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ABSTRACT 

The results from a number of reported studies have 

demonstrated that regular physical activity can favorably 

alter lipid metabolism towards a reduced risk for disease. 

Most of these investigations have utilized endurance 

exercise as their training mode, with a relatively few 

involving resistive or weight training. Preliminary studies, 

done mostly in males, suggest resistance training may lower 

cardiovascular disease risk by altering serum lipoproteins. 

The results of short term resistance training studies on 

plasma lipids and lipoproteins in females however, remain 

equivocal and the effects of long term resistive training on 

plasma lipids together with body composition changes are not 

available because of a lack of long term prospective trials 

in the premenopausal female. Therefore, the purpose of this 

study was to investigate the long term effects on plasma 

lipoprotei.ns and body composition in a sample of 104 

untrained premenopausal women, aged 28-40 years. Female 

participants were randomly assigned to an exercise (n=56) 

and a control (n=48) group. Plasma total cholesterol 

(tChol), triacylglycerol (TAG), high density lipoprotein 

cholesterol (HDL), along with the subfractions of HDL, HDL2 

and HDL3, low density lipoprotein cholesterol (LDL) and the 

apolipoproteins A1 and B were evaluated at baseline and 

after 5, 12 and 18 months of resistive training. Body 
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composition was assessed by dual energy x-ray absorptiometry 

(DXA). This technology produces accurate in vivo estimates 

of the bone mineral and soft tissue components of the body. 

Analysis of baseline body composition data obtained by DXA 

has shown that some seldom used anthropometric indices such 

as the height to waist circumference ratio and the upper arm 

circumference may be a better index for body fat 

distribution than more commonly used indices of fat 

distribution. Further analysis of baseline data has 

demonstrated that the percentage of fat in the upper body 

(arms and trunk, particularly the upper trunk) is positively 

associated with the cardiovascular disease risk indices of 

tchol/HDL and the ratio of LDL/HDL. The results of long term 

resistance training in these women produced a significant 

change (P<O.OS) in the plasma total cholesterol and LDL 

cholesterol over the 18 month training period compared to 

the controls. Total HDL levels were unaffected by resistive 

training, but the HDL2 subfraction increased significantly 

in the exercise group (30%) relative to the controls (-16%) 

after 18 months of training (P<0.04). The ratio of HDL2 to 

HDL3 also increased significantly (P<0.04) in the exercise 

group relative to the controls. The plasma concentration of 

apolipoprotein A1 decreased in both the experimental and the 

controls after one year, however this trend was reversed in 

the exercise group after the 18 month training period. The 
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HDL3 subfraction, plasma TAG and the apolipoprotein B levels 

did not change significantly with long term resistance 

training in these women. Total body fat, along with its 

distribution, was not altered in the exercise group during 

training; however, total body lean soft tissue in the 

exercising females increased by 1.3 kilograms (3.1%) 

(P<O.Ol). In conclusion, the results from this study have 

shown that resistive training can alter plasma lipids 

towards a reduced risk for disease and might be a useful 

form of exercise in the premenopausal female population to 

increase health related fitness. 
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CHAPTER 1 

INTRODUCTION 

Significance of Research 

Research is needed on cardiovascular disease (CVD) risk 

factors in the premenopausal female population to provide a 

better understanding of the effects of resistance training 

on serum lipids, lipoproteins, apolipoproteins and to 

investigate the resistance training effects in relation to 

body composition changes. 

A modification of serum lipids, lipoproteins and to a 

lesser extent, apolipoproteins with aerobic exercise, 

consistent with a reduced risk for CVD, is well documented. 

The few reported studies of resistance exercise, done almost 

exclusively with males, suggests resistance exercise may 

also be effective for reducing total cholesterol and LDL

cholesterol, and increasing the HDL2 to HDL3 ratio. These 

adaptations are also consistent with a reduced risk for CVD. 

The association of serum lipids and lipoproteins with total 

body fat and fat distribution has generally gained 

acceptance in the current scientific literature. However, 

important questions remain concerning the relationships 

among changes in lipids, lipoproteins and body composition 

resulting from exercise training. It is not clear for 

example, from previous studies, whether plasma lipids and 
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lipoproteins can be altered independent of body composition, 

particularly in the resistive trained premenopausal female 

population. Understanding this relationship would further 

enhance our knowledge of the possible mechanisms responsible 

for altering lipid metabolism and body composition and 

whether these two phenomena can occur independently. 

The apolipoproteins are the protein components of 

plasma lipoproteins and serve two broad based functions. One 

function is to stabilize the structural integrity of the 

lipoprotein and the other is the regulation of lipoprotein 

metabolism. These proteins are important to study because 

apolipoprotein concentrations may be altered with exercise 

training independent of changes in lipoprotein 

concentrations. Although the relationship of apolipoprotein 

concentrations and CVD disease is not fully established, 

particularly in the premenopausal female, a correlation 

between reduced apolipoprotein A1:B ratios and CVD lesions 

has been demonstrated in males. Furthermore, some studies 

have suggested that plasma concentrations of apolipoproteins 

discriminate better between patients with CVD and healthy 

controls than levels of total serum cholesterol and HDL

cholesterol. The proposed research represents a unique 

opportunity to study the effects of long term resistance 

exercise on lipids, lipoproteins, apolipoproteins and the 

interactions of these variables with changes in body 
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composition using state-of-the-art technology to accurately 

assess changes in total body lean tissue, total body fat 

and fat distribution. 
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Background Information 

Recent epidemiological studies have established a clear 

relationship between physical activity and health (1,2,3,4). 

Similar studies examining the effects of physical activity 

in relation to specific diseases have also shown a 

significant reduction of risk for CVD (5,6,7), non-insulin 

dependent diabetes mellitus (NIDDM) (8), along with stroke 

and hypertension (9,10). The results of these studies have 

established that an inactive or sedentary lifestyle doubles 

the risk for disease when compared to the more physically 

active individual (11). This increased risk for disease is 

similar in magnitude to other more conventional risk factors 

such as elevated serum cholesterol, obesity and hypertension 

(4,11). 

The results from a number of recently published 

investigations have also indicated that alterations in the 

normal levels of plasma lipids, lipoproteins and 

apolipoproteins are associated with an increased risk for 

diseases (12,13,14,15). Exercise, particularly chronic 

endurance exercise, is generally accepted as altering 

certain plasma lipids and lipoproteins consistent with a 

reduction in CVD risk (16,17,18,19,20,21) and may, in part, 

account for the health benefits of physical activity. Even 

though chronic endurance exercise appears to alter lipid 

metabolism (22,23,24,25,26,27), and thus lipoprotein 
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profiles (28), the ability of resistive or weight training 

to change plasma lipids, lipoproteins and apolipoproteins is 

much less certain. This uncertainty associated with 

resistive training is most striking in the premenopausal 

female because of the dearth of experimental studies 

examining this population. Thus, the primary purpose of 

this investigation is to evaluate the long term (1.5 years) 

resistive training effects on a previously inactive sample 

(n=104) of premenopausal females, randomly assigned to a 

resistive trained (n=56) group and a control (n=48) group. 

Any changes observed resulting from resistive training in 

these lipid parameters will be related to body composition 

which is known to impact on lipid metabolism (29,30,31). 

Although most of the studies examining the effects of 

resistance exercise on plasma lipoproteins have used male 

subjects (32,33,34), Goldberg et al.(35) demonstrated that 

16 weeks of resistive training resulted in statistically 

significant reductions of 9.6% in total cholesterol, 28.6% 

in triglycerides and 20.3% in LDL/HDL in 8 women aged 24 to 

30 years. Furthermore, despite no training related change in 

body weight, these women displayed some evidence of body 

compositional changes. A 15% decrease (P<O.Ol) in triceps 

skinfold thickness was observed along with a 7.8% increase 

(P<O.Ol) in upper arm circumference. Even though this study 

demonstrated significant and beneficial changes in lipid 
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profiles with resistance training, its findings are limited 

by the small sample size (n=8), a lack of randomization, 

absence of a control group and statistical adjustment of 

training effects on blood lipids to assess their 

independence of body composition changes. Contrary to 

Goldberg's results, a more recent study by Blumenthal et ale 

(36) found no significant differences in any of the 

lipoproteins measured and no changes in the apolipoproteins 

A1, All and B in a sample of pre- and postmenopausal females 

that underwent strength training for 12 weeks. Even though 

the results of these two studies seem contradictory, there 

were important differences in study design and methodology. 

The training period in Goldberg's study was 16 weeks with 3 

sessions per week versus 12 weeks with 2 sessions per week 

in Blumenthal's study. The training time within each 

session was also quite different. In the Goldberg study the 

sessions lasted 45 to 60 minutes, whereas Blumenthal's 

sessions were 35 minutes. Goldberg's female sample attended 

48 training sessions compared to 25 sessions for 

Blumenthal's sample. Although it was difficult to quantify 

the volume of training for either study, it appeared that 

Goldberg's sample trained at a higher level of intensity and 

his sample was substantially younger than Blumenthal's (27 

vs. 42 years). Neither study evaluated the major 

subfractions of HDL (HDL2 and HDL3). This is an important 
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distinction because the protective effect of HDL has been 

shown to be associated with an increase in the HDL2 

subfraction (37,38,39). Thus, it is possible that the 

ratios of HDL2/HDL3 had changed, indicating a reduction in 

risk for CVD even though the total HDL levels remained 

unchanged. 

While there are no reports to date that have examined 

the subfractions of HDL consequent of resistive training in 

females, a recent report by Hurley et ale (32) offers some 

insight into this question. This study (32) showed a 43% 

increase in the HDL2 subfraction (P<O.05) after 16 weeks of 

resistance training in a sample of 11 middle aged males. In 

contrast to Goldberg's study (35) on females, the 

significant lipoprotein changes seen in the males of 

Hurley's study (32) were not associated with total body 

compositional changes as neither densitometrically 

determined percent body fat nor fat-free body mass were 

significantly altered with resistance training. However, 

the small sample size (n=ll) of this study limits the 

confidence in the interpretation of nonsignificant findings 

and the absence of randomization limits generalizability. 

In another rec~nt study by Wallace et ale (34), both HDL2 

and HDL3 were significantly elevated as an acute response to 

a single bout of high volume resistive exercise. The 

results from Wallace's study seem to indicate that the 
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volume (intensity X duration) of training may play an 

important role in the resistive training effects on plasma 

lipoproteins and the HDL subfractions. 

To date only one study has been reported examining the 

effects of resistance training on apolipoproteins in 

females. Blumenthal's study (36) evaluated the 

apolipoproteins A1, All and B, where he found no significant 

changes in these apolipoproteins over a 12 week training 

period. Although there WqS a 7% increase in apolipoprotein 

A1 (apoA1), this study may have lacked the intensity in the 

training regimen to evoke a response in this apolipoprotein. 

Furthermore, with a sample size of only 11, Blumenthal's 

study (36) may also have lacked the statistical power to 

detect this difference as significant. In males, only one 

crossectional study (40) found greater apoAI and lower apoB, 

along with increased levels of apoCII, in 15 male weight 

lifters relative to normative values. However, the 

crosssectional nature of this study does not allow 

interpretation of the resistive training related effects on 

the apolipoproteins. The weight training group's deviation 

from normal apolipoproteins may potentially be regarded as 

beneficial due to the inverse relation with vascular lesions 

and the apoA1:apoB ratio (41). No other apolipoproteins have 

been studied in either females or males in relation to 

resistive training. 
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The evaluation of the apolipoproteins is an important 

question to resolve because of their pivotal role in the 

metabolism of plasma lipids and lipoproteins (42,43). 

Furthermore, alterations in the structure or concentration 

of these proteins can be appreciated because of the greatly 

increased risk of CVD in those individuals with genetic 

anomalies related to these proteins (44,45,46,14). Recent 

studies have also demonstrated that the ratio of apoA1:apoB 

may be a more sensitive marker of CVD risk than their 

respective lipid particles, HDL and LDL (47,48). Since there 

are converting enzymes in plasma capable of converting the 

proapoprotein to an active apolipoprotein (49), it is 

possible that the apolipoprotein concentration can be 

altered independent of the major lipoproteins. Evidence for 

this possibility can be seen in the fact that many CVD 

patients do not have elevated LDL or depressed HDL (50). 

Thus, the lack of alteration in the major lipoproteins seen 

in many resistive training studies does not necessarily mean 

that a reduction in risk for disease has not taken place, 

because the apolipoproteins could be altered independent of 

their respective particles, indicating a reduction in risk 

for CVD has occurred. 

ApOA1 activates the plasma enzyme lecithin:cholesterol 

acyl transferase (LCAT) which catalyzes the esterification of 

free cholesterol with a fatty acid moiety from 
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phosphatidylcholine. The cholesterol ester formed by this 

reaction is hydrophobic and moves into the interior of the 

HDL3 particle, as the cholesterol ester accumulates the HDL3 

becomes larger and less dense thus being converted to HDL2. 

The activity of LCAT therefore, can be a determinant of the 

levels of HDL2. In the case of Blumenthal's study (36), the 

increase in apoA1 could have been sufficient to 

significantly activate LCAT and alter the levels of HDL2, as 

speculated by authors. The apolipoproteins Band E are 

primarily associated with LDL and VLDL (51). These proteins 

appear to act as recognition factors for plasma membrane 

bound receptors in the liver and peripheral tissues and play 

a role in the clearance of these particles (52,53). The 

results of Goldberg's study (35) can be explained by 

alteration in the levels of these proteins. VLDL is the 

primary carrier of endogenous triglycerides and an increase 

in the levels of the apoB or E could have led to an 

increased clearance of this lipoprotein and account for the 

observed decrease in plasma triglyceride levels and an 

increase in the LDL/HDL ratio. This conclusion is 

speculative because the production rates of VLDL and LDL 

could also have been decreased, resulting in similar 

changes. Furthermore, the plasma levels of total 

cholesterol and LDL are thought to be regulated through the 

activity of receptor-mediated processes (52). There have 
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effects of exercise on the activity of the apoB/E (LDL) 

receptor. 

23 

The apolipoproteins ClI and CIIl were not measured in 

the current investigation; however, it is important that 

their role in the regulation of lipid and lipoprotein 

metabolism be understood. ApoCIl is an activator of the 

enzyme lipoprotein lipase (LPL) where as apoCIlI has been 

reported as an inhibitor of this enzyme (14). Genetic 

abnormalities in these apolipoproteins or LPL result in 

severe alterations in the metabolism of the triglyceride 

containing lipoproteins (46,54). Additionally, the activity 

of this enzyme is also important in the generation of HDL2 

(55) by hydrolyzing the triglyceride component of HDL, thus 

facilitating the transfer of cholesteryl ester. It is 

possible that an exercise induced increase in apoCIl or a 

decrease in apoCIIl could activate LPL and impact on the 

HDL2 levels. As mentioned previously, Jauhiainen et ale (40) 

observed an increase in apoClI in weight lifters and in an 

earlier paper reported no change in apoCIl after a one year 

training study (56). No resistive training study has 

evaluated the training effects on the apolipoproteins CII 

and CIII in females. 

In contrast to resistive training, the effects of 

endurance exercise on plasma lipids, lipoproteins and 
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apolipoproteins have been studied more extensively with 

several published reviews summarizing this literature 

(16,18,19,21,57,58). In general, total cholesterol is 

unchanged or slightly lower after training, HDL levels are 

usually increased relative to controls with long term 

training showing greater increases in HDL (59,60,61) and 

the levels of VLDL and LDL decrease. Similar changes are 

observed in both males and females (16). The apolipoproteins 

have been studied much less extensively than plasma lipids 

and their role in exercise training is unclear (17). Kiens 

et ale (62) found that 12 weeks of endurance training 

(running or swimming) significantly increased apoA1 and HDL. 

Schwartz (63) also found a significant training effect on 

the correlation between apoA1 and HDL in an aged population, 

although this study may have been confounded because body 

composition was altered as a function of training. Wood et 

ale (64), in a well-controlled trial of 81 middle aged men, 

also observed an increase in the apoA1 levels and a 

significant negative correlation between apoB and miles run 

per week. All authors observed significant changes in body 

composition. 

To date there is evidence that both resistive and 

endurance training can alter plasma lipid profiles. However, 

many of these studies show significant changes in body 

composition, particularly regional body composition, which 
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is known to have a significant effect on plasma lipids and 

lipoproteins (65,30). The relation between body composition 

and apolipoproteins is much less certain. Therefore, it 

remains unclear whether alterations in plasma lipoproteins 

can occur independent of body composition. 

One recent, well-controlled endurance exercise training 

study (66) designed to induce a 22,000 Kcal energy deficit 

over 22 days in 6 male, non-obese young adult monozygotic 

twin pairs, found that pre- to post-training changes in LDL 

and apoB levels were significantly correlated with changes 

in an anthropometric index of truncal fat patterning (the 

ratio of the sum of trunk to extremity skinfold 

thicknesses). A similar change was not seen in the 

densitometric ally determined percent body fat. Furthermore, 

the significant within twin pair resemblance in LDL and apoB 

changes with exercise training (determined by intra class 

correlations of r=0.32 for LDL and r=0.41 for apoB) became 

insignificant after adjustment for the above truncal fat 

patterning index. This study provides indirect evidence, at 

least in males, that within and between monozygotic twin 

pairs, exercise training related changes in serum LDL and 

apoB may be related to changes in truncal obesity. 

While no such exercise training study has been 

conducted in female twins, establishing a link between 

truncal fatness changes and changes in lipoproteins and 
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apolipoproteins to various indices of truncal fat patterning 

has been investigated. Ostlund et ale (67) recently found 

that the waist to hip circumferences were inversely 

correlated to the serum HDL2 concentration (r=-0.37); this 

remained significant after adjusting for variation in their 

body mass index (BMI). These results are consistent with 

those of Jimenez et ale (68) where a significant correlation 

was found between weight loss and an increase in plasma HDL 

levels and HDL2-specific pinding to abdominal adipocytes. 

Peiris et ale (69) found fasting triacylglycerol levels to 

be significantly related to three indicators of truncal fat 

patterning (waist to hip ratio, subscapular to triceps 

skinfold ratio and computerized tomography-derived intra

abdominal fat area) independent of BMI. The partial 

correlations ranged from r=0.33 to r=0.74. These studies 

(67,69) demonstrate a relationship between truncal fat 

patterning and lipoprotein profiles in women. 

Body composition changes in relation to the 

apolipoprotein, on the other hand have been studied much 

less extensively. One of the apolipoproteins (A1) has been 

significantly related to the waist to hip ratio after 

statistically adjusting for BMI in 520 middle-aged women 

(70). One limitation of this study was the use of BMI, 

which confounds the fat and fat-free components of body 

mass, as a gross index of body fat. A study of 151 females 
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aged 18 to 57 years (71) overcame this limitation by 

estimating body fatness with hydrostatic weighing; truncal 

fat patterning was estimated by the ratio of subscapular to 

calf skinfold thickness. Baumgartner and co-workers (71) 

found that both total body and truncal fatness were 

independently and inversely related to serum HDL levels, yet 

LDL was only significantly and independently associated with 

total body fatness. 

The use of different and indirect indicators of total 

and regional body composition, coupled with the inclusion of 

different measures of serum lipid, lipoprotein and 

apolipoprotein levels, among studies, complicates the 

interpretation of the independent associations of total and 

truncal fatness with these lipid parameters. Nevertheless, 

obesity (72), fat patterning (73) and their relation to 

adverse alterations in lipid profiles (74) has been 

generally accepted. 

Changes in body fat distribution are generally accepted 

as being associated with alterations in plasma lipids (30). 

However, the association of plasma lipid changes with lean 

body tissue or the fat to lean ratio has received much less 

investigation even though Kiens et al. (28) has clearly 

demonstrated that skeletal muscle, as a result of exercise 

training, can significantly impact on the plasma levels of 

VLDL and the HDL subfractions. Thus, the role of lean body 
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tissue in the whole body metabolism is in need of much more 

study. 

In the current investigation, endocrine changes were 

not measured. However, it is important to understand that 

the hormonal changes can have a significant impact on lipid 

metabolism and body fat distribution. Steroid hormones, 

particularly sex steroids, have been speculated to be the 

potential link between excess truncal adiposity and altered 

lipid metabolism. This point of view is not without 

controversy, because the glucocorticoids have recently been 

suggested as also playing a role in centripetal obesity 

(75,76). However, as reviewed by Tikkanen et ale (77), sex 

steroids may alter lipoprotein metabolism, at least in part 

through their regulation of hepatic lipase. The precise 

physiologic role of this enzyme remains unclear, but 

Tikkanen et ale (77), using the synthetic androgen 

stanozolol, a known activator of hepatic lipase, presents 

evidence supporting its role in the degradation of either 

HDL2 and/or the triacylglycerol-rich lipoproteins. 

Regardless of the enzymes precise role, androgenic steroids 

are known to increase hepatic lipase activity, whereas 

estrogenic steroid decreases its activity (78,79,80). While 

there are studies that provide some evidence consistent with 

the hypothesis that sex steroids may physiologically link 

altered lipoprotein metabolism with truncal fat patterning 
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(81,82), prospective studies which incorporate measures of 

plasma lipids, lipoproteins, apolipoproteins and sex 

steroids with measures of total and regional body 

composition are needed to clarify this relationship. 

Only two studies to date (74,83) have examined the 

effect of resistive exercise training on changes in serum 

sex steroid levels in females. In addition, these stUdies 

are somewhat limited in their endocrine scope, as they have 

only examined androgen and not estrogen or progestin levels 

as a consequence of resistive training. Hetrick and Wilmore 

(74) found no significant change in serum testosterone 

levels following 8 weeks of weight training in 35 females. 

Likewise, in a smaller sample of 13 females, Westerlind et 

ale (83) observed no significant changes in either 

testosterone or sex hormone binding globulin, despite 

significant increases in strength. The small sample size of 

the study by Westerlind et ale (83) again limits the 

interpretation of null findings; moreover, neither of the 

two studies included an assessment of regional body 

composition and the training durations were less than that 

previously shown to result in significant lipoprotein 

alterations (35). 

