught me how to give proper directions to

the subjects with respect to correctly filling out the food

records and FFQs. She also taught me how to recognize

common errors that could be easily corrected when the forms

were returned. The instructions given to the subjects

included many visual and written examples of how to

estimate portion sizes. When the subjects returned the

food records and FFQs, I checked them for completeness and

clarity.

The remaining pages of appendix D include all of the

paperwork given to each subject with respect to assessing

their nutritional habits except the FFQ. This includes the

instructions given for how to complete a food record, the

size approximation sheet, and a sample food record.
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Directions for Completing a 3-day Food Record

1. Please refer to the sample food record to see how food is recorded.

2. List ALL FOOD and BEVERAGES FOR ALL MEALS and SNACKS for 3 days.

(2 weekdays and 1 weekend day). Record your intake immediately after you eat. Be sure

to measure your food.

Do not changeyour usual eating habits!

3. To measure solid food, use standard dry measuring cups or spoons. For meat or

cheese, estimate the size ofa portion by measuring with a ruler. For example, do not

record the weight or size ofa raw pork chop: instead, record the amount ofa flied pork

chop i.e.2x4x 1 inch.

*Please refer to the handout Size It Up! (on back) for a guide to portion sizes. For items

that are round, i.e. some fi'uit, cakes, or pies, record the traction ofthe whole consumed

i.e. 1/4 ofa 6 inch diameter cantaloupe or 1/8 ofa 9 in. diam. pie.

4. To measure liquids, use a standard measuring cup (8fl.oz.) to measure the amount of

liquid consumed. i.e. 1202. Coke, 402. red wine, 202. liquor (include all mixers).

5. You will need to indicate individual ingredients in mixed dishes. An example ofa

mixed dish is a tuna casserole. The casserole may contain noodles, canned water packed

tuna, cream ofmushroom soup, and mozzarella cheese. Ifa recipe is used to make

composite products such as casseroles, baked goods, sauces, etc., please provide a copy

ofthe recipe on the index cards provided. Please provide the measured amount ofeach

ingredient

6. List all condiments and their amounts separately. Don’t forget things like added

butter/ margarine, coffee creamer, salad dressing, spreads (i.e. jelly), sauces (i.e. Ketchup

or mustard), sugar and oils. For example a hamburger might be:

3 oz. ofground beef(ground round, ground chuck, etc.)

2 Tbsp. ketchup (regular, low sodium, etc.)

2 Tbsp. yellow mustard

1 tsp. pickle relish

1 oz. ofcheese (for example a Kraft American cheese single)

1 bun (whole wheat, white, etc.)
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Size approximation sheet

   
jsulde to Portion Sizes

To put your healthtul eating plan into action.

you need to know what one serving looks like. The portion or amount of a load

that you choose to eat may be more or less than one serving. it you choose a large portion. it may

count as 2 servings. a small portion may only be halt a serving.

teaming to judge servings sizes takes a little practice.

And. since carrying around measuring cups and a scale lust isn't practical. here are

some visual examples to help you makequick estimates.

3 ounces at most. poultry or has Deck or playing cards. cassette tape or

the palm ot a vromsn's hand _ --
:p-.........................

1 osocs st most. poultry or ttsb Matchbook

 

1 esp st trslt or yogsrt Baseball

 

112 up ot chopped vegetables -. Three regular ice cubes

........................................................................................

1 medium potato Computer mouse

 

1 cup oi potstoos. rice or posts Size ot a list or a tennis bsli

 

1 stools- orange or sppls Baseball

1 standard bsgel Hockey puck

1 cup chopped tresb testy greens 4 lettuce leaves  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO b-—

2 stlsspooss psssst bsttor Golt bsll

 

1 oases or choose Four dice or a tube 01 lipstick

1 slice or choose 3.5 Inch computer disk 
1I2 csp st cooked vsgstsbies osssis:

6 asparagus spears

7-8 baby carrots or carrot sticks

1 esr 01 com

3 spears ol broccoli

 

NIMIMMMNMMMWIWMMWMWMMMWM

usybsrsoroducsdlorsdocstlonsiprsposss.

assume
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APPENDIX E: Details of standardized, nutritionally

balanced.maala

Due to the potential variation of weights within a BMI

category it was decided to create a number of meals for the

range of potential weights, in 20-pound increments.

Separate meals were created for sedentary and active

individuals.

In nutrition circles, it is standard practice for

dinner calories to be about 40% of TEE (26). Since meals

had to be determined before the subjects were enrolled (and

actual weights were known), Total Energy Expenditure (TEE)

was estimated using the following equation: total energy

expenditure (TEE) = REE + Activity calories + Digestive

calories (26). REE was estimated as weight (in pounds) *

10. Activity calories were estimated as REE * 0.2 for

sedentary subjects and REE * 0.4 for exercising subjects.

Digestive calories were estimated as (REE + Activity

calories) * 0.1.

After TEE was estimated for the BMI ranges of each

group, an average, dinner meal calorie value was obtained

for each 20-pound increment weight range. Table 7 shows

the estimated dinner meal calorie values. Fourteen meals

were designed using these estimates.
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Kanika Triggs, graduate student in the Food Science

and Human Nutrition department, (under the direction of Dr.

Song) started to develop the standardized meals. Jean

Kerver, another graduate student in the Food Science and

Human Nutrition department, (also under the direction of

Dr. Song), continued the work. I completed the development

of the standardized meals under the direction of Jean i

Kerver and Dr. Song. Table 8 shows the food choices and

the individual meals that were created. In addition, the

amounts of carbohydrate, protein, and fat are shown. The

desired calorie value is in parentheses next to each meal.

The actual meal consumed by each subject, was

determined by their weight and exercise status on the day

of the VOZmax test. Emily Paxton and Juanita Rivera

prepared all of the meals.
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.APPENDIX F: Body composition equations 8 sample calculation

Equations:

RV Equation

RV = [(A * B)/79.8 - B] * C

A volume(L) of 02 injected into the bag

B = Post-test N2 tnitrogen) reading - Pre-test N2 reading

C = BTPS correction factor (see below)

Barometric temperature and pressure, saturated (BTPS)

correction factor equation

BTPS correction factor =[310/(273+Ta)]*[(PB - Pmm)/(PB - 47)

Ta = ambient temperature (in Kelvin)

P3 = barometric pressure (mm Hg)

1590 = pressure of water at Ta(nmng)

Body Density Equation

Body Density = Weight in air (in kg)

[(Weight in air - Weight in water)/Density of water]- RV’

'This RV should also include 100 ml to account for

intestinal gas

Modified Siri equation for women

% fat =((5.05/body density)-4.62) * 100

gaggle calculation

RV calculation

A = 2L; Average B (from two highest values of six) = 23.6;

C = 1.068

RV = [(2*23.6)/79.8-23.6]*1.068 = 0.89 L

BTPS correction factor calculation

Ta = 26°C; P3 = 768 mmHg; P320 = 25.2 mmHg

BTPS correction factor = [310/(273 + 26)]*[(768-25.2)/(768

- 47)]=[310/299]*[742.8/721]=1.037*1.03O = 1.068

Body density calculation

Weight in air = 47kg; Average weight in water = 1.36kg (3

pounds + 2.2 pounds/kg); density of water at 25.2°C =

0.9941; RV =O.89 + 0.100L (for intestinal gas)=0.99 L

Body density = 47/(((47-l.36)/O.9941)-0.99) = 1.0463

% fat calculation

% fat = ((5.05/1.0463)-4.62)*100=20.7%
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APPENDIX G Brief overview of leptin RIA
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