Even though there is a lack of data on the effects of 

resistive training on the estrogen and progesterone status 

in premenopausal women, the importance of these hormones in 
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lipid metabolism has been well documented. Estrogen 

(estradiol) can effect metabolism in a number of tissues 

either directly of indirectly (84), but the effects of 

estrogen on lipid metabolism are most evident in the 

postmenopausal female on estrogen therapy. These individuals 

typically have elevated levels of HDL, apoA1 and ratios of 

apoA1:apoB relative to women not on estrogen replacement 

therapy (85). Further studies (86) have shown that both the 

bound and the free estrogen have significant partial 

correlations (after adjusting for androstenedione) with 

VLDL-C (r=0.63 and -0.65), LDL-C (r=-0.77 and 0.71) and HDL

C (0.57 and-0.43). Additionally, menstrual status has also 

been found to be significantly correlated with the levels of 

apoA1 with amenorrheic female runners having lower apoA1 

levels when compared to their eumenorrheic counterparts 

(87). The correlation between menstrual status and apoA1 may 

indicate a regulatory role of the sex steroids with respect 

to apoA1. Evidence supporting this idea has been reported by 

Kushwaha et al.(88). Using ovariectomized and 

hysterectomized baboons as the experimental model, these 

authors were able to show a significant increase in apoA1 

and apoAII with endogenous administration of estrogen. This 

effect was augmented when estrogen was given along with 

progesterone. However, when progesterone was administered 

by itself there was no change in the levels of apoA1, but an 
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increase in the catabolic rate of apoA1 was observed. 

Estrogen, when given after progesterone, counteracted this 

effect. Taken collectively, these studies indicate that 

changes in estrogen and/or progesterone could have a 

significant impact on lipid metabolism in the premenopausal 

female. 

The exercise literature contains evidence that 

endurance training often times alters plasma lipids towards 

a lesser risk for disease. There is additional evidence that 

resistance training in males (33,32) and females (35) can 

alter plasma lipids but these observed changes are much less 

established in the premenopausal female. The long term 

resistive training effects on plasma lipids, lipoproteins 

and apolipoproteins in premenopausal women in relation to 

body composition changes has not been investigated in a 

single trial. Furthermore, it is not clear with any 

certainty that plasma lipids can be altered independent of 

changes in body fat, body fat distribution or lean soft 

tissue. 
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C~P~R2 

SPECIFIC AIMS AND METHODS 

Study Design 

This investigation extends the analysis of a study 

designed as a prospective 18 month clinical trial of the 

effects of resistive exercise (weight training) on soft 

tissue composition and bone mineral density in a previously 

inactive sample (n=104) o! premenopausal females. Women were 

randomly assigned to an exercise group (n=56) and a control 

group (n=48). The exercise group began resistive training 

three days per week with each training session lasting one 

hour. Each subject performed three sets of eight repetitions 

per set at 70% of maximum strength (lRM) for 12 exercises 

involving the major muscle groups. Controls were asked to 

remain inactive during the 18 month training period. All 

subjects had blood samples drawn and their body composition 

analyzed, including total and regional assessment at 

baseline and after 5, 12 and 18 months of resistance 

training. Blood samples were analyzed for total cholesterol, 

LDL cholesterol, HDL cholesterol and the HDL subfractions, 

plasma triacylglycerols and apolipoproteins A1 and B. 

Dietary intake was also evaluated. The changes observed in 

plasma lipoproteins and apolipoproteins were related to 

changes in total and regional body composition. 
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Specific Aim #1 

The primary purpose of this specific aim was to 

determine the long term effects (1.5 years) of resistive 

training on total plasma cholesterol, LDL cholesterol, HDL 

cholesterol along with the subfractions of HDL, HDL2 and 

HDL3, plasma triacylglycerols and the apolipoproteins Al 

and B. 

Few short term training studies (less than 6 months) 

and no long term prospective studies have evaluated the 

effects of resistive exercise on plasma lipids, lipoproteins 

and apolipoproteins in the premenopausal female. The 

results from these studies have been equivocal. Some report 

an increase in HDL along with a decrease in LDL, TAG and 

total cholesterol, while others indicate no such changes. 

Additionally, none of these studies have evaluated the 

subfractions of HDL, HDL2 and HDL3 in premenopausal women. 

The apolipoproteins A1, All, and B have only been measured 

in a single prospective resistive training study of 

premenopausal females. Because of the nature of the 

experimental design (sampling at baseline,S, 12 and 18 

months) both short and long term effects can be evaluated in 

the present sample of premenopausal females. The random 

assignment of a relatively large number of females into 

resistive trained (n=56) and control (n=48) groups, yields a 

high probability of detecting significant differences if 
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they are present. Because the premenopausal female has a 

lipid profile consistent with a reduced risk for disease, it 

is likely that long term resistive training is needed to 

alter plasma lipids, lipoproteins and apolipoproteins. The 

primary specific aim of this study is to test this 

hypothesis. In support of this goal, the following specific 

alternative hypotheses were tested; 

(a) The levels of plasma total cholesterol, LDL 

cholesterol and TAG will be altered 

in the resistive trained women compared to the 

control females as a result of 18 months of 

resistance training. 

(b) The total HDL cholesterol will be unchanged by 

long term resistance training but the subfractions 

of HDL, HDL2 and HDL3 will be altered in the 

weight trained female relative to controls by 

increased HDL2 and the ratio of HDL2 to HDL3. 

(c) The plasma concentrations of the apolipoproteins 

A1 and B will be altered by long term resistive 

training in the experimental group relative to the 

control group by an increase in apoA1 and A 

decrease in apoB. 
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Specific Aim #2 

The second specific aim of this investigation was to 

evaluate the long term resistive training effects on body 

fat and lean soft tissue in the premenopausal female. When 

body composition has been evaluated in the current 

literature, indirect techniques have often been used. It is 

not clear however, what aspect of body composition is being 

measured with indirect techniques. Since the accurate 

assessment of the distribution of body fat is an important 

issue in health evaluation, the application of state-of-the

art technology (DXA) to determine regional and total body 

composition in relation to anthropometric indices of body 

fat distribution is an important goal of this study. 

Furthermore, body fat distribution using soft tissue 

estimates from DXA in relation to plasma lipids and CVD risk 

indices, has not been evaluated. This assessment is also a 

goal of the current investigation. 

It is uncertain from the current literature that body 

composition can be consistently altered in premenopausal 

women as a consequence of resistive training. Because of the 

intense screening of these females to insure that they were 

untrained, any alterations in body composition observed is 

likely to be due to the resistance training and not through 

the use of anabolic steroids. No long term resistive 

training study has evaluated the effects of this type of 
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exercise on an otherwise normal premenopausal female using 

this state-of-the-art technology (DXA). In support of this 

specific aim, the following alternative hypotheses were 

tested; 

(a) Certain anthropometric indices will more 

accurately assess body fat distribution than 

others. Which of these indices are more suitable 

for the assessment of body fat distribution in the 

premenopausal female will be determined by using 

DXA estimates from soft tissue evaluation. 

(b) Regional body fat and fat distribution as 

determined by DXA estimates, will be related to 

plasma lipids, lipoproteins and the 

apolipoproteins Al and B in the premenopausal 

female. 

(c) Long term resistive training will reduce total 

body fat, alter body fat distribution and the 

proportion of total body fat. Lean soft tissue 

will be increased in the resistive trained 

premenopausal female compared to the controls as a 

result of long term resistance training. 
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Specific Aim #3 

This specific aim was to evaluate any alterations in 

plasma lipids, lipoproteins and apolipoproteins in relation 

to body composition changes. Plasma lipids are known to be 

altered in relation to total body fat and fat distribution, 

although this correlation has received much less attention 

in the resistive trained female. Resistive training has 

sometimes been shown to be an effective stimulus for 

increasing lean tissue, especially muscle mass in males, yet 

the relation between lean tissue changes induced by 

resistive training and plasma lipoproteins has not been 

examined in the premenopausal female. Additionally, the 

correlation between body composition and apolipoproteins is 

much less certain, with virtually no prospective studies 

evaluating the possibility of this relation. Understanding 

this interaction is therefore an important goal in 

determining the independent effects of resistive training in 

the premenopausal female. Towards this end, the 

following alternative hypotheses were tested relative to 

this specific aimi 

(a) Changes in body fat, body fat distribution and 

lean soft tissue composition will be related to 

alterations in plasma total cholesterol, LDL 

cholesterol and triglyceride in the resistive 

trained female relative to the controls. 



(b) Alterations in the HDL subfractions and the 

apolipoproteins Al and B, will be related to 

changes in body fat, fat distribution and lean 

soft tissue in the long term resistive trained 

premenopausal female. 
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Subjects 

One hundred four premenopausal Caucasian females aged 

28-40 years, were recruited from the greater Tucson area to 

participate in a study designed to evaluate the effects of 

long term resistive training on bone mineral density and 

soft tissue composition. A detailed summary of subject 

recruitment and screening criteria are listed in Appendix C. 

Females were accepted into the study if they were in good 

health and were free of symptoms associated with diabetes 

and CVD. Additional exclusionary criteria was a history of 

participating in any regular physical activity program that 

would alter body composition or taking any medication that 

was known to alter bone mineral content. None of these women 

had experienced amenorrhea or any eating disorders and all 

women were to have a body mass index between the 5th and 

95th percentile from the NHANES survey (89). Informed 

written consent was obtained from each subject according to 

the procedures of the University of Arizona Human Subjects 

Committee. The physical characteristics, baseline plasma 

lipids and apoliporoteins A1 and B for this sample of 

premenopausal women are listed in Table 1. The data 

presented in chapters 3 and 4 were taken from the baseline 

measurement for this sample. 

After baseline screening, the women were randomly 

assigned to an exercise (n=56) and a control group (n=48). 
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Table 1 

Physical characteristics and baseline values for the plasma lipids, 
lipoproteins and apolipoproteins of sample (n=104) 

Variable Mean SD* Minimum Maximum 

age 32.00 2.40 28.00 40.00 
BMI 22.40 2.90 17.40 32.60 
body weight (kgs) 61.10 9.90 42.40 95.20 
height (cm) 165.00 6.20 153.00 177.00 
total fat (kgs) 18.60 6.90 5.80 43.80 
% total body fat (DXA) 31.40 7.00 13.90 48.90 
total cholesterol (mmollL) 5.22 0.93 2.92 8.32 
LDL-cholesterol (mmollL) 3.49 0.91 1.22 6.46 
triacylglycerols (mmollL) 0.87 0.39 0.32 2.11 
HDL-cholesterol (mmollL) 1.34 0.38 0.67 2.69 
HDL2-cholesterol (mmollL) 0.36 0.20 0.05 1.11 
HDL3-cholesterol (mmollL) 0.98 0.25 0.36 1.63 
apolipoprotein Al (mg/dl) 165.00 47.00 56.00 276.00 
apolipoprotein B (mg/dl) 43.00 21.00 9.00 134.00 

*SD = standard deviation 
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From the initial group assignment, 23 individuals in the 

exercise group (experimental) and 35 controls completed the 

18 month study. Lipoprotein analysis was obtained from 20 

females in the exercise group and 28 from the control group. 

Physical characteristics, plasma lipids and apolipoprotein 

values for these premenopausal women are listed in Table 2. 



Table 2 

Physical characteristics and plasma lipoprotein levels after 
randomization 

variable exercise control 

*body wt. **57.4 (9.5) 62.1 (9.9) 
*BMI 21.3 (3.0) 22.5 (3.0) 

*% body fat 27.8 (7.8) 32.1 (7.1) 
*fat mass 15.7 (6.6) 19.7 (7.4) 

total cholesterol (mmolfL) 5.87 (0.96) 5.56 (0.79) 
LDL cholesterol (mmolfL) 4.23 (0.94) 3.62 (0.78) 
triglyceride (mmolfL) 0.80 (0.23) 0.82 (0.35) 
HDL cholesterol (mmolfL) 1.29 (0.40) 1.58 (0.45) 
HDL2 cholesterol (mmolfL) 0.26 (0.20) 0.42 (0.25) 
HDL3 cholesterol (mmolfL) 1.02 (0.26) 1.15 (0.27) 
apolipoprotein Al (mg/dl) 169 (40) 183 (48) 
apolipoprotein B (mg/dl) 49 (16) 48 (19) 

sign. 

<0.05 
ns 

<0.05 
<0.05 

ns 
ns 
ns 

<0.05 
<0.05 

ns 
ns 
ns 

* Exercise n=23, control n=35, sample size for lipoprotein analysis. 
exercise n=20, control n=28. 

**mean (SD) 
sign. = P value for t-statistic, ns = no significant difference. 
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Training Protocol 

The training program consisted of 12 weight lifting 

exercises which in combination involve all major muscle 

groups. Experimental subjects exercised 3 times per week for 

approximately one hour and were required to complete 3 sets, 

8 repetitions per set, of each exercise. Initial training 

intensity was set at 70% of the subject's maximal lifting 

capacity (lRM) for each exercise (lRM = max weight lifted 

safely = muscle strength). The training intensity was 

gradually increased to 75% of 1 RM and was further increased 

to 80% 1 RM. 

All training sessions were supervised by qualified 

exercise leaders and each session was documented with 

program logs so that a record of the actual exercise 

accomplished (type, intensity, duration and frequency of 

workouts) by each subject was obtained. The effectiveness 

of the program for improving muscle fitness was assessed 

from regular muscle strength testing and from records of 

increased training volumes which reflected improved fitness. 

To elicit the maximum possible training adaptation, it is 

necessary to progressively overload the musculoskeletal 

system throughout the training program. To do so, the 

maximum lifting capacity (1 RM) is assessed every 6 to 8 

weeks and the training load adjusted to maintain the 

relative intensity at 70 to 80% of 1RM. 



All exercise classes were conducted in an exercise 

facility located in the Department of Exercise and Sport 

Sciences. The facility contains adequate free weights and 

resistance exercise machines to permit execution of all 

exercises, accommodating up to 15 subjects per session. 
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The effectiveness of the training program for improving 

muscle fitness was assessed by tests of muscle force 

production conducted prior to training and at 5, 12, and 18 

months of training. The r~sults for this evaluation will not 

be reported in this investigation. Muscle force production 

was defined as the peak torque generated during voluntary 

maximal contractions measured with a Cybex II dynamometer. 

Contraction speed was standardized at 30 to 180 per second 

depending on the muscle group being tested. Each muscle 

group was tested at slow and fast speeds thereby providing 

an indication of muscle strength and power. Force production 

was measured during knee flexion, extension, hip abduction 

and adduction. The validity of these standardized tests for 

assessing muscle fitness is well accepted. These four 

muscle fitness tests were selected based on the reliability 

and validity of the tests and for the functional 

relationship of the involved muscle groups with the 

measurement sites chosen for assessment of bone mineral 

content in the original study design. 
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Dual Energy X-ray Absorptiometry 

Dual energy x-ray absorptiometry (DXA) represents the 

most advanced dual energy projection technology currently 

available and is quite possibly the most accurate method for 

estimating soft tissue composition in living humans. Each 

participant had a total body scan at baseline and after 5, 

12 and 18 months of resistive training using a Lunar model 

DPX scanner (Lunar Radiation Corporation, Madison,WI) with 

software version 3.1. DXA is based on the same basic 

principles as (DPA) which have been discussed in detail 

elsewhere (90,91,92). DXA replaces the 153Gd radionuclide 

photon source with a stable x-ray tube source that does not 

decay over time. The broad range of photon energies emitted 

by the x-ray tube are filtered through a rare-earth K-edge 

(cerium) filter producing two narrow energy bands at photon 

energies of 40 and 70 KeV. As these photons pass through the 

body they are absorbed causing their attenuation. The ratio 

of the absorption (attenuation) of the lower energy relative 

to the higher is called the attenuation ratio (R value). The 

R value is dependent upon photon intensity, which is 

measured directly and the mass attenuation coefficients 

associated with soft tissue and bone. The attenuation 

coefficient for bone (Rb) is essentially invariant because 

the chemical composition of bone is relatively constant 

across the body; however, the attenuation ratio for soft 
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tissue (Rst) varies linearly from 1.274 (100% fat) to 1.473 

(100% lean) (93) based on the calibration of DXA using 

phantoms or biological tissue of known chemical composition. 

Thus, a pixel by pixel evaluation of the R values for soft 

tissue and bone (after spacially correcting for soft tissue 

over bone and assuming its composition is the same on either 

side) allows the determination of fat, lean and bone mineral 

mass for the total body or any given region. Analysis in 

this manner produces estimates of total body and regional 

soft tissue masses while minimizing the confounding effects 

of bone (94). 

Previous studies in our laboratory (92) and others (95) 

using DPA and DXA (167) have shown the precision error of 

Rst to be <1.0% for fat and <0.8% for lean body tissue. The 

reported accuracy (SEE) of DXA (using phantoms, ox thigh, or 

theoretical models) for fat range from 1.5% to 9.8% and for 

lean body tissue from 1.4% to 5.7% (96,97,98,99,100). 



47 

Total Body Scans 

Total body scans were performed using a scan speed of 8 

cm/sec and required about 20 minutes to complete. The 

typical patient radiation dose for the scan was <1.5 mrem 

(101). The image of the total body scan is contained in 

10,000 to 12,000 pixels, with each pixel being approximately 

5x10 mm. About 55-60% of the pixels correspond to soft 

tissue, with the remaining pixels containing bone and soft 

tissue (102). A typical image (calculated shadow) from a 

total body scan is shown in Figure 1a. Using the lunar 

software (version 3.1), the body was partitioned into 

regions (Figure 1a) and estimates of regional as well as 

total body composition were derived. The trunk regions were 

divided into upper and lower trunk compartments using 

operator defined regions of interest. The lower trunk 

compartment is defined as the abdomen in this study. The 

area from which the total abdominal fat mass (lower trunk 

compartment) was estimated is shown in Figure lb. The lumbar 

vertebrae L1 through L4 are clearly defined on the image and 

were used as bony landmarks to standardize the analysis 

across individual scans. Estimation of upper trunk soft 

tissue was obtained by subtracting the total trunk estimates 

for the lower trunk. 

The analysis of total body scans in this manner allowed 

for the definition of several distinct variables for 
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Figure 1 

(a) (b) 

LUWA~ 

Total body scan by DXA 

Panel (a) total body skeletal image produced by DXA 
showing the regions scanned for soft tissue estimates 
in the (l)arms, (2)legs and the (3) total trunk 
(large rectangles). 

Panel (b) indicates the area scanned (no.l small 
rectangels) for the lower trunk (abdominal) soft 
tissue estimates. 
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evaluating body fat and fat distribution: (1) total and 

regional fat masses as shown in Figure 1, (2) fat content, 

where truncal fat distribution was expressed relative to 

total body soft tissue (fat + lean, bone excluded), (3) fat 

distribution, where truncal fat distribution was expressed 

relative to total body fat and (4) the ratio of central 

(trunk) fat to peripheral fat (arm + leg fat). These 

variables were used to examine various aspects of a central 

(truncal) versus peripheral fat distribution. 
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Anthropometry 

All anthropometric measurements were made by trained 

technicians following the Arlie Anthropometric 

Standardization Conference procedures (103). Body weight 

was measured with a standard balance beam scale (Accu-Weigh 

model 150 Tk/A-58 beam scale, Metro Equipment Corporation 

Sunnyvale, Ca.), accurate to within 0.025 kg and recorded to 

the nearest 0.1 kg. Standing height was measured with a 

centimeter tape scale atta.ched to a wall. Body mass index 

(BMI) was calculated as the ratio of weight(kg) to height 

(m2 ). Skinfold thicknesses were measured in triplicate at 4 

peripheral sites (triceps, biceps, thigh, medial calf) and 4 

truncal sites (subscapular, suprailiac-waist, suprailiac

axilla, abdomen) with Harpenden skinfold calipers (British 

indicators, Ltd., St. Albans, Herts., UK). Circumferences 

were measured to the nearest 0.1 em using a steel 

anthropometric tape at 4 peripheral sites (upper arm, 

forearm, thigh, calf) and 2 truncal sites (waist, hips). The 

ratio of the sums of the truncal skinfolds to peripheral 

skinfolds, triceps to subscapular skinfold ratio together 

with the circumference ratios waist:hip, (WHR) waist:thigh 

(WTR) and the height to waist circumference ratio (HWR), 

were used as indices of body fat distribution. 

Anthropometric measurements for this sample are listed in 

Table 3. 
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Table 3 

Anthropometric measurements for the premenopausal female sample (n=104) 

VARIABLE MEAN sn* MINIMUM MAXIMUM 

Circumferences (cm) 
upper arm 27.9 2.9 22.6 36.7 
waist 72.2 7.3 58.9 92.8 
hips 99.1 7.3 81.9 124.1 
thigh 48.7 4.3 37.5 58.8 

Circumference ratios 
waist/hip 0.7 0.0 0.6 0.8 
waist/thigh 1.5 0.1 1.3 1.8 
height/waist 2.3 0.2 1.8 2.7 

Peripheral skinfolds (mm) 
triceps 20.2 6.0 8.9 34.4 
biceps 8.0 4.1 2.3 21.2 
thigh 31.4 10.6 13.2 63.0 
calf 18.7 6.8 4.9 40.0 
sum peripheral 78.2 27.0 21.5 173.5 
skinfolds 

Truncal skinfolds (mm) 
subscapular 14.4 5.6 6.7 31.1 
suprailiac (ax) 13.0 6.4 3.3 37.7 
suprailiac (waist) 15.3 8.2 4.5 47.0 
abdominal 26.5 9.3 7.0 59.3 
sum truncal 69.2 24.2 34.0 147.0 
skinfolds 

Skinfold ratios 
trTJD> 0.9 0.2 0.4 1.3 
subscap/tricep 0.7 0.2 0.3 1.3 

* SD = Standard Deviation 
t Ratio of the sums of the truncal skinfolds to peripheral skinfolds 
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Blood Collection and Sample Handling 

Venous blood was collected by venipuncture from each 

subject after an overnight fast at baseline, after 5 months, 

12 months and 18 months of training, using a vacutainer and 

EDTA containing purple top test tubes (Becton Dickinson). 

Blood was collected from each subject about the same time of 

day during the early follicular phase (days 1-5). Plasma was 

separated from the cellular components by centrifugation 

(1500 rpm for 10 minutes), aliquots were placed into freezer 

vials and stored at -700 C until analyzed. The baseline 

samples were stored approximately three years before 

analysis and the 18 months samples for about 1 year. Since 

only a single aliquot was available for analysis of lipids, 

lipoproteins and apoliporotein, complete analysis of each 

sample on the same day was not possible, therefore each 

sample was thawed on ice, assayed, recapped and placed 

immediately back into the -700 C freezer. This process was 

repeated until completion of all assays. All samples were 

handled in the same manner. 
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Lipoprotein Analysis 

Total cholesterol (tChol) was measured by an enzymatic 

method using high performance cholesterol reagent (CHOD-PAP) 

and Preciset cholesterol standards purchased from the 

Boehringer Mannheim Corporation (Boehringer Mannheim 

Diagnostics, Indianapolis, In.). Plasma triacylglycerols 

(TAG) concentrations were also measured by an enzymatic 

method using the glycerol blanked triglyceridejGB test kit 

purchased from Boehringer Mannheim. 

High density lipoprotein cholesterol (HDL) was 

determined in the supernatant, using the cholesterol 

procedure as stated above, after precipitation of the 

apolipoprotein B (apoB) containing lipoproteins with 

dextran-sulfate:MgCI2 solution (104). The HDL2 and HDL3 

subfractions were determined by a dual precipitation 

technique using polyethylene glycol (PEG) (105). The 

subfractions were expressed relative to the total HDL 

estimates as determined by the dextran-sulfate:MgCI2 

procedure. 

In this procedure solution A (9.5% PEG, pH 6.5) is 

added to an aliquot of plasma to precipitate all of the apoB 

containing lipoproteins. To a second aliquot from the same 

plasma sample, solution B (15% PEG, pH 7.5) is added to 

precipitate the apoB containing lipoprotein and the HDL2 

subfraction. This last precipitation step estimates HDL3. 
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HDL2 is obtained by subtracting the cholesterol value from 

the supernatant in solution A from the value obtained in the 

supernatant of solution B. This dual precipitation technique 

has been shown to be highly correlated with the 

determination of the HDL subfractions by ultracentrifugation 

(r=0.92) (105). 

Low density lipoprotein cholesterol (LDL) was estimated 

by the Friedwald equation (106). This procedure has been 

shown to be significantly correlated with 

ultracentrifugation (r=0.85) and to correctly classify 88% 

of patients using the nationally established cutpoints for 

LDL by the National Cholesterol Education Program (107,108). 

A more detailed description of all lipoprotein analysis 

and procedures can be obtained in Appendix D. 
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Apolipoprotein Analysis 

The apolipoproteins A1 and B (apoA1 and apoB) were 

determined by a "sandwich" enzyme linked immunosorbent assay 

(ELISA) (109,110). The procedures used for both 

apolipoproteins were essentially the same (details of the 

procedures are listed in Appendix D). This method involves 

the coating of polystyrene microtitre plates with an 

antibody directed against apoA1 or apoB. After coating, the 

plates are washed and the non-specific binding sites are 

blocked with 1% BSA. The plates are again washed and diluted 

sample or standard is added to each well in triplicate. The 

plates are washed and a second antibody directed against 

apoA1 or apoB, conjugated with alkaline phosphatase, is 

added to the wells. After incubation, the plates are washed 

and substrate is added for color generation. The reaction is 

stopped with the addition of 1M NaOH. The optical density is 

determined at 410 nm on a microtitre plate reader interfaced 

with a microcomputer and is quantified using commercially 

available software. Both the capture antibody and the 

alkaline phosphatase conjugated detection antibody were 

purchased from the same manufacture (Biodesign 

International, Kennebunkport, ME). For the solid phase, 96 

well polystyrene Maxi-Sorp microtitre plates were purchased 

from Nunc-Immunoplate (Kamstrup, Dk). ApoAl and apoB serum 

standards were obtained from Boehringer Mannheim. 
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Quality Control 

The quality control of the lipoprotein assays were 

monitored by participating in the Center for Disease Control 

(CDC) Standardization Program. The Lipid Metabolism 

Laboratory, Department of Nutritional Sciences, University 

of Arizona, has maintained certification in this program 

since 1988. For the apolipoprotein assay, three serum pools 

of known concentrations (provided by Dr. Santica Marcovina 

from the Northwest Lipid R~search Laboratories, Seattle, 

Wa.) were used as internal controls on each microtitre 

plate. Values for the three serum controls obtained from the 

standard curve was adjusted to yield results closest to 

their known concentrations, the same adjustment was then 

applied to the unknown plasma samples (111). Plasma samples 

were diluted 1/10000 for both apoA1 and apoB, all samples 

and standards were assayed in triplicate. The average within 

plate variability (CV%) for each microtitre plate for apoA1 

ranged form 8.6 to 23.7%, for apoB the range was 5.8 to 

15.5. The variability among plates was 7.1% for apoA1 and 

7.3% for apoB (n=10). All samples were assayed as a block, 

with the same subject having all samples from baseline,S, 

12 and 18 month sampling period within each assay. The 

principal references and a detailed outline for each of the 

lipoprotein and apolipoprotein assay procedures, along with 

assay performance is given in Appendix D. 
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Dietary Assessment 

Dietary intake was assessed by a diet history at entry 

into the study using a food frequency questionnaire. 

Nutrient intake was determined from 8 days of randomly 

assigned diet records per year. Four days were selected 

prior to the 5th, 12th and 18 month testing periods. 

Recording days included 3 weekdays and 1 day during the 

weekend. Trained research assistants obtained the diet 

recalls and records in face-to-face contacts by phone and 

by mail. The initial face-to-face diet interview included a 

diet history assessment and subject training on how to 

report food intake descriptions and accurately estimate 

quantities of intake. Subjects were given visual aids to 

help estimate quantities of foods and supplements consumed 

for subsequent diet recall reports. For the original 

investigation, subjects were given calcium supplements to 

support a calcium intake of 500 mg/day. To promote 

compliance for calcium intake, subjects kept daily logs of 

intakes of calcium supplement and foods with high calcium 

contents. These logs were collected and analyzed monthly. 

All dietary diet analysis was completed using the "1986 

USDA Continuing Survey of Food Intake by Individuals" data 

base. Dietary intake data was analyzed for total Kilocalorie 

intake, percent Kilocalories from protein, carbohydrates, 

fats and alcohol; selected minerals including calcium, 
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phosphorous, iron, sodium, potassium and selected vitamins 

including vitamin A and carotene, thiamin, niacin, 

riboflavin, ascorbic acid and vitamin D. Assessment of 

intake levels for dietary fibers and caffeine was also 

included. Nutrient supplements or food supplement intake 

were reported separately and combined with food intake data. 
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Statistical Analysis 

Statistical comparisons between the exercise and 

controls over the 18 month training period were evaluated 

using a repeated measures analysis of variance with 

polynomial contrasts. This type of split-plot analysis 

examines the change in the experimental group relative to 

the controls over the duration of the entire study period 

and does not evaluate the difference between the groups at 

any particular time point (112). 

Analysis of covariance (ANCOVA) using body composition 

variables (lean soft tissue, body fat and fat distribution) 

as a covariate were used to adjust the cell means (113) 

because of the suspected relation between body composition 

and plasma lipoproteins. Another probable covariate was 

dietary intake, which was broken down into total calories 

and percentage of calories due to fat, protein and 

carbohydrate. Thus, a cell mean could potentially be 

adjusted by a number of covariates using the regression 

techniques outlined by Winer (112). 

Least squares linear regression analysis and the 

Pearson product-moment correlation coefficient were used to 

assess the relationship between plasma lipids, 

apolipoproteins and the body composition variables. All 

values are represented as the mean and the standard 

deviation (SD). Stepwise multiple regression analysis was 



60 

used to evaluate the independent relationship among fat 

distribution variables and certain plasma lipids. Where 

appropriate, both the paired and unpaired two sample t-test 

were also utilized. 

Tests of assumptions were performed before analysis, 

skewness in the data along with potential outliers were 

evaluated by the use of boxplots and stem-and-leaf displays 

(114). The level of significance for this study was an alpha 

level of 0.05. 



CHAPTER 3 

VALIDATION OF ANTHROPOMETRIC INDICES OF BODY FAT 
DISTRIBUTION USING DUAL ENERGY X-RAY ABSORPTIOMERY 

ABSTRACT 
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Dual energy X-ray absorptiometry (DXA) was used to 

estimate the fat mass of the total body, arms, legs, total 

trunk and the lower (abdominal) trunk along with the 

distribution of fat in 104 premenopausal females, aged 28-40 

years. These direct in vivo estimates from DXA were used to 

assess the validity of anthropometry for predicting fat 

distribution as well as the total and regional fat mass. The 

waist, upper arm and hip circumferences, the BMI, the sums 

of the truncal and peripheral skinfolds and the height to 

waist circumference ratio, were significantly correlated 

with total and regional fat mass (r=0.69 to 0.94). The 

correlations between anthropometry and fat distribution were 

generally lower than the correlations comparing 

anthropometry to regional and total fat mass. This 

observation however, was dependent on how the distribution 

of fat was represented. When fat distribution was expressed 

relative to total soft tissue, the correlations for the 

waist and upper arm circumference, height to waist 

circumference ratio, the sums of the truncal and peripheral 

skinfolds and the BMI ranged from 0.79 to 0.86. When the 
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same indices were correlated with fat distribution relative 

to total body fat or the ratio of central to peripheral fat, 

the correlations ranged from 0.35 to 0.68. The waist and 

upper arm circumference, the height to waist circumference 

ratio, along with the ratio of the sums of the truncal to 

peripheral skinfolds were more useful indexes for fat 

distribution in the premenopausal female than the more 

commonly used waist to hip circumference ratio, waist to 

thigh circumference ratio ,and the triceps to subscapular 

skinfolds ratio. 
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INTRODUCTION 

Obesity is generally considered to be a risk factor for 

a number of diseases. Furthermore, recent evidence indicates 

that the distribution of fat, particularly the fat content 

of the abdominal and truncal regions, is an additional 

independent determinant of disease risk (115,116). Because 

regional fatness is now important in evaluating health risk, 

the accurate estimation of regional fat content and fat 

distribution is an important issue in body composition 

assessment. 

The recent application of imaging technologies to the 

evaluation of body composition has made it possible to 

obtain precise and accurate estimates of total body fat 

mass, fat-free body mass and the bone mineral content of the 

body. With these technologies, it is also possible to 

estimate regional body fat content, which may have the 

greatest impact for predicting disease risk (117,118,119). 

Computed axial tomography (120,121,122) and magnetic 

resonance imaging (123), for example, have recently been 

used to estimate the volume of total and intra-abdominal 

fat. Dual photon absorptiometry (DPA) has also been used to 

estimate both total body and regional soft tissue 

composition and has the advantage of producing direct mass 

estimates in vivo of lean, fat and bone mineral content 

(124,125). However, the precision of this technique can be 
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affected by decay of the radioactive source (96). 

A new technology, dual energy X-ray absorptiometry 

(DXA) has overcome the potential drawback of DPA by 

replacing the radionuclide source with a stable x-ray 

generator. Recent studies have shown that DXA is capable of 

producing precise and accurate mass estimates of both 

regional (arms, legs and trunk) and total body fat, lean 

soft tissue and bone mineral content (102,126,127,128). In 

addition, this technology allows the partitioning of truncal 

fat into upper and lower compartments, such that the lower 

trunk compartment corresponds to an estimate of total 

abdominal fat. 

Before the development of these technologies, the 

estimation of body fat distribution was derived from 

indirect anthropometric measurements. Skinfolds and 

circumferences (and their ratios) have been used extensively 

in the literature to estimate parameters of fat 

distribution. However, it is not clear what aspect of fat 

distribution is being measured with anthropometry, because 

there are other components of body composition that are 

included besides body fat. Furthermore, only a limited 

number of studies correlating anthropometry with regional 

mass estimates of fat or the proportional distribution of 

fat have been conducted~ Since DXA allows for the direct in 

vivo assessment of total and regional fat masses, this 



65 

technology provides the unique opportunity to correlate 

these quantitative estimates with anthropometric 

measurements to determine their validity. Therefore, the 

purpose of this report is to determine the association of 

selected anthropometric indices of fat distribution with DXA 

estimates of total and regional fat masses in a sample of 

premenopausal females. 
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RESULTS 

The distribution of fat mass as estimated by DXA is 

shown in Table 4. The sum of the fat content for the total 

trunk, arms and legs equaled 92.7% of the total body fat. 

The remaining 6.3% was distributed between the pelvic and 

head regions (see Figure 1a). The fat in these regions was 

relatively constant among these females ranging from 4-11%. 

Correlation coefficients and the standard errors of the 

estimate (SEE%) for the regression analysis of total body 

and regional fat mass with anthropometric measurements are 

summarized in Table 5. The results for the sums of the 

peripheral and truncal skinfolds are listed in the table 

because their correlations with the DXA estimates of total 

and regional fat mass were generally greater than any 

individual skinfold (r values for individual skinfolds 

ranged from 0.67 to 0.80). The correlations between the 

peripheral circumferences (upper arm, forearm, thigh, calf,) 

and DXA variables were similar in magnitude to the 

correlations for the individual skinfolds (individual 

circumference r values ranged from 0.62 to 0.84); however, 

the correlations between the DXA variables and the upper arm 

circumference were consistently greater; hence the results 

for this peripheral circumference only are listed in the 

table. 

There were no significant differences between the 
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Table 4 

Distribution of body fat as estimated by DXA 

VARIABLE MEAN SD* MINIMUM MAXIMUM 

trunk fat (kg) 6.6 2.9 1.2 16.2 
upper 2.7 1.4 0.4 7.6 
lower 3.9 1.6 0.8 8.6 

trunk fat as % of total 34.7 4.4 19.8 44.3 
body fat 

upper 13.9 2.6 6.7 19.3 
lower 20.8 2.5 13.1 26.4 

upper trunk fat as % 
of total trunk fat 39.8 3.9 29.3 50.2 

lower trunk fat as % 
of total trunk fat 60.2 3.9 49.8 70.7 

total arm fat 
total mass (kg) 2.0 1.3 0.4 8.6 
as % total body fat 10.3 2.3 6.3 19.7 

total leg fat 
total mass(kg) 8.5 2.6 3.0 16.0 
as % total body fat 46.9 4.5 36.5 59.9 

* SD = Standard Deviation 



Table 5 

Correlations between anthropometric measuremenLs and LoLal and regional fat masses from DXA (kg) n=104 

SKINFOLDS 

DEP.VARIABLE BMI .! PSKFS .! TSKFS .! TIL P ·Subsc/l'ri Waist 

totai" fat 0.94* 0.81 0.84 0.27 0.11 0.88 
(12.8)§ (21.8) (24.5) (36.1) (37.1) (17.8) 

total trunk faL 0.94 0.79 0.84 0.38 0.18 0.92 
(15.4) (28.8) (24.5) (41.5) (44.1) (17.8) 

upper trunk fat 0.93 0.78 0.82 0.36 0.17 0.91 
(19.1) (31.9) (28.9) (47.5) (50.1) (21.6) 

lower trunk fat 0.93 0.78 0.83 0.39 0.19 0.91 
(15.0) (26.2) (22.9) (18.7) (19.3) (17.1) 

total leg fat 0.88 0.81 0.72 0.17 0.02 0.80 
(14.3) (17.9) (21.1) (30.1) (30.3) (18.3) 

total arm fat 0.92 0.77 0.75 0.25 0.14 0.84 
(24.7) (40.4) (41.3) (60.9) (62.0) (33.6) 

• Skinfold abbreviations 
! PSKFS = sum of peripheral skinfolds (triceps + biceps + thigh + calO 
! TSKFS = sum of truncal (subscapular + suprailiac - axilla + suprailiac. waist + abdominal 
!TIL P = Ratio of the sums of the truncal skinfolds to peripheral skinfolds 
Subscll'ri = subscapular skinfoldltriceps skin'rold 

t Circumference abbreviations 
Upr Arm = upper arm circumference (em) 
WHR = waist circumference (cm}lhip circumference (cm) 
WTR = waist circumference (emYthigh circumference (cm) 
HWR = height (cmYwaist circumference (em) * Pearson correlation coefficient (r). Any correlations> 0.33 is statistically significant. 

§ Standard error of the estimate as a % of the mean 

CIRCUMFERENCES 

Hip tUprArm tWHR 

0.91 0.90 0.36 
(15.9) (16.6) (34.6) 

0.88 0.90 0.46 
(21.4) (19.3) (39.8) 

0.87 0.91 0.45 
(25.4) (21.6) (45.4) 

0.87 0.89 0.46 
(20.3) (19.3) (36.8) 

0.90 0.83 0.24 
(13.2) (16.7) (29.6) 

0.84 0.88 0.38 
(34.4) (30.2) (57.8) 

tWTR 

0.18 
(36.8) 

0.31 
(42.6) 

0.30 
(48.5) 

0.31 
(39.4) 

0.02 
(30.3) 

0.22 
(61.20) 

tHWR 

-0.79 
(23.0) 

-0.85 
(23.9) 

-0.83 
(28.3) 

-0.84 
(22.3) 

-0.69 
(22.1) 

-0.77 
(39.7) 

0'\ 
OJ 



69 

correlation coefficients for the sums of the truncal 

skinfolds and the peripheral skinfolds in predicting total 

or regional fat mass. A similar observation was noted for 

the circumferences, except that the correlation coefficient 

for the relationship between the hip circumference and leg 

fat mass was significantly greater than the correlation 

coefficient for the waist circumference and leg fat mass 

(P<O.05). A highly significant correlation with total and 

regional fat mass and the BMI was found for all locations. 

The skinfold and circumference ratios were correlated 

with total and regional fat masses to a significantly lesser 

extent (P<O.05) than the correlation coefficients for the 

skinfold sums and the individual circumferences with total 

and regional fat masses. In contrast, the height to waist 

circumference ratio was correlated with regional fat to the 

same degree as the sums of the skinfolds and the 

circumferences, and was significantly better at predicting 

trunk fat than the WHR and the WTR (P<O.05). 

The relationships between anthropometry and the truncal 

(central) distribution of fat are summarized in Table 6. 

Truncal fat distribution was assessed relative to total body 

and peripheral fat (fat distribution) and total body soft 

tissue (fat content). Together these DXA variables represent 

various aspects of a central versus peripheral fat 

distribution. 



Table 6 

Correlations bel ween anlhropometry and relative measures oftruncal fat distribution and content n=I04 

SKINFOLDS 
DEP.VARIABLE BMI .1: PSKFS -1: TSKFS -1: Til: P ·Subscll'ri Waist 
Fal Content 

lolal fat 0.85t 0.85 0.80 0.23 0.07 0.76 
(as % tolai soft tissue)§ (12.0)11 (11.8) (13.5) (21.8) (22.4) (14.8) 

totnl lrunk fat 0.86 0.79 0.86 0.42 0.19 0.84 
(as % lotal soft tissue) (15.5) (18.6) (15.6) (27.4) (29.7) (16.6) 

lower trunk fal 0.82 0.80 0.83 0.20 0.43 0.80 
(as % lolnl soft lissue) (15.6) (18.2) (15.3) (27.1) (25.1) (16.6) 

Fat Dislribution 
lotnl trunk fat 0.56 0.39 0.66 0.66 0.33 0.68 
(as a % lolal fall (10.6) (11.8) (9.7) (9.7) (12.1) (9.4) 

lrunk fatl 0.51 0.34 0.62 0.64 0.33 0.64 
peripheral fal •• (15.8) (17.9) (14.5) (14.2) (11.3) (14.2) 

lower trunk fat 0.36 0.19 0.47 0.60 0.34 0.48 
(as a % lotal fat) (11.2) (11.9) (11.7) (9.7) (11.3) (10.6) 

lower trunk fatl 0.38 0.20 0.50 0.62 0.35 0.51 
peripheral fat (16.0) (17.1) (8.9) (13.6) (16.0) (8.9) 

- Skinfold abbreviations 
1: PSKFS = sum of peripheral skinfolds (triceps + biceps + thigh + calO 
1: TSKFS = sum oftruncal (subscapular + suprailiac. axilla + suprailiac • waist + abdominal) 
1: Til: P = Ratio of the sums ofthe truncal skinfolds to peripheral skinfolds 
Subscfl'ri = subscapular skinfoldllriceps skinfold 

t Circumference abbrevialions 
Upr Arm = upper arm circumference (em) 
WHR = waist circumference (cm)lhip circumference (cm) 
WTR = waist circumference (cm)/thigh circumference (em) 
HWR = height (cm)/waist circumference (cm) 

f Pearson correlation coefficient (r). Any correlations> 0.33 is statistically significant. 
§ Soft tissue = fat + lean mass (bone excluded) 
II Standard error of the estimate as a % ofthe mean 
_. Peripheral fat = arm fat + leg fat 

Hip 

0.81 
(13.3) 

0.79 
(18.7) 

0.75 
(1R.3) 

0.49 
(11.2) 

0.42 
(16.6) 

0.28 
(11.6) 

0.27 
(9.9) 

CmCUMFERENCES 
tUpr Arm tWHR 

0.81 0.27 
(13.3) (21.6) 

0.84 0.44 
(16.6) (27.7) 

0.79 0.42 
(17.1) (25.1) 

0.59 0.56 
(10.4) (10.7) 

0.54 0.56 
(15.5) (15.3) 

0.35 0.47 
(11.3) Cll.7) 

0.38 0.52 
(16.0) (14.7) 

tWTR 

0.12 
(22.3) 

0.33 
(28.5) 

0.32 
(26.2) 

0.59 
(1004) 

0.61 
(14.6) 

0.55 
(10.1) 

0.59 
(13.9) 

tnWR 

-0.75 
(14.7) 

0.84 
(16.2) 

-0.82 
(15.9) 

-0.70 
(9.1) 

-0.67 
(13.7) 

-0.52 
(10.3) 

-0.56 
(14.5) 

-.J 
o 
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The correlation coefficients between the BM! and the 

fat content variables were significantly greater (P<O.05) 

than the correlation coefficients comparing the BM! and the 

fat distribution variables. The same pattern was observed 

for the sums of the peripheral and truncal skinfolds, along 

with the waist, upper arm and hip circumferences. All of 

these variables predicted fat content to a greater degree 

than fat distribution (Figure 2b and 2c). The ratio of the 

sums of the truncal skinfolds to the peripheral skinfolds 

however, had significantly higher (P<O.05) correlations with 

fat distribution than fat content. 

The sum of the truncal skinfolds was correlated to a 

greater degree with all of the fat distribution and fat 

content variables than any individual truncal skinfold. The 

sum of the peripheral skinfolds however, did not correlate 

as well with trunk fat distribution (as % of total body fat) 

as did the triceps (r=O.47) or biceps (r=O.52) and similarly 

for the ratio of trunk fat to peripheral fat (triceps 

r=O.45,bicep r=O.49). 

Of the peripheral circumferences, the upper arm 

circumference was significantly related to all measures of 

fat content and fat distribution and was correlated to a 

greater extent with these variables than any of the other 

individual peripheral circumferences measured. The 

correlation coefficients for the waist circumference and all 
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fat distribution variables were significantly greater 

(P<O.OS) than the hip circumference correlations. Although 

the correlations for the waist circumference and the HWR 

were greater than the WHR for all of the fat distribution 

and fat content variables, only the correlation coefficients 

for fat content were statistically significant (P<O.OS). 
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DISCUSSION 

Much of the research investigating the relationship 

between body composition and disease, or the metabolic 

disturbances associated with a greater amount of central 

(abdominal) fat, has been developed using the indirect 

measurements of anthropometry (65). In order for 

anthropometric measurements of total fat and fat 

distribution to be valid, certain assumptions must be made, 

such as a constant skin t~ickness and compressibility among 

the skinfold sites, a constant ratio of external to internal 

fat or that bone is proportional to the amount of muscle for 

a given circumference (129). These assumptions however, may 

not be valid for indices of regional fatness and fat 

distribution (130,131). With the development of imaging 

technologies the utility of anthropometry and its ability to 

adequately reflect the distribution of body fat can be 

tested directly. In this investigation we have used dual 

energy X-ray absorptiometry (DXA) to quantify the fat mass 

of the total body along with the regional fat masses in the 

arms, legs and trunk in a sample of premonopausal females 

ranging from 14 to 49 percent body fat. Using operator 

defined regions of interest, the trunk was further divided 

into upper and lower compartments. The lower trunk 

compartment corresponded to the abdominal area (L1-L4), 

allowing the estimation of total abdominal fat, which is 



thought to be an independent risk factor for disease 

(115,117,65,118,119). 
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In the present study, estimates of total body fat and 

lean soft tissue mass are derived from the total body Rst 

value. Analysis in this manner allows for the estimation of 

soft tissue mass independent of bone minimizing its 

confounding effects. Previous studies from our laboratory 

using this sample however, have shown that total body 

percent fat as estimated by DXA (total body mass=fat + lean 

soft tissue + bone) compared well to percent body fat as 

determined from densitometry (r=0.92) (128). This 

correlation is also in good agreement with previously 

published results (r=0.89) comparing DXA and densitometry in 

an older population of women (98). 

The relatively high fat content (57.2%) in the 

periphery (arms + legs) was consistent with other studies 

that have shown that females carry a large proportion of fat 

in these regions, particularly the lower body (132). 

Several anthropometric measurements were found to be 

highly correlated with regional and total fat mass. The BMI 

was highly correlated with the fat mass estimates in all 

regions, particularly the abdominal region, confirming the 

observations made by Enzi et ale (133) in a male and female 

sample aged 20 to greater than 60 years using computed 

tomography. Total body fat mass was also highly correlated 
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with the BMI in our sample (r=0.94 P<O.OO). These results 

agree with the earlier findings of Garrow and Webster (134) 

who reported a high correlation (r=0.95) between BMI 

(Quetlets Index) and densitometrically determined body fat 

in their sample of women aged 14 to 60 years, and in several 

female populations as summarized by Lohman (135). 

The waist circumference was also highly correlated with 

fat mass in all regions, particularly the fat mass in the 

lower trunk compartment (Figure 2a) and was significantly 

greater (P<O.Ol) at predicting fat in this region than the 

WHR. This result is comparable to the recent findings of 

Despres' et ale (122) using computed tomography, they found 

the waist circumference to be correlated (r=0.97) to a 

greater degree with total abdominal adipose tissue in a 

sample of 110 men (age 17-42 years) than the WHR (r=0.81). A 

similar result was observed by de Ridder et ale (136) using 

magnetic resonance imaging to evaluate a sample of pubertal 

females. These investigators found that the correlation 

between the waist circumference and total abdominal adipose 

tissue was 0.79, whereas the WHR correlation was -0.07. 

The measures of fat distribution and fat content, as 

determined by DXA, were correlated to a lesser degree with 

anthropometric variables than were the absolute fat mass 

estimates (Table 5). The relationships were also somewhat 

variable depending on whether truncal fat distribution was 
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represented relative to total body fat, the ratio of central 

(trunk) fat to peripheral fat (fat distribution) or relative 

tot'al body soft tissue (fat content) (Table 6, Figure 2). 

Although the skinfolds and circumference ratios were 

only moderately correlated with fat distribution and fat 

content variables, the ratio of the sums of the truncal to 

peripheral skinfolds was correlated to a greater degree than 

the WHR or the triceps to subscapular skinfold ratio. The 

height to waist circumference ratio on the other hand, was 

highly correlated with the fat content variables and had the 

highest correlations with all fat distribution variables 

than any of the skinfold and circumference ratios. 

Total fat mass was highly correlated with all of the 

individual skinfolds measured but was greatest in the sums 

of the peripheral and truncal skinfolds, a finding that is 

consistent with those of Jackson and Pollock who used 

densitometry to determine body fat content (137). The waist 

and hip circumferences were also highly correlated with 

total body and regional fat mass. It is interesting however, 

that both the upper arm circumference and the height to 

waist circumference ratio, were highly correlated with total 

body and regional fat masses in addition to fat distribution 

and fat content. Despite being easy to measure and 

reproducible, these measurements are infrequently used, yet 

the data indicates that they may be better measures of total 



body fat, fat distribution and fat content than other 

anthropometric measurements in the premenopausal female. 
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From the results of this investigation, relating 

anthropometry to the quantitative total and regional fat 

mass estimates from DXA, we conclude that the simple waist 

circumference along with the less commonly used upper arm 

circumference and height to waist circumference ratio, are 

better predictors (greater correlation) of total body and 

regional fat along with fat distribution than the more 

commonly used waist:hip, waist:thigh and tricep:subscapular 

ratios. Since the measurement of upper arm circumference and 

the height to waist circumference ratio require a minimum 

amount of technical expertise and equipment, they might 

prove useful for epidemiological or clinical applications. 



CHAPTER 4 

RELATIONSHIP BETWEEN PLASMA LIPIDS AND THE 
APOLIPOPROTEINS Al AND B WITH BODY FAT DISTRIBUTION 

ABSTRACT 
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Total body fat along with the fat mass in the arms, 

legs, upper trunk and lower trunk were estimated by dual 

photon x-ray absorptiometry (DXA) in a sample of 101 

premenopausal females, aged 28-40 years. This technology 

permits a more direct assessment of the relation between 

body fat distribution and fat content with plasma 

triacylglycerols (TAG), lipoproteins and the apolipoproteins 

A1 and B. The fat masses along with the distribution of fat 

(expressed as a percent of total body fat), fat content 

(percent of total body soft tissue, bone excluded) were 

determined in the arms, upper trunk, lower trunk and the 

legs. There was a significant inverse relation with HDL (r=-

0.22 to -0.29 and the subfractions of HDL, at all 

locations for body fat mass and a significant positive 

correlation with TAG (r=0.45 to 0.51) and the risk indices 

for CVD tChol/HDL and LDL/HDL (r=0.25 to 0.36). Similar 

results were observed for body fat distribution in the arms 

and upper and lower trunk. The relationship for fat 

distributed in the legs however, was reversed (r=-0.40 for 

TAG and r=0.19 for HDL) and was inversely related to CVD 

risk ratios. Multivariate analysis revealed a significant 
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and independent relationship between upper and lower trunk 

fat with HDL regardless of how fat was represented (fat 

mass, fat distribution or fat content). The apolipoproteins 

Al and B and their ratio along with the ratio of the HDL 

subfractions HDL2/HDL3 were unrelated to body fat 

distribution. The results of this investigation confirm that 

the accumulation of fat in the upper body region, 

particularly the upper trunk and including the arms in 

premenopausal women, is cqnsistent with an increased risk 

for CVD. Body fat that is distributed in the legs does not 

appear to be associated with CVD risk. 
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INTRODUCTION 

Obesity is considered a risk factor for a number of 

chronic diseases, such as stroke and hypertension, non

insulin dependent diabetes (NIDDM), certain forms of cancer 

and CVD (65). The strength of the association between 

obesity and CVD however, still remains controversial. Some 

feel this association is relatively weak unless symptoms of 

disease are present (138). This viewpoint largely exists for 

three reasons: (1) the symptoms associated with disease risk 

and obesity require a relatively long incubation period 

before detection (139,140) thus, only studies involving long 

term follow up such as the Framingham study (141) are able 

to detect this association. (2) The risks for CVD associated 

with obesity may be population specific and require the 

presence of additional metabolic anomalies such as insulin 

insensitivity (142). (3) The measurement of body fat is 

often times dependent on indirect techniques that are unable 

to adequately determine the distribution of body fat content 

within various adipose tissue depots representing obesity as 

a single disorder, namely excess body fat. 

Although Vague et ale (143) pointed out the risks of 

disease associated with a male (android) fat patterning in 

the late 1940's and early 1950's, the metabolic anomalies 

associated the distribution of fat were primarily brought 

into focus by the work of Kissebah et ale (144) and 
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Krotkiewsky et ale (145). Kissebah clearly demonstrated 

glucose intolerance and decreased insulin sensitivity were 

related to upper body (android) obesity. The work of 

Krotkiewsky and Bj5rntorp confirmed a significant 

association between cells taken from the epigastric and 

hypogastric depots and fat cell weight, insulin, glucose and 

TAG levels. This relation was not seen in cells taken from 

the femoral or gluteal regions. These findings demonstrated 

the possibility that adipose tissue from different regions 

exhibited different metabolic characteristics and therefore 

was likely to have varying impacts on health. 

Since this work, numerous studies have been published 

using the waist circumference to hip circumference ratio 

(WHR) as a measure of upper body (android) obesity. This 

index has also been correlated with a number of metabolic 

parameters related to risk for disease (146,67,147,148 149). 

The WHR has been a useful and simple measure of fat 

distribution in these studies, but at best, this index is an 

indirect technique. Furthermore, it is not clear from this 

measurement what aspect of fat distribution is being 

measured. For example, it is unclear whether the WHR index 

measures abdominal fat mass, the proportion of fat in the 

upper body or a peripheral versus central distribution of 

fat. Indirect techniques are incapable of resolving this 

ambiguity. 
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More recently, imaging technologies capable of more 

direct measurement of body composition, have been applied to 

the assessment of body fat in an attempt to achieve a 

greater understanding of the relation between body fat 

distribution and the metabolic parameters associated with 

disease. Computed axial tomography (CT), for example, has 

been used to evaluate the relationship between intra

abdominal fat area and plasma lipids, free fatty acids, 

glucose tolerance and insulin sensitivity in premenopausal 

women (150,151,152) and plasma lipids in obese premenopausal 

females (153). Dual photon absorptiometry (DPA) has also 

been used to estimate total and regional fat masses and 

subsequently correlated with plasma lipoprotein 

concentrations in a sample of overweight men and women, 

average age 39 and 40 years respectively, (154) and in an 

older sample of postmenopausal women aged 55-75 years (155). 

CT has the advantage of allowing the estimation of the 

abdominal SUbcutaneous and the deep (visceral) adipose 

tissue area. Some studies have shown an independent 

association between metabolic anomalies with this deep 

intra-abdominal fat area (156,157) however, the independence 

of these two depots has not been consistently demonstrated 

in the literature (158,159). In addition, Schwartz et ale 

(160) using CT, have shown that exercise training reduced 

both the abdominal subcutaneous and intra-abdominal adipose 
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tissue equally in young and elderly males. From a metabolic 

standpoint, abdominal subcutaneous adipose tissue tends to 

be more like deep (visceral) adipose tissue than adipose 

tissue in the femoral gluteal regions and responds similarly 

to lipolytic stimuli (161,162,163,164). Thus, it seems that 

the accurate assessment of total abdominal fat may be the 

more important determinant of the risks associated with 

obesity, a view shared by Despres' et ale (30). 

DPA can yield precise and accurate in vivo estimates of 

total body and regional fat mass, lean tissue and bone 

mineral content (165,166). This technology, however, can be 

confounded by decay in the gadolinium source (96). A new 

technology, dual energy x-ray absorptiometry, (DXA) has 

overcome this potential problem by replacing the gadolinium 

source with a stable x-ray generator that does not decay 

over time (102). DXA, although based on the same basic 

principles as DPA, has been demonstrated to have greater 

precision and accuracy for the estimation of body 

composition (100,96,127,167). Because fat and lean soft 

tissue estimates by DXA come from direct in vivo 

measurements and are estimated independent of bone, the 

distribution of fat can be determined in a more direct 

fashion. Thus, the hypothesized relationship between body 

fat distribution and the plasma lipoproteins associated with 

lipid metabolism can be tested using these direct in vivo 
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estimates of fa-t mass, fat distribution and fat content. No 

study to date has used DXA estimates of fat and fat 

distribution to evaluate their relationship with plasma 

lipoproteins, the subfractions of HDL and apolipoproteins 

along with CVD risks ratios. Therefore, it was the aim of 

this investigation to examine the relationship between body 

fat mass, fat distribution and fat content as estimated by 

DXA with plasma lipids, lipoproteins and apolipoproteins 

from the baseline analysis for this sample of premenopausal 

females aged 28-40 years. 
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RESULTS 

Relationship between lipoproteins and apolipoproteins 

The mean concentrations for the plasma lipids and 

apolipoproteins are listed in Table 1, page 40. The 

correlations among the lipoproteins are listed in Table 7 

for this sample of premenopausal females. The mean 

lipoprotein concentrations are within the 40-60% range for 

age and sex matched individuals and as a group were at an 

average risk for CVD (12,15). Total cholesterol was 

significantly correlated with LDL (r=0.93, P<O.Ol) and the 

apolipoproteins A1 and B were significantly correlated with 

the lipoprotein part the lipoprotein particles that are 

principal carrier, HDL (r=0.28, P<O.Ol) and LDL (r=0.27, 

P<O.Ol) respectively (110,51). There was also a high degree 

of interrelation between HDL and its subfractions HDL2 

(r=0.77, P<O.Ol) and HDL3 (r=0.87, P<O.Ol). A significant 

inverse relationship was noted between HDL and TAG (r=-0.44, 

P<O.Ol) in this sample. A similar relation was also observed 

with the HDL subfractions as well. This inverse relation has 

been observed by other investigators (29). 



Table 7 

Lipoprotein and apolipoprotein correlation matrix for the sample (n=104) 

tChol LDL TAG HDL HDL2 HDL3 ApoAl 

tChol 1.00 0.93 0.11 0.22 0.05 0.29 0.20 

LDL 1.00 0.09 -0.09 -0.22 0.03 0.12 

TAG 1.00 -0.44 -0.30 -0.42 -0.17 

HDL 1.00 0.77 0.87 0.28 

HLD2 1.00 0.39 0.16 

HLD3 1.00 0.30 

ApoAl 1.00 

ApoB 

any correlation (r)=0.19, P<0.05, r=0.23, P<O.Ol, r=0.27, P<O.OOl 
abbreviations: tChol = total cholesterol 

LDL = low density lipoprotein 
TAG = plasma triacylglycerols 
HDL = high density lipoprotein 
HDL2 = high density lipoprotein subfraction 2 
HDL3 = high density lipoprotein subfraction 3 
ApoAl = apolipoprotein Al 
ApoB = apolipoprotein B 

ApoB 

0.23 

0.27 

0.15 

0.04 

-0.03 

0.08 

0.04 

1.00 
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Relationship between plasma lipids and DXA estimates 
of body fat 
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The bivariate relationship between plasma lipids, 

apolipoproteins and selected CVD risk ratios and the body 

fat variables as determined by DXA are listed in Table 8. 

The most notable result is the significant negative relation 

between body fat mass (regardless of location) and HDL. The 

pattern of associations were similar for the HDL 

subfractions, except HDL2 was significantly related to only 

total body fat mass (r=-O.20, P<O.OS), upper trunk fat 

(r=-O.21, P<O.OS) and leg fat mass (r=-O.19, P<O.OS). These 

fat masses were also positively correlated with TAG. No 

significant correlations were observed between DXA fat mass 

variables and apoAl and apoB, although the correlations for 

apoB approached significance. Significant correlations were 

seen between all fat masses and the established CVD risk 

ratios tChol/HDL and LDL/LDL. The ratios of HDL2/HDL3 and 

apoAl/apoB were not statistically related to the regions of 

fat mass. 

When the DXA estimates of body fat from the various 

locations were investigated relative to total body fat (fat 

distribution), the percentage of total body fat located in 

the total trunk and lower trunk were not statistically 

related to total HDL. The HDL2 subfraction was unrelated to 

all of the fat distribution variables. The fat distributed 



Table 8 

Correlations among_plasma lipoproteins, CVD risk ratios and DXA variable~JJl:::104) 
Fat mass (kgs) 

plasma lipoproteins CVD risk ratios 
tChol LDL TAG HDL HDL2 HDL3 ApoA ApoB tChol/HDL LDL/HDL HDL2/HDL3 ApoAl:B 

total body fat 0.05 0.06 0.50 -0.25 -0.20 -0.22 -0.02 0.16 0.33 0.27 -0.15 -0.07 
total trunk 0.04 0.05 0.51 -0.25 -0.18 -0.24 0.00 0.15 0.33 0.27 -0.11 -0.05 

upper trunk 0.05 0.06 0.51 -0.29 -0.21 -0.27 0.00 0.13 0.36 0.30 -0.13 -0.05 
lower trunk 0.0!) 0.05 0.48 -0.23 -0.15 -0.23 -0.01 0.14 0.31 0.25 -0.09 -0.05 

arm 0.08 0.09 0.51 -0.28 -0.23 -0.24 -0.01 0.17 0.37 0.31 -0.17 -0.08 
leg 0.05 0.05 0.45 -0.22 -0.19 -0.18 -0.03 0.16 0.29 0.27 -0.18 -0.07 

Fat distribution (% of total body fat) 
plasma lipoproteins CVD risk ratios 

tChol LDL TAG HDL HDL2 HDL3 ApoA ApoB tChollHDL LDUHDL HDL2/HDL3 ApoAl:B 
*total body 0.01 0.02 0.41 -0.23 -0.17 -0.21 -0.03 0.12 0.27 0.22 -0.13 -0.06 
total trunk 0.03 0.04 0.31 -0.13 -0.01 -0.18 0.07 0.05 0.15 0.11 0.10 0.04 

upper trunk 0.01 0.04 0.35 -0.24 -0.11 -0.27 0.10 0.00 0.28 0.24 0.01 0.06 
lower trunk 0.06 -0.11 0.19 -0.14 -0.11 -0.05 -0.02 0.08 -0.02 -0.06 0.17 0.01 

arm 0.10 0.13 0.38 -0.23 -0.18 -0.21 0.07 0.14 0.32 0.28 -0.11 -0.03 
leg 0.04 0.04 -0.40 0.19 0.08 0.23 -0.09 -0.07 -0.25 -0.20 -0.05 -0.03 

Fat content (% of total body soft tissue mass, bone excluded) 
plasma lipoproteins CVD risk ratios 

tChol LDL TAG HDL HDL2 HDL3 ApoA ApoB tChollHDL LDUHDL HDL2IHDL3 ApoAl:B 
**total body 0.11 0.10 0.48 -0.20 -0.16 -0.17 0.05 0.18 0.31 0.26 -0.12 -0.02. 
total trunk 0.00 0.01 0.43 -0.23 -0.14 -0.24 0.01 0.11 0.27 0.22 -0.07 -0.03 

upper trunk 0.01 0.04 0.44 -0.28 -0.18 -0.29 0.02 0.08 0.32 0.28 -0.10 -0.02 
lower trunk 0.01 0.02 0.40 -0.18 -0.09 -0.19 -0.01 0.12 0.21 0.16 -0.04 -0.04 

arm 0.06 0.09 0.45 -0.27 -0.21 -0.24 0.01 0.15 0.34 0.29 -0.15 -0.06 
le~ 0.02 0.01 0.28 -0.16 -0.15 -0.18 -0.08 0.10 0.17 0.14 -0.16 -0.08 

* % total body fat ** total body soft tissue mass 
any correlation (r)=0.19, P<0.05, r=0.23, P<O.Ol, r=0.27, P<O.OOl 

CD 
\0 
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to all regions of the upper body was significantly related 

to TAG. When the distribution of fat in the total trunk fat 

was examined as upper and lower compartments however, the 

upper trunk compartment produced a significant negative 

relation with HDL (r=-0.24, P<O.Ol) and was positively 

related to TAG (r=0.35, P<O.O.Ol). This result was reflected 

in the CVD risk ratios where a significant positive 

correlation was seen between tChol/HDL and LDL/HDL for total 

body fat and upper trunk fat. No significant relation was 

observed for the distribution of fat in the lower trunk. The 

correlations between lower trunk fat, when represented as 

fat content, and HDL along with TAG and the CVD risk ratio 

tChol/HDL however, reached statistical significance. The 

same general trend however, remained, upper trunk fat was 

correlated to a greater degree with HDL, TAG and CVD risk 

ratios than the fat distributed in the lower trunk. The 

ratios of HDL2/HDL3 and the apoAl/apoB were unrelated to all 

of the fat distribution variables in the upper body (upper 

trunk, lower trunk and arm) as illustrated in Figure 3. 

The associations between the plasma lipids and the fat 

distribution and fat content in the arms and legs produced 

differring results. Arm fat was significantly and negatively 

correlated with HDL (r=-0.23, P<O.Ol) and positively 

correlated with TAG (r=0.38, P<O.Ol). The HDL2 
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subfraction was unrelated to arm fat but the relation 

between HDL3 and arm fat distribution was statistically 

significant (r=-O.21, P<O.OS). This relationship held for 

leg fat distribution but in the opposite direction, leg fat 

distribution was positively correlated with HDL (r=O.19, 

P<O.OS) and the HDL3 subfraction (r=O.23, P<O.Ol) and 

negatively correlated with TAG (r=-O.40, P<O.Ol). This 

relationship was also reflected in the CVD risk indices, the 

correlations with fat dist.ribution in the arms was 

positively related to the CVD risk ratios tChol/HDL and 

LDL/HDL and those for leg fat were negatively related to 

these risk ratios. 
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Multiple regression analysis for DXA fat variables with HDL 
and TAG 

A consistent finding in this investigation was the 

significant inverse relation with HDL and the HDL 

subfractions, along with the positive association with TAG 

and the fat estimates from DXA (Table 8). In an attempt to 

understand the possible independent relation among the DXA 

variables, stepwise multiple regression analysis was 

performed between the regional DXA fat estimates, HDL and 

TAG. 

The interrelationship among the DXA estimates for 

regional fat masses, fat distribution and fat content 

variables are given in Table 9. All of the fat mass 

estimates from the various regions were highly interrelated 

and all were significantly and negatively correlated to HDL 

and positively correlated with TAG. When evaluating the DXA 

estimated variables for fat distribution, the relationships 

differed from those seen among the DXA fat mass estimates. 

The correlation between lower trunk fat and the fat 

distributed in the arms was no longer significant and the 

percentage of total body fat in the legs was negatively 

correlated with upper trunk fat (r=-O.87, P<O.Ol), lower 

trunk fat (r=-O.69, P<O.Ol) and arm fat (r=-O.69, P<O.Ol). 

When DXA variables were examined relative to fat content (% 

of total body soft tissue), the correlations were reversed 



Table 9 

Interrelationships among DXA estimates for fat mass, 
fat distribution and fat content 

Fat mass 

upper trunk lower trunk 
upper trunk 1.00 
lower trunk 0.96 1.00 

arm 0.92 0.90 
leg 0.89 0.91 

Fat distribution 

upper trunk lower trunk 
upper trunk 1.00 
lower trunk 0.48 

arm 0.47 
leg -0.87 

Fat content 

1.00 
*0.14 
-0.69 

upper trunk lower trunk 
upper trunk 1.00 
lower trunk 0.91 1.00 

arm 0.85 0.81 
leg 0.68 0.72 

* P>0.05 

arm 

1.00 
0.90 

arm 

1.00 
-0.69 

arm 

1.00 
0.75 
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leg 

1.00 

leg 

1.00 

leg 

1.00 
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and produced results more similar to those observed for fat 

mass. 

The results from the mulitvariate analysis for the DXA 

variables and HDL are summarized in Table 10. These results 

demonstrated that an independent effect on the explained 

variance in HDL existed between upper trunk fat and lower 

trunk fat, because both contributed to a significant 

increase in the amount of variability explained in HDL. No 

significant effects were observed for the arm and leg fat 

mass. Similar results were observed when upper and lower 

trunk fat were represented as fat distribution or fat 

content, however, the partial correlation for fat 

distribution in the legs remained positive throughout the 

stepwise analysis indicating its effect on HDL was opposite 

to upper body fat distribution (arms, upper trunk and lower 

trunk). Stepwise analysis of the HDL3 subfraction of HDL 

produced results similar to those seen with total HDL. 

Multivariate analysis of the HDL2 subfraction yielded no 

significant independent relation other than those listed in 

Table 8. 

The multivariate analysis for the DXA fat variables and 

plasma TAG, presented in Table 11, produced different 

results then those for HDL. When evaluating the DXA fat mass 

estimates from the various locations, the greatest amount of 

variability in TAG was explained by upper trunk fat mass. 



Table 10 

Stepwise multiple regression analysis for DXA fat variables and HDL 

Fat mass (kgs) 

variable 
upper trunk 
lower trunk 

step no. 
1 

mult-R 
0.29 
0.35 
0.36 
0.36 

change Rsq. *(F) change Rsq. Probe (F) 
0.082 8.62 0.01 

2 0.042 4.56 0.04 
arm 
leg 

3 0.003 0.36 0.55 
4 0.001 0.13 0.72 

Fat distribution (% of total body fat) 

variable 
upper trunk 
lower trunk 

arm 
leg 

step no. 
1 
2 
3 
4 

mult-R 
0.24 
0.28 
0.31 
0.32 

change Rsq. 
0.056 
0.024 
0.014 
0.005 

Fat content (% of total body soft tissue) 

variable step no. mult-R change Rsq. 
upper trunk 1 0.28 0.079 
lower trunk 2 0.34 0.036 

arm 3 0.35 0.007 
leg 4 0.35 0.001 

* F ratio for the change in multiple R squared. 

(F) change Rsq. Probe (F) 
5.74 0.02 
2.55 0.11 
1.48 0.23 
0.01 0.95 

(F) change Rsq. Probe (F) 
8.28 0.01 
3.89 0.05 
0.77 0.38 
0.02 0.89 

\0 
0\ 



Table 11 

Stepwise multiple regression analysis for DXA fat variables and plasma triglyceride 

Fat mass (kgs) 

variable step no. mult.-R change Rsq. *(F) change Rsq. Prob. (F) 
upper trunk 1 0.51 0.262 34.49 0.01 

arm 2 0.52 0.008 0.99 0.32 
leg 3 0.52 0.003 0.38 0.54 

lower trunk 4 0.52 0.001 0.05 0.82 

Fat distribution (% of total body fat) 

variable step no. mult-R change Rsq. (F) change Rsq Prob. (F) 
leg 1 0.40 0.156 17.96 0.01 
arm 2 0.42 0.024 2.85 0.09 

upper trunk 3 0.43 0.004 0.47 0.49 
lower trunk 4 0.43 0.001 0.09 0.77 

Fat content (% of total tissue) 

variable step no. mult-R change Rsq. (F) chnage Rsq. Prob. (F) 
arm 1 0.45 0.200 24.28 0.01 

upper trunk 2 0.46 0.015 1.79 0.18 
leg 3 0.47 0.011 1.31 0.26 

lower trunk 4 0.47 0.001 0.12 0.99 
* F ratio for the change in multiple R squared 10 

-..J 
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By contrast, the distribution of fat in the legs explained 

the largest proportion of the variability in TAG with the 

addition of percent arm fat (P<O.09) also contributing. 

These results were reversed with the mUltivariate analysis 

of the fat content variables, where only the arm fat had a 

significant and independent association with TAG. 

The association between selected (highest correlations) 

anthropometric indices of body fat distribution and plasma 

lipids are listed in Table. 12. These results are similar to 

those observed for the DXA estimated fat distribution 

variables. A significant negative association with HDL and 

the HDL subfractions and a significant positive association 

with TAG was seen for all anthropometric indices except for 

the ratio of the sums of the truncal skinfolds to the 

peripheral skinfolds and the ratio of the subscapular to 

triceps skinfold. A positive association with the CVD risk 

ratios tChol/HDL and LDL/HDL was also seen for all indexes 

except for the ratio of the subscapular to triceps skinfold. 

There were no significant relations with the ratios of 

HDL2/HDL3 and apoA1/apoB. The associations between 

anthropometry and the HDL subfractions were generally lower 

but mirrored the correlations seen in total HDL. No 

significant relations were observed between these indices 

and total cholesterol, LDL and the apolipoproteins. 



Table 12 

Correlations for selected anthropomet.ric variables and plasma lipoproteins, 
apolipoproteins and CVD risk indices (n=101) 

plasma lipoproteins CVD risk indices 
anthro. variable tChol LDL TAG HDL HDL2 HDL3 apoAl apoB tChollHDL LDUHDL HDL2/HDL3 apoAl:B 

BMI 0.10 0.13 0.45 ·0.27 ·0.20 ·0.25 0.02 0.12 
waist circumference 0.11 0.13 0.41 -0.24 -0.16 -0.23 0.01 0.13 
upper arm circum. 0.08 0.11 0.43 ·0.27 ·0.21 ·0.24 0.01 0.10 
HWR 0.09 0.13 0.35 ·0.25 -0.17 -0.24 0.06 0.09 
WHR 0.13 0.18 0.27 ·0.22 -0.17 -0.21 0.08 0.04 
WTR 0.13 0.20 0.10 -0.19 -0.12 -0.19 0.03 0.09 
sum truncal skfs 0.06 0.09 0.43 -0.28 -0.18 ·0.28 0.01 0.13 
sum peripheral skfs 0.02 0.03 0.40 ·0.22 ·0.16 ·0.21 0.03 0.07 
trunc. skfs/peri.skfs 0.03 0.06 0.20 ·0.18 ·0.09 ·0.19 0.03 0.16 
sub.skfdltri. skfd 0.04 0.02 0.14 ·0.10 ·0.06 -0.16 0.07 0.06 

any correlation (r)=0.19, P<0.05, r=0.23, P<O.OI, r=O.27, P<O.OOI 
abbreviations: BMI = body mass index 

HWR = height t.o waist circumference ratio 
WHR = waist circumference to hip circumference ratio 
WTR = waist circumference to thigh circumference ratio 

0.37 0.32 0.12 
0.36 0.32 0.06 
0.33 0.29 0.11 
0.33 0.29 0.05 
0.34 0.31 0.01 
0.25 0.25 0.05 
0.34 0.29 0.05 

.0.26 0.21 0.12 
0.22 0.19 0.09 
0.12 0.09 0.10 

sum truncal skfs = subscapular + suprailiac (axilla) + supriliac (waist) + abdominal skinfolds 
sum peripheral skfs = triceps + biceps + thigh + calf skinfolds 
ratio of the sums of the truncal skinfolds to the peripheral skinfolds 
ratio of the subscapular skinfold to the triceps skinfold 

0.04 
0.03 
0.01 
0.06 
0.02 
0.02 
0.11 
0.08 
0.09 
0.03 

\0 
\0 
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Both the bivariate analysis and the multivariate 

analysis demonstrated that the distribution of fat 

associated with the upper body (arm fat, upper and lower 

trunk fat) exerts an opposite effect on HDL and TAG and the 

CVD risk ratios, than the percentage of total body fat in 

the legs. Thus, the prediction of fat distribution in the 

upper body appears to be the most relevant to plasma lipids 

and CVD risks in this sample of premenopausal women. Figure 

4 shows the relationship between selected anthropometric 

indices of fat distribution and the relation between the DXA 

estimation of percent upper body fat and HDL, TAG and CVD 

risk ratios. The correlations were slightly greater when 

upper body fat mass was substituted for percent fat in the 

upper body and were virtually the same for fat content. 
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DISCUSSION 

The results of the NIH consensus conference on obesity 

held in 1985 concluded that obesity was associated with a 

number of diseases including CVD. Furthermore, the conferees 

concluded that the distribution of fat was probably more 

predictive of CVD risks than obesity per se (excess body 

fat) (168). Since this time a number of investigations have 

produced results consistent with this conclusion (169), 

however, a large number of these studies have used the 

indirect techniques of anthropometry to demonstrate this 

association between fat distribution and plasma lipids which 

in turn has been correlated with CVD risks. These indirect 

techniques have been useful, but it is not clear what aspect 

of body fat is associated with plasma lipids and CVD risk. 

The unique aspect to this study is the use of dual 

energy x-ray absorptiometry (DXA) to estimate the fat mass 

in the arms, legs and the upper and lower trunk. This 

technology allows for the direct in vivo estimation of body 

fat at these locations and permits the examination of the 

distribution of fat relative to total body fat and total 

body soft tissue. These soft tissue estimates (fat and lean 

body tissue) are estimated independent of bone, thus 

minimizing its confounding effects. We have used these DXA 

estimates to evaluate the relationship between plasma lipids 

and apolipoproteins along with selected CVD risk ratios in 



an effort to better understand the relation between fat 

distribution, plasma lipids and CVD risks. 
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Bivariate correlations between regional fat masses and 

plasma lipids and apolipoproteins produced a significant 

inverse correlation with HDL and the subfractions of HDL 

regardless of location and were positively correlated with 

TAG. This observation has been noted by other investigators 

(170,171,172,155). The CVD risk ratios tChol/HDL and LDL/HDL 

were also shown to be significantly and positively 

correlated with regional fat masses, indicating that larger 

amounts of fat mass would increase the risk for CVD. The 

negative correlation between upper body fat distribution and 

HDL would also imply that increasing levels of fat would be 

associated with lower HDL levels and the HDL subfractions, 

and low levels of HDL are known to increase risk for CVD 

(37). The relation between CVD and TAG is presently 

controversial because of its complicated interaction with 

genetic susceptibility, LDL particle distribution and 

statistical properties (173). However, if one considers that 

elevated levels of TAG are representative of the total apoB 

pool and that large VLDL particles are associated with the 

smaller more dense athrogenic LDL particle, then the 

relationship between TAG and CVD may be more of a 

determinant of CVD risk than is currently thought (174). 
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Even though there was a significant positive 

correlation between TAG and upper body fat in these females, 

the absolute levels of TAG were very low along with low 

levels of apoB. The overall mean value for TAG for this 

sample was 0.87 mmol/L with a maximum value of 2.11 mmol/L. 

In a recently published paper examining 5,196 men and women 

the mean TAG value was 1.58 mmol/L, 45% higher than this 

sample of women (175). Reference values for apoB have not 

been established for women, but results from the Framingham 

study of 126 females age 25-39 years show apoB values of 80 

mg/dl (SD=21) (110). In this sample, the mean apoB level was 

43 md/dl (SD=21). However, comparisons across studies is 

difficult at this time because Marcovina has demonstrated 

that the among laboratory variability can be as high as 50% 

for apoB determination (111). The analysis of the 

distribution of apoB values by box-plots (114) indicated 

four outlying values, two above and two below the mean, thus 

their impact on the sample mean was negligible. 

The range of values for apoA1 (56 mg/dl to 276 mg/dl) 

in this study is consistent with other studies evaluating 

premenopausal women (177). The range of values for apoB (9 

mg/dl to 134 mg/dl) were similar to those found by Ordovas 

et ale (110) using a similar technique (25 mg/dl to 180 

mg/dl). There was however, considerable within assay 

variability in the assay methodology for the apolipoproteins 
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and the HDL2 subfraction (see Appendix D) that is consistent 

with the experience of other investigators (111,110,176). It 

is possibile that this variability contributed to the lack 

of an association between body composition and the 

apolipoproteins in this investigation. 

When the correlations between plasma lipids and fat 

distribution (expressed as a percent of total body fat) were 

evaluated, the relationships were somewhat different than 

those seen with the regional fat masses. The relationship 

between fat distribution in the upper body depots and HDL 

and TAG, along with the CVD risk ratios tChol/HDL and 

LDL/HDL were similar to those observed for fat masses. 

However, the association with leg fat was reversed, HDL and 

the HDL3 subfraction were positively correlated with the 

distribution of fat in the legs and negatively correlated 

with TAG. This result confirms the observations made by 

Terry et al. using DPA to evaluate their sample of men and 

women (154). These authors suggested the fat in the legs is 

possibly "protective" from CVD. Whether this phenomena is 

"protective" or not remains to be seen, it is certainly 

consistent with a reduction in risk for CVD. Analysis using 

leg fat content reversed the correlations with TAG. HDL 

however, was no longer related to the leg fat content and 

the CVD risk ratios. 
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No relation was observed between total cholesterol, LDL 

or the apolipoproteins and the DXA estimated variables in 

these premenopausal females. This result is consistent with 

those of Terry et ale (154) and Despres' et ale (153), but 

contrary to those of Haarbo et ale (155) who examined a 

sample of postmenopausal women. This difference could be 

attributed to the menopausal status of Haarbo's sample or 

the use of a less precise method (DPA). Additionally, Haarbo 

et ale (155) found no relation between the peripheral fat 

mass, the arm fat plus the leg fat and plasma lipids. Based 

on the results from this investigation, these fat depots 

have an opposite association with plasma lipids, thus, their 

sums may have tended to counteract their independent 

effects. 

Multivariate analysis examining fat mass, fat 

distribution and fat content with HDL indicated a 

significant and independent effect for upper trunk fat and 

lower trunk fat for fat mass and fat content. The greatest 

relation was observed for the upper trunk region. This is 

the first investigation that has demonstrated this 

independent effect from different regions of the trunk made 

possible by the use of DXA to evaluate body fat in these two 

regions. The fat distributed in the upper trunk region is 

probably associated with mammary tissue and may have some 

biological relevance to reproduction since these females 



107 

were all within child bearing age. It would be interesting 

to evaluate the body fat distributed in the upper trunk 

region in postmenopausal females to see if this relationship 

holds. 

Although the fat in this region could be attributed to 

mammary tissue mass, some caution is in order. There is 

considerable bone in the thoracic region (Figure 1) 

resulting in fewer pixels available for soft tissue 

evaluation. Thus, it is possible that the precision and/or 

accuracy in the fat mass estimates in this region was less 

than other regions. The total fat mass (total trunk fat + 

arm fat + leg fat) however, correlates very well with 

densitometric ally-determined fat mass in this sample (128). 

Thus it is unlikely that the fat mass in this region was 

over or under estimated to any great extent. 

Several anthropometric indices were found to be 

significantly correlated with HDL, the HDL subfraction and 

TAG in a similar fashion as the DXA determined fat 

variables. The height to waist circumference ratio and the 

upper arm circumference along with the waist circumference, 

were found to be correlated to a greater degree with upper 

body fat distribution, plasma lipids and CVD risk ratios 

then the more commonly used WHR, WTR and the subscapular to 

triceps skinfold ratios (Figure 4). The waist circumference 

has been found by others to be related to total abdominal 
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area (132), total abdominal adipose tissue area and plasma 

lipids (153). 

The results of this study have shown that fat 

distributed in the arms, upper and lower trunk are related 

to plasma lipids and CVD risk ratios in a similar manner, 

inversely correlated with HDL and the HDL subfractions and 

positively associated with TAG and the CVD risk ratios, 

tChol/HDL and LDL/HDL. The relation between plasma lipids 

and CVD risk ratios and the body fat that is distributed to 

the legs was opposite to those observed for upper body fat. 

Although total body fat was significantly related to plasma 

lipids and CVD risk ratios, such a reliance on the 

estimation of total body fat does not allow for the separate 

and divergent contributions of the upper body fat and lower 

body fat depots. Furthermore, the R squared (variablilty 

explained) for total body fat and HDL ranged from 4 to 6 

percent whereas the R squared for upper body fat (arms + 

upper trunk + lower trunk) ranged from 10 to 13 percent. A 

two-fold improvement in amount of variablility was explained 

in HDL by using upper body fat rather than total body fat. 

The distribution of fat in the upper trunk in this sample of 

females exerted an independent effect on the HDL 

variability. This indicates that the accumulation of fat in 

the upper body regions, including the arms and in 

particularly the upper trunk, is consistent with a greater 



risk for CVD. However, the fat that is distributed in the 

legs appears to confer no risk of CVD in premenopausal 

women. 
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The ratios of HDL2/HDL3 along with the apolipoproteins 

A1 and B and their ratio were unrelated to body fat 

distribution in these premenopausal women. The association 

of the ratios of HDL2/HDL3 and apoA1/apoB has been 

demonstrated in males with angiographically-determined, 

arteriosclerotic plaque (41). This association however, has 

not been clearly demonstrated in premenopausal women. The 

lack of an association between body fat mass and apoA1 and B 

along with the HDL subfractions HDL2 and HDL3 in obese and 

lean females has also been observed by others (153). 

Furthermore, crossectional studies (176) have consistently 

shown that premenopausal females have higher levels of HDL2 

and apoA1 and lower levels of apoB than males and 

postmenopausal females not taking estrogen (177). Therefore, 

the negative findings from this investigation and others do 

not invalidate the measurement of the HDL subfractions or 

apolipoproteins in future studies with premenopausal 

females. These results however, are consistent with the idea 

that in certain intervention trials involving premenopausal 

women, where the subfractions of HDL and the apolipoproteins 

are altered, there is most likely a metabolic explanation 

independent of changes in body fat distribution. 



CHAPTER 5 

LONG TERM RESISTIVE TRAINING EFFECTS ON PLASMA LIPIDS, 
APOLIPOPROTEINS AND BODY COMPOSITION IN THE UNTRAINED 

PREMENOPAUSAL FEMALE 

ABSTRACT 
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The goal of this investigation was to evaluate the 

effects of long term weight training on plasma lipoprotein 

and body composition in a premenopausal female population. 

Previously untrained, eume~orrheic females (28-40 years) 

were randomly assigned to an Experimental (n=56) and a 

Control group (n=48). The E group lifted weights (under 

supervision) 3 days/wk for 18 months. Both E and C had their 

body composition, plasma lipoproteins including the 

subfractions of HDL, HDL2 and HDL3, the apolipoproteins A1 

and Band triacylglycerol levels analyzed at baseline 5, 12 

and after 18 months of training. Dietary intake was also 

monitored. Complete data were collected on 48 females (E=20, 

C=28). The data were analyzed by a repeated measures ANOVA. 

During the 18 month study period, total cholesterol was 

reduced in both E and C; this reduction was significantly 

greater in Ethan C (baseline E mean=5.87mmol/L, SD=0.96, 

and C mean=5.56mmol/L, SD=0.79 vs 18 months E 

mean=4.65mmol/L, 8D=0.94, and C mean=4.89mmol/L, 8D=0.90, E 

vs C, P<0.03). Over the 18 month period, total high density 

lipoprotein cholesterol (HDL) remained unchanged in E 
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(baseline E mean=1.29mmol/L, SD=0.40 vs 18 month 

mean=1.22mmol/L, SD=0.26) but was reduced in C (baseline 

mean=1.58mmol/L, SD=0.45 vs 18 month mean=1.32mmol/L, SD= 

0.28, (P<O.OO). Analysis of HDL subfractions indicated there 

were no significant changes in HDL3 in either E or C. HDL2 

increased 30% in E (baseline mean=0.26mmol/L, SD=0.20 vs 18 

month mean=0.34mmol/L, SD=0.12) and was unchanged in C 

(baseline mean=0.42mmol/L, SD=0.25 vs 18 month 

mean=0.36mmol/L, SD=0.15, E vs C, P<0.02). The ratio of 

HDL2/HDL3 was also increased (46%) in the E group compared 

to the C group after the training period (baseline E 

mean=0.26, SD=0.15, 18 month E mean=0.36, SD=0.17 vs C 

baseline mean=0.38, SD=0.12, and 18 month C mean=0.37, 

SD=0.14, E vs C, P<0.03). A reduction in low density 

lipoprotein cholesterol (LDL) occurred in both E and C, but 

this reduction was greater in Ethan C after 18 months of 

training (E baseline mean=4.23mmol/L, SD=0.94, C baseline 

mean=3.62mmol/L, SD=0.78 vs E 18 month mean=3.05mmol/L 

SD=0.88, C 18 month mean=3.04mmol/L, SD=1.02, E vs C, 

P<0.05). No significant changes in plasma triacylglycerols 

were observed. Apolipoprotein A1 levels decreased in both 

the E and C groups up to 1 year, but this trend was reversed 

in the E group after 18 months of training (baseline E 

mean=169mg/dl SD=40, E 18 month mean=155mg/dl, SD=44 and C 

baseline mean=183mg/dl, SD=48 and C 18 month mean=140mg/dl, 
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SD=42 , E vs C, P<O.05). Apolipoprotein B levels were 

unchanged in both groups over the 18 month training period, 

with no significant differences between groups (baseline for 

E mean=49mg/dl, SD=16 and E 18 month mean=48mg/dl, SD=19, 

baseline C mean=48mg/dl, SD=19 and 18 month C mean=49mg/dl, 

SD=15). Total body fat and fat distribution were unchanged 

in both groups. A 1.3 kg (3.1%) increase in lean soft tissue 

(P<O.Ol) was observed in the E group over the 18 month 

training period. The results from this study indicate that 

long term resistive training can alter lipid metabolism and 

plasma cholesterol levels in the premenopausal female 

towards a lower risk for cardiovascular disease, with little 

effect on plasma triacylglycerol. This exercise mode has 

little effect on body fat or body fat distribution, but can 

significantly increase lean soft tissue. 
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INTRODUCTION 

Physical activity, particularly chronic endurance 

exercise, is generally accepted as altering plasma lipids 

and lipoproteins in such a way that is consistent with a 

reduction in risk for CVD (18,16,17,19,21,61). Even though 

chronic endurance exercise appears to alter lipid metabolism 

(26,22,27), and thus lipoprotein profiles (60,57), the 

ability of resistive or weight training exercise to change 

plasma lipids, lipoprotein and apolipoprotein is much less 

certain. This uncertainty associated with the ability of 

resistive training to alter plasma lipids is most striking 

in the premenopausal female, because of the dearth of 

experimental studies examining this population. 

There is some evidence that resistive training can 

alter plasma lipids in a similar manner as endurance 

exercise. Hurley et ale (178) demonstrated that the plasma 

lipids were similar in male body builders and endurance 

trained runners, and both had higher levels of HDL 

cholesterol and lower levels of LDL cholesterol than a 

sedentary control group. In a more recent study, these 

investigators (32) observed a significant increase in total 

HDL and the HDL2 subfraction and a significant decrease in 

LDL in a sample of eleven males aged 44-55 years after a 16 

week resistive training program. Johnson et ale (33) 

reported a significant reduction in total cholesterol and 
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LDL along with a significant increase in HDL in a sample of 

14 men aged 24-69 years after a 12 week weight lifting 

program. These investigators also observed no change in body 

weight, but a significant reduction in percent body fat and 

an increase in lean body tissue. other crossectional 

(179,180,181) and experimental studies (182) have not 

observed these differences. 

In females, Goldberg et ale (35) observed a significant 

reduction in total cholesterol (9.5%), LDL (17.9%) and 

plasma triacylglycerol (28.3%) in 8 women aged 24-30 years. 

However, this study lacked a control group and did not 

evaluate the possible interaction between dietary factors 

and body composition changes. A more recent study by 

Blumenthal et ale (36) examined the effects of a 12 week 

weight training program on pre-and postmenopausal females. 

After adjusting for age as a covariate, no significant 

differences were seen in either group before and after the 

training period. Furthermore, neither the study by Goldberg 

or Blumenthal adequately controlled for changes in body 

composition which can confound the effects of exercise on 

changes in plasma lipids (184). 

Neither of these two studies in females evaluated the 

subfractions of HDL (HDL2 and HDL3). It is possible that 

these subfractions could have changed without being 

reflected in total HDL. This phenomena has been observed in 
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a study of 12 obese premenopausal females after a 14 month 

aerobic exercise program (183). The subfractions of HDL are 

important to evaluate because recent epidemiological 

evidence by Miller et ale (37) has shown that the 

"protective" effect of HDL for CVD is associated with the 

HDL2 subfraction. A study by Naito (48), evaluating the 

degree of coronary stenosis by angiography in a sample of 

226 men, found significant negative correlations with the 

ratio of HDL2/HDL3 (r=-O.67), the subfraction HDL2(r=-O.58), 

total HDL (r=-O.51) and apolipoprotein Al (r=-O.50). 

Although it is important to evaluate the subfractions 

of HDL because of their role in CVD risk, it is equally 

important to understand the metabolic implications 

associated with a shift in the distribution of the HDL 

particle because of the role of the HDL subfractions in 

reverse cholesterol transport. Along this line of reasoning, 

the effects of exercise on the levels of the apolipoproteins 

A1 and B are also important, not only because of their 

relation to CVD risks but their reported metabolic role in 

the regulation of HDL (185) and LDL (52). A recent study by 

Thompson et ale (186) has shown that the fractional 

catabolic rate of apoA1 was reduced by 22% in the endurance 

trained individual, thus prolonging the half life of apoAl 

and HDL. This result may explain the increase in HDL levels 

seen in many exercise studies. The apolipoproteins A1, All 
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and B have been measured in only one prospective trial to 

date by Blumenthal et ale (36). In this study he observed no 

significant changes in these apolipoproteins after a modest 

12 week weight training program. 

Besides these two studies on premenopausal women and a 

study by Manning et ale (187) using obese females, there 

have been no studies to date designed to assess the long 

term resistive training effects on plasma lipids and body 

composition in premenopau~al females. Since premenopausal 

females have a plasma lipid profile that is consistent with 

a lesser risk for CVD (177), it seems likely that long term 

high volume resistance training would be required to alter 

lipid metabolism and lipoproteins within this population 

(188). Thus, the current investigation was undertaken to 

evaluate the long term resistive training effects on plasma 

lipids, lipoprotein and the apolipoproteins in a sample of 

previously untrained premenopausal women. The short term 

changes on plasma lipids with weight training in this sample 

have been reported elsewhere (189). This study extends those 

results to include the analysis of the HDL subfractions, 

apolipoproteins A1 and B and body composition changes over 

the 18 month training period. For this study the primary 

null hypothesis was that long term resistive training would 

have no effect on HDL, the HDL subfractions, apolipoproteins 

A1 and B along with body composition. 
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RESULTS 

Plasma Lipoprotein Changes 

After randomization the exercise group had higher total 

cholesterol, LDL cholesterol and lower HDL levels than the 

control group, the total HDL and the HDL2 subfraction were 

statistically different (P<0.05) (Table 2). The total 

cholesterol and LDL levels for the exercise and controls 

during the training period are graphed in Figure 5. The 

total cholesterol and LDL levels decreased in both the 

controls and the experimental groups over the 18 month 

training period, but the change was significantly greater in 

the weight lifting females. Total cholesterol continued to 

decline in the experimental group over the duration of the 

study whereas the greatest change in LDL occurred during the 

first year. 

Plasma TAG and VLDL (estimated by dividing the TAG by 

5) were also monitored in this study. There were no 

significant differences observed between groups for the 

plasma TAG and VLDL levels over the duration of the training 

period. The baseline TAG values for the control and the 

exercise groups were mean=0.78 mmol/L, SD=0.33 and 

mean=0.76mmol/L, SD=0.21. After the 18 month training period 

the TAG levels were the same in both groups mean=0.82mmol/L, 

SD=0.28. 
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Total HDL levels were not altered in the exercise group 

relative to the controls over the study period (Figure 6), 

although the significant difference between groups observed 

at baseline was insignificant at the conclusion of the 

study. HDL3 levels mirrored those of total HDL with no 

significant change observed between groups. The HDL2 levels 

by contrast, indicated a significant change occurred over 

the study period. The exercise group's HDL2 levels increased 

through the first year, with no additional increase observed 

by the end of the study. The control HDL2 levels decreased 

from baseline to 5 months and contributed to the level of 

significance. Evaluating the absolute change in the HDL2 

levels by subtracting the initial baseline values and 

repeating the analysis did not alter the finding of a 

significant difference between groups for HDL2, total 

cholesterol and LDL (Table 13). Examining the ratios of 

HDL2/HDL3 produced a significant difference between the 

controls and the experimentals (Figure 6). This ratio 

continued to increase in the experimental group over the 

duration of the entire study period and was significantly 

different (P<O.02) from the experimental's baseline value. 

The control level for the ratio of HDL2/HDL3 was unchanged 

from their baseline values. 

The apolipoproteins levels for the exercise and control 

groups are displayed in Figure 7. ApoA1 decreased in both 



Table 13 

Plasma lipoprotein changes from baseline (mmollL) in the exercise 
(n=20) and the control (n=28) groups for 5, 12 and 18 months 

HDL2 cholesterol 

5 month 12 month 18 month sigti. (F)* 
exerCIse **0.046 (0.16) 0.085 (0.22) 0.076 (0.21) 
control -0.097 (0.29) -0.076 (0.23) -0.076 (0.23) 0.02 

total cholesterol 

5 month 12 month 18 month sign. (F) 
exercise -0.28 (0.77) -0.72 (1.06) -1.32 (1.30) 
control -0.21 (0.83) -0.25 (0.82) -0.75 (0.94) 0.06 

LDL cholesterol 

5 month 12 month 18 month sign. (F) 
exerCISe -0.45 (0.67) -0.80 (1.09) -1.16 (0.84) 
control -0.24 (0.71) -0.18 (0.79) -0.58 (0.98) 0.01 

sign. (F) = P value for between group differences over all three training periods 
* adjustment for total body fat, total body lean, % body fat and change 

in lean soft tissue by ANCOVA did not alter significance 
** mean and standard deviation 
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Figure 6 
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groups up to 1 year, however, the apoAl levels increased in 

the exercise group during the last 6 months of training. 

This increase was significant when compared to the controls 

(P<O.05). No significant differences were found in the 

levels of apoB over the training period and between groups. 

There has been clear demonstration in the literature 

that certain ratios of lipoproteins exhibit a high degree of 

sensitivity and specificity for CVD (15). Table 14 assesses 

the changes in certain established lipoprotein ratios that 

might be indicative of the effects of long term resistive 

training on the CVD risk in the premenopausal women. The 

tChol/HDL and the LDL/HDL ratios were significantly reduced 

in the weight lifting females, whereas no change in these 

ratios was observed in the controls. These ratios continued 

to decrease linearly in the experimental group throughout 

the 18 month training period, with the lowest values (least 

risk) being recorded at the conclusion of the study. No 

changes were observed in the ratios of apoAl to apoB. The 

ratio for the HDL subfractions (HDL2/HDL3) also 

significantly increased in the experimental group over the 

18 month training period with no significant change seen for 

this ratio in the controls. 



Table 14 

Changes in cardiovascular disease risk indices for the exercise n=20 and 
control n=28 groups 
CVDindex group baseline 5 month 12 month 18 month **sign. (F) 

tChollHDL exerCIse *4.90 (1.4) 4.26 (1.3) 4.05 (1.2) 3.96 (1.1) 
control 3.78 (1.2) 3.44 (0.8) 3.87 (1.2) 3.82 (1.2) 

LDLIHDL exerCIse 3.59 (1.3) 2.95 (1.1) 2.73(1.1 2.63 (0.9) 
control 2.52 (1.0) 2.23 (0.8) 2.56 (1.1) 2.39 (0.9) 

apoAl:B exerCIse 3.83 (1.5) 4.77 (1.9) 3.20 (1.0) 3.68 (1.6) 
control 4.36 (2.0) 4.08 (1.5) 4.37 (2.8) 3.12(1.3) 

HDL2IHDL3 exercise 0.25 (0.15) 0.27 (0.13) 0.36 (0.16) 0.38 (0.12) 
control 0.37 (0.18) 0.27 (0.20) 0.33 (0.16) 0.37 (0.14) 

*mean (SD) 
**sign. (F) = tests for a significant change within group during 

the training period 

0.01 
ns 

0.02 
ns 

ns 
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0.04 
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Body composition changes 

The initial physical characteristics and plasma 

lipoprotein levels for this sample of females on the average 

was unremarkable (Table 1). However, after randomization, 

the exercise group was lower in body weight (P<0.05), lower 

in body fat (P<0.05), had a greater amount of lean tissue 

and a lesser fat to lean ratio than the control group (Table 

2, and Table 15). 

Both groups gained a similar amount of body weight 

during the training period as shown in Table 15, but the 

rate of gain was greater in the exercise group than the 

controls during the first year of the study. Although the 

fat to lean ratio was lower in the experimental group after 

randomization, the exercise group continued to add lean 

tissue relative to fat. The fat to lean tissue ratio reached 

statistical significance by one year when compared to the 

controls (baseline values for experimental and controls were 

0.41 and 0.49 and after 1 year 0.36 vs. 0.48, P<0.05) but 

this trend was reversed by the end of the study such that no 

significant difference was observed over the duration of the 

study. 

In general, all body fat variables followed the same 

pattern in the experimental group as that noted in Figure 8. 

The weight training group either lost or did not add body 

fat in any region during the first 12 months. The difference 



Table 15 

Total body composition changes during the 18 month training 
period in the exercise (n=23) and the control (n=35) groups 

Body weight (kg) 

exerCIse 
control 

baseline 
57.4 (9.5)* 
62.1 (9.9) 

5 month 
58.2 (9.3) 
62.2 (9.9) 

12 month 
58.4 (8.3) 
62.9 (10.1) 

Change in body weight from baseline (kg) 

baseline 5 month 12 month 
exercise 0 0.84 (2.3) 0.90 (2.9) 
control 0 -0.01 (2.3) 0.68 (2.6) 

Fat to lean ratio 

baseline 5 month 12 month 
exerCIse 0.41 (0.2) 0.37 (0.1) 0.36 (0.2) 
control 0.49 (0.2) 0.49 (0.2) 0.49 (0.2) 

* mean (SD) 

18 month 
58.9 (8.8) 
63.5 (10.9) 

18 month 
1.4 (3.3) 
1.3 (3.9) 

18 month 
0.40 (0.2) 
0.51 (0.2) 
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in fat loss however, did not reach statistical significance 

at any time point, with the exception of percent body fat 

where the change after 1 year of training approached 

statistical significance (see Figure 8). By the end of the 

study, fat had been regained to baseline levels and no 

significant differences were seen in any of the body fat 

variables, regional or total. 

Lean body tissue on the other hand, increased 

significantly in the exerc~se group (1.3 kg, 3.1%) as noted 

in Figure 9. Because baseline differences occurred after 

randomization (Table 2), the data were analyzed and plotted 

in Figure 9 as the absolute change from baseline in lean 

soft tissue. The increase in lean soft tissue was seen 

throughout the body regardless of region analyzed. The least 

amount of lean tissue change, relative to the controls, 

occurred in the trunk region. The majority of the increase 

in truncal lean tissue occurred in the lower trunk with only 

a small amount of lean tissue added to the upper trunk. The 

accrual of lean tissue continued during the first year of 

training with a slight decrease observed in the lean soft 

tissue in the total body, leg and trunk during the last 6 

months of training. This slight reduction was not 

statistically significant. 

There are a number of exercise studies that have shown 

changes in plasma lipids along with changes in body 
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composition with no adjustment for body composition changes. 

Weight loss for example has been shown to result in 

alterations of plasma lipids similar to those observed with 

exercise training (190). Thus, there is some controversy as 

to whether plasma lipids can be altered independent of body 

composition changes (18). Analysis of covariance was 

performed on these data using the following variables as 

covariates; baseline body weights, percent total body fat, 

total body fat mass and total body lean tissue along with 

the change in lean body tissue. None of these covariates 

affected the outcomes observed in the plasma lipoproteins 

(Table 13) and apolipoproteins. Furthermore, no significant 

covariance was observed in these variables with plasma 

lipids except lean soft tissue and LDL cholesterol in which 

a significant covariance occurred (P<O.Ol). 

No dietary data were available for baseline analysis, 

however, evaluation of dietary data at 5 months, 12 months 

and 18 months by analysis of variance produced no 

significant change in food intake between the two groups 

over the study period. The control group consumed a slightly 

greater amount of fat, 36% of calories to 33% for the 

experimentals, and a lesser amount of carbohydrates 47% 

versus 51% for the exercising women. These proportions 

remained relatively constant over the duration of the study 

(Table 16). 



Table 16 

Dietary intake data for the exercise (n=23) and control (n= 35) groups 
during the 18 month training period 

exercise 
control 

exercise 
control 

exercise 
control 

exercise 
control 

exercise 
control 

5 month 
*1896 (507) 
1829 (459) 

Kilocalories 

12 month 
1815 (589) 
1749 (546) 

% Kilocalories from fat 

5 month 
34.6 (7.5) 
36.2 (6.4) 

12 month 
33.3 (8.3) 
38.3 (6.4) 

18 month 
1842 (382) 
1782 (479) 

18 month 
33.4 (7.3) 
36.4 (6.6) 

% Kilocalories from carbohydrates 

5 month 
50.6 (7.2) 
48.4 (8.4) 

12 month 
50.9 (8.3) 
46.8 (8.1) 

% Kilocalories from protein 

5 month 
14.9 (3.1) 
15.6 (3.6) 

12 month 
15.6 (2.6) 
15.9 (3.9) 

18 month 
51.3 (9.3) 

46.9 (10.5) 

18 month 
15.4 (2.9) 
16.7 (3.9) 

Polyunsaturated fat/Saturated fat 

5 month 
0.61 
0.60 

12 month 
0.58 
0.56 

18 month 
0.60 
0.61 

* mean and standard deviation 
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DISCUSSION 

This study was primarily designed to evaluate the long 

term resistive training effects on body composition and 

plasma lipoproteins and apolipoproteins in a sample of 

premenopausal females. A sample of untrained women aged 28-

40 years were randomly assigned to an exercise (n=56) and a 

control group (n=48). Of the original assignment, 23 women 

in the exercise group and 35 in the control group completed 

the study. Complete lipoprotein analyses were obtained from 

20 exercising women and 28 controls. 

Plasma total cholesterol and LDL cholesterol were 

reduced after 5 months of training in these women (189), 

this significant reduction was maintained throughout the 

duration of the study. Total cholesterol continued to 

decline during the entire 18 months of training whereas the 

LDL levels exhibited no further decrease beyond 1 year of 

training. 

A reduction in total cholesterol and LDL has been 

observed in other studies of resistive training of much 

shorter duration in females (35) and in males (33,32). LDL 

is the principle carrier of cholesterol in human plasma, 

comprising about 70% of the total plasma cholesterol in 

humans (21). Thus, it is not surprising that a reduction in 

total cholesterol would be reflected in a reduction of LDL. 

Plasma levels of LDL result from a balance between 
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production via the VLOL cascade (42) and removal, largely by 

the liver. It is unlikely that alterations in the LOL 

cascade are responsible for the reduction in LOL because 

there were no significant changes in the TAG's and VLOL (as 

estimated by dividing the TAG by 5) observed in the weight 

trained females. One possible mechanism to explain the 

reduction in LOL is to hypothesize changes in receptor 

number on the liver membrane or an increased uptake of LOL 

by peripheral tissues. About 70% of the regulation of LOL is 

through receptor dependent pathways, the majority being 

regulated'by the liver (60-80%) and the remaining amount by 

peripheral tissues (52). The additional regulation of LOL is 

through a receptor independent pathway, the so called 

scavenger pathway of which macrophages are thought to play 

the principal role. This pathway appears to be unregulated 

with cellular uptake dependent on the plasma LOL levels 

(191). A direct estimate of liver membrane apo B/E receptors 

cannot be measured in humans and the ability of monocytes to 

clear LOL in these females was also not measured. However, 

about 1.3 kilograms of lean tissue was added in the 

resistive trained females. Since cholesterol is a normal 

component of plasma membranes, it is possible that the 

decrease in plasma LOL was associated with the increased 

uptake of LOL by lean soft tissue. This is also consistent 

with the observation that LOL decreased up to 1 year, this 
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decrease corresponded to the peak increase in lean tissue 

with no further increase in lean soft tissue or decrease in 

LDL beyond 1 year. 

There were no significant changes in total HDL between 

the controls and the exercising women during the training 

period. Previous studies (35,36,187) have also shown that 

HDL levels are not altered in women as a result of resistive 

training. Although the current view holds that exercise 

training raises HDL level~, not all training studies have 

demonstrated this effect (16,24). A meta analysis by Tran et 

ale (18), evaluating 66 training studies found an average 

increase in HDL of 1.2 mg/dl, this increase was not 

statistically significant. Furthermore, premenopausal women 

have higher levels of HDL than males (12), thus, making a 

further increase in HDL less likely. 

The sub fractions of HDL, particularly the HDL2 

subfraction, was significantly increased in the exercise 

trained females compared to the controls (Figure 6). This 

increase in HDL2 occurred during the first year of training 

with no additional increase seen by the end of the study. 

The HDL3 subfraction remained unaltered. This is the first 

study in resistance trained premenopausal females to have 

demonstrated an effect on the HDL2 subfraction. An increase 

of 42% in the HDL2 subfraction has been seen in males as a 

result of 16 weeks of resistance training (32). In another 
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training study, involving acute high volume weight training, 

total HDL and the HDL3 subfraction were altered 24 hours 

after training (34). This increase in the HDL3 subfraction 

was associated with a 27% reduction in the activity of 

Lecithin:cholesterol acyltransferase activity (LeAT). The 

activity of this enzyme has been postulated as playing a 

role in the generation of HDL2 (192). 

At least part of the level ,of significance observed 

between the experimentals and controls was due to the 

decrease in the control levels of HDL2 seen at 5 months and 

the relatively low levels of HDL2 in the exercise group at 

baseline after randomization (see Table 2 and Figure 6). 

The levels of HDL2 were significantly different between 

experimentals and controls at baseline (0.26mmol/L vs 0.42, 

P<0.05) and the movement of both of the groups towards a 

common mean may have been an example of regression to the 

mean, even though the groups were randomly assigned. This 

phenomena could have contributed to at least part of the 

observed statistical difference. It is difficult to explain 

the decrease in the controls at the 5 month retest period, 

particularly since there were no obvious changes in their 

dietary habits (Table 16). The controls were aware however, 

that this was an exercise training study. If they altered 

their dietary habits by increasing their short term 

carbohydrate intake and/or increased the levels of 
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polyunsaturated fatty acids or decreased total fat intake 

after the study began, a decrease in HDL2 could have 

occurred because the HDL2 subfraction is more sensitive to 

diet and exercise perturbations than the HDL3 subfractions 

(193). The important outcome is that the HDL2 subfraction in 

the exercising women significantly increased relative to the 

controls over the duration of the study, although relative 

to their own baseline there was no significant change in the 

exercise group. 

The ratio of HDL2/HDL3 also increased significantly in 

the exercise group relative to the controls. This finding 

indicates that a metabolic shift had occurred in the 

relative distribution of the HDL particle in the resistive 

trained females towards a larger less dense particle. The 

generation of this type of HDL particle (HDL2) has been 

associated with a reduced risk for CVD (37) and an increase 

in the HDL2/HDL3 ratio has been inversely related to CVD 

risks in men (48,15). 

Several possibilities could explain this metabolic 

shift towards this type of HDL particle. The activity of 

hepatic lipase (HL) has been postulated as playing a role in 

the hydrolysis of the surface phospholipid and triglyceride 

components of HDL2, thus reducing the levels of HDL2 (198). 

HL has been shown to decrease in some exercise studies (194) 

but not in others (182,195). If the HL activity were reduced 
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in the resistive trained female, this reduction in activity 

could explain, in part, the increase in HDL2 observed. 

Another possibility is an increase in the activity of LCAT, 

which esterifies free cholesterol sequestered from 

peripheral tissues with the fatty acids moiety from 

lecithin, thus increasing the cholesterol-ester core 

concentration in HDL3 leading to the generation HDL2. 

Marniemi et ale (196) has shown this enzyme's activity to 

increase with endurance training but a more recent study by 

Williams et ale (197), using a different assay system, has 

shown that a mass increase in LCAT did not occur with 

exercise training. Williams et ale (197) suggested that the 

increase seen in the enzyme's activity could have resulted 

from an increase in the enzyme's activator, apoA1. However, 

a rather modest change in apoA1 was observed in the present 

study only after the 18 months of training, therefore this 

mechanism explaining the increase in HDL2/HDL3 seems 

unlikely. The activity of the enzyme lipoprotein lipase also 

has been postulated as participating in the production of 

HDL2 (198). But in the present study plasma TAG and VLDL 

were unchanged, this route leading to end the product of 

increased HDL2 also seems unlikely. Another enzyme that 

could play a role in the generation of HDL2 is the activity 

of cholesterol-ester transfer protein (CETP). The activity 

of this enzyme has not been studied as a consequence of 
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exercise training but plays a role in the generation of 

either HDL2 or HDL3 depending on the direction of transfer 

of the cholesterol ester substrate (199). Since none of 

these enzymes were measured in this study, their role in the 

distribution of the HDL subfractions remains speculative. 

An explanation for the shift in HDL particle size that 

is more consistent with the findings of the current study is 

the possible interaction of the increase in the lean soft 

tissue with the increased HDL2/HDL3. A training induced 

increase in the arterio-venous difference of HDL2 across the 

thigh muscle has been demonstrated by Kiens and Lithell (28) 

after an 8 week training program of one leg knee extensors 

ill six men. In addition, these investigator showed that 

muscle lipoprotein lipase activity was correlated with an 

increase in capillary density. Thus an increase in skeletal 

muscle mass would increase the total body capillary bed and 

muscle lipoprotein lipase, this increase could potentially 

impact on the distribution of HDL2/HDL3. other investigators 

have also shown that skeletal muscle tissue can impact on 

lipoproteins metabolism and that this impact is enhanced by 

exercise training (200,188). 

No change in the apoA1 levels was observed from 

baseline until 12 months of training between the controls 

and exercise group. However, by the end of the study a 

significant change was observed between the experimentals 
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and controls, where the experimental group had reversed the 

downward trend. However, the levels of apoA1 were still 

lower at the conclusion of the study than the baseline 

levels in both groups. Some studies have shown that the 

apoA1 levels can be increased as a result of endurance 

training (186) and a recent study by Williams et ale (215) 

has demonstrated that an increase in the apoA1 level was 

associated with a reduction in total adiposity (as measured 

by the BMI) in a sample of exercise trained overweight men. 

The levels of apoA1 have only been measured in one study of 

resistive trained females where Blumenthal (36) observed no 

significant change in his sample of women. Premenopausal 

women have higher levels of apoA1 than men largely due to 

the effects of estrogen (177). The levels of apoA1 can also 

vary with menstrual status (87). None of these women 

experienced amenorrhea during the study period and blood 

samples were collect during the early follicular phase (days 

1-5). Thus, menstrual status is unlikely to have played a 

role in the observed change of apoA1. The levels of apoA1 

are apparently regulated by their fractional catabolic rate 

(201). The synthetic rate of apoA1 has been shown to be 

similar in sedentary and endurance trained men, however the 

fractional catabolic rate was significantly reduced in the 

endurance trained athletes (186). Thus, the increase in HDL 

(and apoA1) associated with exercise training could be 
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explained by the increased survival of the HDL protein. 

Whether this explanation accounts for the observed changes 

in HDL or apoA1 in this or any other resistive training 

study awaits further investigation. 

ApoB levels were unchanged during the study period 

which is also consistent with the results from Blumenthal's 

resistive training study (36) of both pre-and post

menopausal women. The apoB levels for premenopausal females 

are generally lower in females than in men and in this 

sample of women the levels of apoB were quite low (177). 

Although a decrease in LDL and total cholesterol was 

observed, there are other apoB containing lipoproteins in 

plasma (202), VLDL and IDL. VLDL was measured indirectly and 

was unaltered, thus it is likely that the changes in total 

plasma apoB were small. In the current study a difference of 

at least 9mg/dl was needed in the apoB levels (approximately 

20%) to detect a significant difference at 80% power. Since 

the apoB levels were low at the outset of the study, the 

ELISA system may have lacked the sensitivity necessary to 

detect small changes as significant. Furthermore, there is 

considerable variability among the assays for apoB (50% for 

the among assay variability between laboratories) and in the 

antibodies developed against this protein (111) which also 

could have contributed to the insensitivity of the assay. 

Additionally, the among sample period variability (CV%=28) 
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(calculated as the within-subjects standard deviation (112, 

p283-286) and expressed as a CV% relative to the mean of the 

4 sampling period for the controls values) was larger than 

the within and between assay variability (CV%=10.3% and 7.3% 

respectively), further decreasing the ability to detect 

small differences as significant (Table 17). 

The cardiovascular risk ratio tChol/HDL, LDL/HDL and 

HDL2/HDL3 were decreased in this study (Table 14). This 

result has been observed in other studies that have examined 

the resistive training effects in females (35) and in males 

(33,32). The ratios of apoA1 to apoB were not altered in 

this study of the resistive training effects in these 

females (Tables 14). This result was most likely due to the 

elevated levels of apoA1 and lower levels of apoB seen in 

this population. This ratio is high for premenopausal 

females (177) and for this ratio to change there must be a 

comparatively large change in one or the other 

apolipoproteins. In this study, only small changes in apoA1 

(no change from baseline) and no change in apoB. Also, the 

efficacy of this ratio to predict CVD risk has not been 

established in premenopausal women. 

This study, as is the case with many long term 

intervention trials (7), suffered from a high drop-out rate 

as 59% of the exercisers and 27% of controls did not 

complete the 18 month training period (Table 18). At least 



Table 17 

Correlations (r) between baseline HDL, HDL subfractions and the 
apolipoproteins Al and B with values obtained at 5, 12 and 18 months 
and the within sampling period CV% for the controls n=28 
variable 5 month 12 month 18 month *CV% 

THDL **0.63 0.47 0.76 18 

HDL2 0.44 0.55 0.55 42 

HDL3 0.61 0.44 0.56 19 

ApoAI 0.51 0.45 0.43 28 

ApoB 0.51 0.51 0.43 24 

* Expressed as the within subjects standard deviation divided by the 
mean of the 4 sampling periods 

** any correlation (r)=0.37, P<0.05, r=0.47, P<O.OI, r=O.58, P<O.OOI 
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Drop-out data for training study % body fat 

group N 

exercise 56 
drop-out 
morelless 

control 48 
drop-out 
morelless 

baseline 

30.9 

32.1 

N 

46 
10 

43 
5 

5 month 

*29.2 
**32.2 

6/4 

32.4 
31.3 
3/2 

* average % body fat for those remaining 

N 

31 
15 

40 
3 

** average % body fat for those that dropped out 

12 month 

27.2 
33.3 
1114 

32.4 
32.9 
2/1 

N 

23 
8 

35 
5 

morelless = drop-outs with more or less body fat than the mean 
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18 month 

28.6 
30.8 
6/2 

33.1 
34.9 
3/2 
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two problems arise when individuals drop out, (a) sample 

size decreases which directly effects the power of the 

experiment and (b) a selection process occurs where the 

sUbjects remaining may not be representative of the 

population being studied decreasing the generalizability of 

the results. This study retained a sample size of 23 

experimentals and 35 controls and represents the largest 

sample size to date of any long term resistive training 

study of premenopausal ~omen. As for selection bias, there 

were a number of reasons individuals left the study with no 

central explanation. There was however, a general trend 

among the women in the weight lifting group. Those that 

dropped out tended to have greater percent body fat than 

those remaining (Table 18). At each time point the drop outs 

in the experimental group had a body fat content about 10% 

higher than those remaining. This observation has been noted 

by other investigators (203). Therefore, the women that 

might have benefitted the most from the exercise training 

were more likely to drop out of the study. Even though there 

was a selection towards a leaner, smaller female, several 

significant changes in body composition and plasma lipids 

were found. 

Body fat tended to decrease in the experimental group 

during the early part of the training, but was added back by 

the end of the study such that no significant differences 
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were noted with respect to body fat changes. This may have 

been related to the level of leanness in the females at 

baseline, but with a baseline percent body fatness of 27.8% 

they were still within 1 standard deviation below the 

population mean based on data using hydrodensitometry

determined percent body fat (137). The lack of alterations 

in body fat might also be explained by the set point theory, 

where the adaptive response in females is to retain body fat 

for protective or reproductive reasons (204). 

A significant increase in total body lean soft tissue 

was found. This increase occurred throughout the body 

because all regions examined displayed an increase in lean 

tissue (Figure 9). This is the first study to present clear 

evidence that lean tissue can be added in the untrained 

premenopausal female because short term studies have not 

consistently demonstrated this effect (74). It is unlikely 

that the addition of lean tissue was due to the use of 

anabolic steroids that often times confound many resistive 

training studies (205), because these women were carefully 

screened to insure that they were untrained with no prior 

history of participating in any athletic or training 

program. Furthermore, the use of anabolic steroids is known 

to severely depress plasma HDL and HDL2 levels and elevate 

plasma total cholesterol and LDL (206). The changes in 



plasma lipids observed in these females would also argue 

against the women in this study using anabolic steroids. 
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The results of the this long term training study in 

premenopausal females, has shown that this form of exercise 

training can alter plasma lipoproteins towards a lesser risk 

for CVD in this population. These alterations have occurred 

independent of body fat changes and alterations in plasma 

triglyceride levels. However, the possible interaction 

between lean tissue changes and altered plasma lipoprotein 

cannot be excluded. This form of exercise is not 

particularly effective in producing weight loss or reducing 

total body fat because no significant alterations in body 

fat were found. Resistive exercise training can increase 

total body lean tissue in premenopausal females without the 

use of anabolic steroids and reduce risk factors associated 

with cardiovascular disease. These result have implications 

for weight loss programs where the maintenance or addition 

of lean tissue is desirable, and for both cardiac 

rehabilitation, and health related fitness programs where 

the influence of exercise on blood lipids and lipoproteins 

is the major focus. 



147 

CHAPTER 6 

SUMMARY AND CONCLUSIONS 

SUMMARY 

The primary focus of this investigation was to evaluate 

the long term resistive training effects on plasma lipids, 

apolipoproteins and body composition in a sample of 

untrained premenopausal females. More specifically, this 

study was to evaluate the possible interaction of body 

composition changes with any observed changes in plasma 

lipids and the apolipoproteins A1 and B after long term 

resistance training in premenopausal women. An additional 

specific aim, was to use the baseline evaluation of this 

premenopausal female sample to examine the relationship 

between body composition, as determined by DXA, and 

anthropometric indices of body fat distribution. A further 

aim was to use the baseline characteristics from this sample 

to evaluate the relation between DXA estimated variables of 

body fat and fat distribution and plasma lipids, 

lipoproteins and the apolipoproteins A1 and B. Exercise 

training studies have generally not included this population 

as study subjects, particularly with respect to resistive 

training. This has created a lack of information regarding 

the effects of weight training exercise on lipid metabolism 

and body composition within this population. 
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The relationship between body composition and lipid 

metabolism is important to understand, because changes in 

body composition can be readily measured by the use of 

anthropometry, whereas the measurement of lipid metabolism 

is not so easily accomplished. When body composition is 

measured for the purposes of monitoring health risk, the 

understanding of body composition changes relative to 

disease risk factors is vital for meaningful and accurate 

information. If this information is based on sound 

scientific evidence, then the appropriate intervention 

becomes more efficacious and the individual is more likely 

to adhere to an active more healthy lifestyle. 

In this investigation the use of dual energy x-ray 

absorptiometry (DXA) was used to monitor total and regional 

body composition in premenopausal women. This technology 

represents the most advanced technique available for body 

composition assessment in humans. Direct in vivo estimates 

can be obtained for the total body or a given region with 

DXA. These direct estimates of body composition allow for 

the evaluation of fat and lean soft tissue independent of 

bone which, using other techniques, can confound results. 

This technology also allows for the investigation of various 

aspects of the distribution of body fat, which is currently 

an active area of research. Plasma lipids, lipoproteins 

and the apolipoproteins A1 and B were also measured in this 
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study which facilitated the evaluation of the relationship 

between these lipid moieties and the various aspects of 

total and regional body fat distribution as estimated by 

DXA. Total cholesterol and plasma triglycerides were 

measured with commercially available test kits by an 

enzymatic procedure. Total HDL cholesterol was determined in 

the supernatant, using the enzymatic procedure, after 

precipitation of the apoB containing lipoproteins with 

dextran-sulfate. The subfractions of HDL, HDL2 and HDL3, 

were determined by a dual precipitation procedure using 

polyethylene-glycol (PEG). The first step precipitates the 

apoB containing lipoproteins and the second precipitates the 

apoB lipoproteins and the HDL3 subfraction. Both of the 

supernatant fractions are analyzed for cholesterol, the HDL2 

subfraction is estimated by subtracting the cholesterol 

value obtained in second precipitation step from those of 

the first precipitation step. The LDL cholesterol was 

estimated by the Friedwald equation where LDL is determined 

by subtracting the sum of total HDL and the triglyceride 

levels divided by five from the total cholesterol levels. 

The apolipoproteins A1 and B were determined by an enzyme

linked-immunosorbent-assay (ELISA) using commercially 

available antibodies and 96 well polystyrene microtitre 

plates. 
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Prior to the development of DXA, the determination of 

body fat distribution was dependent on the indirect 

techniques of anthropometry. These techniques have been 

useful but it is not clear what aspect of body fat 

distribution is being measured with anthropometry. Because 

DXA produces the most accurate estimates of total and 

regional body fat estimates available, and as a result of 

the body composition assessment of the baseline 

characteristics in these women, the validation of commonly 

used anthropometric indices of body fat distribution were 

related to the DXA estimates of body composition variables. 

This analysis conducted on 104 premenopausal females at 

baseline demonstrated that many commonly used indicators of 

body fat distribution such as the waist circumference to hip 

circumference ratio, are not correlated as well as some less 

used indices. The height to waist circumference ratio, the 

upper arm circumference, and the simple waist circumference 

were all correlated to a greater degree with body fat 

distribution whether it was represented as fat content (% of 

total soft tissue), fat distribution (% of total body fat) 

or the ratio of peripheral (sum of the arm and leg fat) to 

central (truncal) fat. These results indicate that the use 

of these seldom used indices may be more suitable for 

epidemiological studies, clinical applications, health 



related fitness programs and future research studies than 

the waist to hip circumference ratio. 
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Baseline body composition was assessed on all 101 

premenopausal females by DXA along with the plasma lipids, 

lipoproteins, HDL and its subfraction and apolipoproteins A1 

and B. DXA yields direct soft tissue mass estimates of 

specific regional as well as the total body independent of 

bone which can confound the estimates of body fat 

distribution. Body fat distribution has recently been shown 

to be related to plasma lipids and cardiovascular disease 

risk indices. However, much of this work was dependent on 

indirect measures of body fat distribution. Therefore, the 

aim of the second study was to evaluate the relation between 

DXA estimated body composition variables and plasma lipids, 

lipoproteins and the apolipoproteins along with CVD risk 

indices using the baseline characteristics from this sample. 

The results of this analysis have shown that the association 

of body fat with plasma lipids, particularly HDL and the 

subfractions of HDL and plasma triacylglycerol, is greatest 

with the percentage of total body fat in the upper body. 

This includes the upper trunk, the lower trunk and the arms. 

All three of these depots were correlated similarly with 

these plasma lipids and the CVD risk indices of tChol/HDL 

and LDL/HDL. This represents the first investigation that 

has shown an association with plasma lipids and upper trunk 



fat and the fat distributed in the arms. This analysis 

further demonstrated the ratio of the HDL subfractions 

(HDL2/HDL3) along with the apolipoproteins A1 and B, and 

their ratio is not associated with upper body fat in the 

premenopausal female. 
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Weight training effects on plasma lipids, 

apolipoproteins and body composition has not been adequately 

investigated in the premenopausal female. The ability of 

this exercise mode to alter lipid metabolism and body 

composition towards a reduced risk for disease is uncertain. 

The last specific aim of this study was to evaluate the long 

term resistive training effects on plasma lipids, 

lipoproteins and the apolipoproteins A1 and B along with and 

body composition using state-of-the-art technology (DXA). 

Previously untrained premenopausal women were randomly 

assigned to an exercise (n=56) and a control group (n=48). 

Fifty eight women completed the study (35 controls and 23 

experimentals). These women had their plasma lipids, 

lipoprotein, HDL and the HDL subfractions and 

apolipoproteins A1 and B levels determined at baseline and 

after 5, 12, and 18 month of resistive training. 

Total cholesterol and LDL cholesterol levels declined 

in both the control and the exercise groups. This decline in 

total cholesterol was significantly greater in the exercise 

group (22% decrease) when compared to the controls (12% 
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decrease). The results in the LDL cholesterol were similar, 

a 28% decrease was observed in the exercise group and a 16% 

decline was found in the controls. No significant difference 

in total HDL and the HDL3 sub fraction was found between 

groups over the duration of the study period. There was 

however, a significant increase in the HDL2 subfraction in 

the exercising women (30%) when compared to the control 

group 

(-16%) during the study period. The ratio of HDL2/HDL3 also 

significantly increased in the exercising women (46%) and 

was essentially unchanged in the control group (-2%). No 

differences were seen between the exercise and the control 

groups for TAG or the apolipoprotein B. Apolipoprotein A1 

however, declined in both groups over the study period and 

this decline was statistically less in the experimental 

group (8% decrease) than in the controls (23% decline). The 

CVD risk indices were also reduced in the exercise group 

relative to the controls. The ratio of tChol/HDL was 

significantly reduced (lesser risk) by 17% in the 

experimental group and was virtually unchanged in the 

controls (-1%). Likewise, the ratio of LDL to HDL was also 

reduced in the exercising women over the 18 month study 

period by 27% versus a 5% increase in the control group. The 

ratio of apoA1:B declined in both the experimental and 

control groups over the study period, 4% in the exercise 



group and 28% in the controls, this difference was not 

statistically significant. 
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Analysis of body fat distribution by DXA indicated that 

there were no significant changes between the groups with 

respect to total body fat or in the distribution of body fat 

at the conclusion of the study. Lean soft tissue, by 

contrast, increased by 3.1% (1.3kgs) (P<O.01) in the 

experimental group when compared to the controls (O.3kgs). 

The alterations observed in the plasma lipids, 

lipoproteins and the apolipoproteins occurred independent of 

body fat and body fat distribution changes because these 

body composition variables were unaltered over the study 

period. However, the changes observed in plasma lipids were 

analyzed in relation to body composition variables. 

Adjustment using body fat and body fat distribution 

variables did not change the results for the plasma lipids 

and there was no significant covariance seen with these 

variables. When adjusting for lean tissue changes similar 

results were obtained, that is the changes observed in the 

plasma lipids over the 18 month resistive training period 

remained significant, even though significant covariance was 

found with lean soft tissue. 

This study was conducted with three primary goals: (A) 

To determine the relation between body fat distribution as 

determined by the most accurate method available today for 
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body composition assessment and anthropometric indices of 

body fat distribution. Towards this aim the results from 

this study have demonstrated that some seldom used 

anthropometric measurements (the height to waist 

circumference ratio, the upper arm circumference and the 

waist circumference) are correlated to a greater degree with 

body fat distribution in the premenopausal female than the 

more commonly used waist to hip circumference ratio. (8) The 

second major goal was to examine the relationship between 

body fat distribution as determined by DXA, which estimates 

fat and lean soft tissue independent of bone, plasma lipids, 

HDL and its subfractions and the apolipoproteins A1 and B. 

The results from this study have shown that the percentage 

of fat in the upper body, particularly the fat in the upper 

trunk and arms, is correlated with the plasma lipids and the 

HDL subfractions. The fat distributed to the upper body was 

not related to the apolipoproteins A1 and B or their ratios 

and the ratio of the HDL subfractions HDL2/HDL3. (C) The 

final goal of this investigation was to evaluate the effects 

of long term resistive training on plasma lipids, 

lipoproteins, the apolipoproteins A1 and B and body 

composition in the premenopausal female. The relationship 

between changes found in the plasma lipids over the study 

period were related to alterations in body fat, fat 

distribution and lean soft tissue were examined. From the 
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results of this study several conclusions can be drawn. In 

these women, long term resistive training reduced plasma 

total cholesterol and LDL cholesterol. Long term resistive 

training does not raise total HDL in the premenopausal 

female but the HDL2 subfractions can be increased along with 

the ratio of HDL2/HDL3. In premenopausal women, the 

apoliporoteins A1 and B are not altered consequent to long 

term resistance training. The alterations in plasma lipids 

and the HDL subfractions occurred independent of body fat 

and body fat distribution because body fat was unchanged in 

these women. The possibility that these alterations are 

related in part to lean soft tissue however, cannot be 

excluded. These results have shown that this form of 

exercise is capable of reducing the risk for disease in the 

premenopausal female and may be a useful exercise mode in 

health related fitness programs designed to reduce plasma 

lipids and CVD risks. 
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FUTURE RESEARCH 

The results of this study have demonstrated the need 

for further investigation in a number of areas. Due to 

circumstances beyond the investigators control, the baseline 

samples were stored approximately 3 years and the 18 month 

samples for about 1 year. Although it is not clear that this 

impacted on the results, future studies should make every 

attempt to assay the plasma samples as soon as possible and 

avoid long term storage. Additionally, only one plasma 

sample was collected from each of the sUbjects. Hurley et 

ale (32) has recently voiced criticism of studies that have 

collected only one sample for a particular time point. 

Variability for plasma cholesterol can be as much as 11% 

with repeated measurements (207). It is likely that the 

variability is greater for the HDL subfractions and the 

apolipoproteins as evidenced from the current study and 

greater assay precision is needed. Therefore, at least two 

plasma samples should be collected from each subject which 

should result in a reduction in the within subject 

variability and enhance study sensitivity. 

In this study, the LDL levels decreased to a greater 

extent in the exercising women than the controls. It is not 

clear which subfraction of LDL was reduced. Although the 

ratio of apoB/LDL increased in both the experimental and 

control groups, this increase was greater in the exercise 
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group (35% vs 23%), indicating the possibility of a greater 

shift towards a larger LDL particle in the exercising women. 

Recent evidence has demonstrated that the athrogenicity of 

LDL varies with particle size, with the smaller more dense 

particle being the most athrogenic (38,208). There is a 

genetic component to the variability in the distribution of 

LDL particle size (209), however, Williams et ale (210) 

demonstrated that endurance exercise training can 

significantly reduce the s~aller more dense athrogenic LDL 

particle. Whether resistance training can decrease the 

plasma levels of this particle in either males or females is 

unknown and requires further investigation. 

The HDL2 subfraction increased in the weight training 

females and the proportion of HDL2/HDL3 also increased in 

this investigation indicating a metabolic shift had occurred 

towards a larger less dense particle, but it is not clear 

what mechanism(s) are responsible. The activity of the 

enzyme lipoprotein lipase has been shown to be elevated in 

response to acute exercise in both trained and untrained 

males (211), but its response to long term resistance 

training in females is unknown. The measurement of other 

enzymes known to be associated with the vascular processing 

of HDL and its subfractions such as lecithin:cholesterol 

acyl transferase and hepatic lipase would add to our 

understanding of the relationship between the metabolism of 
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HDL and the effects of resistance training. 

Hepatic lipase and lipoprotein metabolism are known to 

be sensitive to the sex steroids, estrogen purportedly 

reduces enzyme activity while testosterone has the opposite 

effect (77,212,213). Furthermore, increasing activity in the 

hepatic lipase enzyme has recently been shown to be 

associated with the smaller more dense LDL particle size as 

well as a reduction in the HDL2 subfraction (214). The 

activity of this enzyme could have explained both of the 

outcomes in this study. The measurement of hormonal changes 

in addition to the lipoproteins would be most informative 

because of their large interaction with lipid metabolism and 

body composition (82). Although, testosterone levels were 

found to be unchanged in females after short term resistance 

training (74,83), the sample sizes of these two studies were 

small and both were limited in scope. Much more work is 

needed to understand the hormonal changes associated with 

long term resistive training in the premenopausal female. 
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APPENDIX A 

HUMAN SUBJECTS CONSENT FORM 



"". ---- .. -----_.: ...,. 

The University of Arizona 

,",uman SUCII!C:r. Commml!!! 
1609 N Warren ,cul/cing :201 Room .. : 

'iuCStln ... mona as;;z.: 
(6021 6~6..Q;'1 or 626-;57: 

1988 

Dear :=. Lonm.ar.: 
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We !lave recel.vec -:~e re-ll.SeC conse:~ :::::1 --- you: ==r::"ec~, "'!.'::'e ~!=ec~s c:: 
?:xer::-se T.rain.:.nc; 0:': 30ne M.1.nera.l ::::::~~ ':':1 D':'::ere:: Age Groups ::: Women" 
(HS:: ~87-90). All c: -:he ccndi::'ons se~ ou: :::l ycu :.:': ou: 16 Cc:o.oe= 19B7 
le~:er have been me~. '!.'hereiore, ap; __ val for ~~ s~Je~s-a~-r.:.sk projec: 
is qran~ed effec:.:.ve 8 February 198B. 

The Human Subjec-:s COlml1i.~~ee (Inst:it:t:::...onaJ. Review Boar::') 0: the [Jniversi~y 0: 
Ar:':c%Ul has a c-.:r:en: aS5Urzmce of cc~J.iance, number !'!-!.2~3, whic!l is. on file 
wi:."l ~"le Depl1r1:men~ ... _ Heal:.."l and Hl::2:l Services c:.::.::! covers :.."lis a~.:.vi~y. 

Approval is granted wi:!l the w:u:ier~g t!la.~ no c:anqes or addi:ions will 
be mace either :::l ce procedures :ol!oved or ~o ce consen: !Or.l1(S) used 
(copl.es 0: which we have on file) W:'=OUf; t.!le knowlecic;e and approval 0: the 
Human Subjects COlml1i.~ocee zmc. you: Col.:.eqe or Depa: =en-cal Review call1llU.:~ee. 
Any resear:~ relatec physical or psyc:clo;ical ~ :::l any subjec: =usoc also 
be repor'Ced :0 eacn comm.:.~ocee. 

;. un.:.·rersi -:y policy rec;u.:.res 1:.na.OC all s:.c;ned subjec: ::mser.: :Eo::ns be jcep~ i::. 
a pe::anen: file .:.n an area desl.9%Ul-cec ==r 'Chaoc pu--pQse ~y :he Depa--::en~ Head 
or cO:lparable au'C.'lcr.:. ::'. '!.'!lis will assure the.:.: access:"::':'l':':y .:.::. ':.he even: 
1:.lla: u.-::.vers.:.:y o::icia.l.s requ:.:e t.Ce i:.:or.uaoc.:.on and ::'e ;:r.:.ncl.pal ':':1Ves:.:.qaocor 
is unavailable for some reason. 

Sincerely yours, 

~ilan Novak, M.=., ~h.=. 
c."l a.:.---=a::. 
Human S~jec:s Cocc.:.:ocee 
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BODYCOMPOSncrONLABORATORY 

UNIVERSITY OF ARIZONA 

EXERCI.SEAND SPORT SCIENCES DEPARTMENT 

SUBJEGrS CONSENT FORM 

Mineral Content in Different Age Groups of Women 
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YOU ARE BEING ASKED TO READ THE FOLLOWING MATERIAL TO 

ENSURE THAT YOU ARE INFORMED OF THE NATURE OF THIS RESEARCH 

STUDY AND OF HOW YOU WTI.,L PARTICIPATE IN IT, IF YOU CONSENT TO 

DO SO. SIGNING THIS FORM WILL INDICATE THAT YOU HAVE BEEN SO 

INFORMED AND THAT YOU GIVE YOUR CONSENT. FEDERAL 

REGULATIONS REQUIRE WRITTEN INFORMED CONSENT PRIOR TO 

PARTICIPATION IN THIS RESEARCH STUDY SO THAT YOU KNOW THE 

NATURE AND THE RISKS OF YOUR PARTICIPATION AND CAN DECIDE TO 

PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 

MANNER. 

You are being invited to participate in a research study to test the effects of 

exercise training on bone density, how thick the bones are, in the spine, hip, 

forearm and the knee cap. Recently, considerable research has focused on bone 

loss in women after menopause resulting in osteoporosis, a softening of the bones. 

Some of these studies have suggested that exercise may slow this bone 1055. Two 

factors are commonly thought to determine if a woman will develop softening of 

the bones. These are the rate of bone loss and the peak bone mass. The 

mechanisms by which exercise affects bone are unknown. This study will 

examine the effects of exercise training by women on their bone mineral content. 



163 

A series of medical tests will be conducted at the beginning of the study, If 

these tests show an underlying medical problem, or if you are pregnant or taking 

any medications which affects bone or interferes with the tests, you will be 

excluded from the study. 

Subjects participating in this study will be assigned by chance to either an 

exercise training group or a matched control group. Subjects in the exercise 

training group will be asked to participate in a minimum of three one-hour 

supervised exercise sessions per week for 18 months. Control subjects will be 

asked to continue their normal daily routines without changing their activity 

levels during the 2-year course of study. A total of 120 subjects will participate in 

this study, including 60 subjects assigned to the exercise training group and 60 

assigned to the control (no exercise) group. The project will be conducted at the 

body composition laboratory, Room 11, Ina Gittings Building, University of 

Arizona and hospitalization will not be required. 

Testing and Training Pba:re:s: 

You will be interviewed for a comprehensive medical history. You will 

undergo determination of body composition (percent fat) by being weighed 

underwater, in a large tank, with simultaneous measurement of residual volume 

(the amount of air in the lungs after a maximum exhalation). This will involve 
• 

breathing into and out of a spirometer (a machine which measures breathing 

volumes) for a period of five to ten seconds. On a separate day, 50 ml of blood 

(approximately 2 ounces) will be drawn from a forearm vein. This blood will be 

used for a number of laboratory tests. A small amount of this blood will be used 

for a pregnancy test before you have any radiation exposure from the bone scans. 

At the beginning of the study, you will collect a 24-hour urine sample into a 

provided container for laboratory tests. You will fill out a number of dietary 

questionnaires throughout the study, You will be asked to replace any calcium 



nutritional supplements you are currently taking with a 500 mgiday calcium 

supplement that. will be provided free of charge to you throughout the study. 
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Bone mineral content of the forearm, hip and spine will be measured by 

photon and x-ray absorptiometry. Measurement of forearm bone mineral content 

will entail sitting quietly in a chair with your arm positioned against braces while 

it is briefly exposed to a slight amount of radiation (much less than a forearm x

ray). For the hip, you will be positioned lying flat on a table with your feet held in 

place with braces, and your hip will be exposed to a small amount of radiation. 

For the lumbar spine, you will be lying quietly on a table with your legs slightly 

elevated and your spine will be exposed to a slight amount of radiation. The total 

radiation exposure for all of the procedures, hip, spine, and forearm, is less than 

a single chest x-ray. These procedures are painless and take approximately 45 

minutes to complete. 

Bone mineral content will also be measured using an x-ray. For this 

procedure, you will be lying quietly on a table for approximately 5 minutes while 

being exposed to a slight amount of x-ray radiation. The total x-ray exposure from 

this method of measuring bone density is much less than a chest x-ray. 

In addition, the bone mineral content and quality of the knee cap, will be 

determined using ultra-sound. This procedure entails sitting quietly in a chair 

while the knee cap is exposed to a brief pulse of sound waves lasting about 60 

seconds. This is a painless procedure and will take approximately 5 minutes. 

Following the initial testing phase, you will be assigned by chance to either 

the exercise training group or the control group. The exercise group will undergo 

supervised training sessions three times per week for one hour per session for 18 

months. The exercise will consist of stretching and flexibility, aerobic activities 

(walk/jog. calisthenics) and resistance exercise (weight lifting). Women in the 

exercise group will be encouraged to continue their program at the end of the 18 
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months of training for an additional 6 months in an unsupervised setting. 

Women in the control group will be counseled to continue their regular daily 

activities for the two years. Both groups will undergo repeated testing throughout 

the study at 5,12,18, 24-month intervals. 

Possible WSks: 

During the blood draws, there will be a slight discomfort associated with 

the initial needle puncture of the skin. There is also a possibility of a bruise or 

localized swelling developing as a result of this procedure. The radiation 

exposure received during the bone measurements will be minimal (much less 

than a chest x-ray) and has no known risks associated with it. Despite having a 

pregnancy test before the bone scans, there is a slight risk that you may be 

pregnant and the effects of radiation on a developing fetus (baby) are unknown. 

Exercise training may result in a stress associated break in a bone or other 

muscle or bone injury. Also, despite extensive medical screening, it is possible 

that a cardiovascular event, stroke or heart attack, may occur as a result of the 

exercise. Every effort will be made to minimize these risks through frequent 

contact with the investigators. but these are risks you will have to assume if you 

decide to participate in this study. 

Conditions ofPartjcipatiQn; 

As a participant in this study I you will gain an understanding of your 

medical and physical profile over a two-year period. These findings may have 

significant implications for the future in gaining an understanding of the specific 

causes of bone changes associated with exercise and of bone health in general. A 

new and specific treatment for preventing bone loss in women may be identified. 

There will be no cost to you to panicipate in this study. and you will be paid $50.00 

for completion of each test session. 



166 

All information concerning any performance of the various tests associated 

with this study will be kept confidential, and all data will be filed according to a 

subject number identification code system. All of the procedures will be under the 

constant and direct supervision of a physician and a physiologist. 

I understand that side effects or harm are possible in any research 

program despite the use of high standards of care and could occur through no 

fault of mine or the investigator involved. Known side effects have been described 

in this consent form. However, unforeseeable harm may also occur and require 

care. I understand that money for research-related side effects or harm, or for 

wages or time lost, is not available. I do not give up any of my legal rights by 

signing this form. Necessary emergency medical care will be provided without 

cost. I can obtain further information from Timothy G. Lohman, Ph.D., Scott 

Going, Ph.D. or Richard Pamenter, Ph.D. at 621-4391. If! have questions 

concerning my rights as a research subject, I may call the Human Subjects 

Committee office at 626-6721. 

In giving my consent by signing this form, I agree that the methods, 

inconveniences. risks. and benefits have been explained to me and my questions 

have been answered. I understand that I may ask questions at any time and that 

I am free to withdraw from the project at any time without causing bad feelings or 

affecting my medical care. My participation in this project may be ended by the 

investigator or by the sponsor for reasons that would be explained. New 

information developed during the course of this study which may affect my 

willingness to continue in this research project will be given to me as it becomes 

available. I understand that this consent form will be filed in an area designated 

by the Human Subjects Committee with access restricted to the Principal 

Investigator. Timothy G. Lohman. Ph.D., or authorized representative of the 
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department. I understand that I do not give up any of my legal rights by signing 

this form. A copy of this signed consent form will be given to me. 

Subject's Signature Date 

Investigator's Signature Date 
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I have carefully explained to the subject the nature of the above project. I 

hereby certify that to the best of my knowledge the subject signing this consent 

form understands clearly the nature, demands, benefits, and risks involved in 

participating in this study. A medical problem, or language or educational 

barrier, has not precluded a clear understanding of her involvement in this 

project. 

Signature of Investigator 

SBG:lblM-1 

Date 
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APPENDIX B 

INI~IAL SCREENING QUES~IONHAIRE 



Subject # 

Effects of Exercise on Bone Mineral 
Content in Women 

MediC31 History 
Screening Questionnaire 

A. General Background 

Name: 

Address: 

Telephone Numbers: (Home) 

Convenient times to call? 

Occupation: 

Age: 

Height: 

Weight: 

(Work) 

How many menstrual periods have you had in the last .,ear? 

Appromnately how many days are there between cycles? 

How many days does your period last? 

C. Medical History 

Have you ever had a broken bone? 

Which bone? 

Have you ever had a stress fracture? 

Which bone? 

Are you currently taking any prescribed medicines? 

Which ones? 

Are you currently taking any over-the-counter medicines? 

Which ones? 

Are you currently taking any steroids (i.e .• anabolic steroids. androgens. 
estrogens. birth control pills. allergy related corticoids)? 
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Which ones? 

Are you currently taking any calcium supplement? 

Which one? 

How long have you taken calcium? 

How many per day? 

Are you currently taking any vitamins? 

Which ones? 

Are you currently taking birth control pills? 

How many times have you been pregnant? 

Number of children? 

Are you pregnant now? 

Have you ever been told you have an allergy to milk or milk products? 

Have you ever been told you have an eating disorder (i.e., anorexia nervosa, 
bulimia)? 

Do you think you have an eating disorder? 

Do you smoke? 

How many? (# of cigarettes per day) 

D. Personal History 

Heart disease 

Diabetes 

Liver disease 

Osteoporosis 

Breast cancer 

Uterine cancer 

Other cancer 
(Type 

Hip fracture 

TYPE or DIAGNOSIS 
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Vertebral fracture 

Eating disorder 

Thyroid disorder 

Kidney stones 

Kidney disease 

Other (please describe) 

E. Brieffamily <brothers, sisters, parents, grandparents) medical history \i.e .• 
do or did any of them have heart disease. diabetes. osteoporosis?): 

Heart disease 

Diabetes 

Liver disease 

Osteoporosis 

Breast cancer 

Uterine cancer 

Other cancer 
(Type- ___ -' 

Hip fracture 

Vertebral fracture 

Eating disorder 

Kidney stones 

Other: (please describe) __ 
SG:lblM-l 

RELATIONSHIP 
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A. General Background 

Name 
Last 

Effects of Exercise on Bone Mineral 
Content in Women 

Physical Activity History 
Screening Questionnaire 

First 

Address & Telephone Number 

Today's Date (mo/day/year) 

Age last birthday _______ years Birthdate 
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Subject # 

Middle 

B. Occupatlon(s). Ust all occupations you have had, starting with current and working back 
over time. Indicate if full or part time, years, and give an estimate of amount of physical activity 
involved using a scale of 1-5 with 1 very little and 5 very much. 

1. Occupation 

a. 
b. 
c. 
d. 
e. 

Full Part 
Time Time very 

little 

Physical Activity 
234 

moder- very 
some ate high 

5 

high 

2. Did any of the occupations listed above require you to consistently lift and/or carry moderate to 
heavy loads? yes no (circle one). 

If yes, please explain 

3. Did you participate in college athletics? yes 

4. Did you participate in high school athletics? yes 

no 

no 

(circle one) 

(circle one) 
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C. Leisure Activity. List the leisure activities In which you panlcipated most freauently over the 
last 5 years. Indicate the number of years. months per year. sessions per month ana minutes 
per session. 

1. Activity 

a. 

b. 

c. 

d. 

e. 

years 
Months 

per year 
Sessions 
per month 

Minutes 
per session 

2. Did any of the activities listed above require you to consistently lift. carry, push or pull against 
moderate to heavy loads? yes no (circle one). 

If yes, please explain _______________________ _ 

3. Have you participated in any type of exercise program in the last 5 years? 
yes no (circle one) 

If yes, please describe the type of exercise. number of years. months per year, sessions per 
month and minutes per session. and give an estimate of the amount of physical activity 
involved using a scale of 1-5 with 1 very little. 2 some. 3 macerate. 4 high, and 5 very high. 

Minutes Amt. of 
1. Exercise Program years 

Months 
per year 

Sessions 
per month per session Activity 

(rating 1·5) 

a. 

b. 

c. 

d. 

e. 



UNIVERSIIT OF ARIZONA 
Exercise/Bone Research Study Diet SCl"Hninll Questionnaire 

~ame ____________________________________ __ Date ______________ _ 

da mo yr 

Phone: Home:, ____________ _ Work: ______ _ 

1. 

2. 

5. 

When were you born? dOl -- mo --yr-- 3. Height 
Fe. In. 

4. How old are you? __ years Weight ---------Pounds 
Diet Evaluation - Food Frequency 

On a typical day, do you consume at least one food in the following list in the amount 
shown to equal 1 servmg OR a combination of the foods in the list that equals 1 serving 
(e.g. Y.. cup milk and Y.. cup yogurt or 1 ounce cheddar cheese and 1 cup 
ice cream)? __ Yes __ No 

Milk • whole, two percent, one percent, skim. chocolate. burtennilk (1 serving... 1 cup) 
Dry milk powder· (1 serving .. 1/3 cup) 
Yogurt. plain, with fruit, or flavored (l serving ... 1 cup) 
Sardines with bones (1 serving - 1/2 cup or 3 ounces) 
Calcium fortified orange juice (1 serving - 1 cup) 
Pudding (l serving ... 1 cup) 
Cheese • American, brick Cheddar, Colby, Edam, Mozare1la, processed cheese 

(1 serving - 2 ounces or 2 one inch cubes) 
Cortage cheese (l serving - 2 cups) 
Ice cream, ice milk (l serving - 2 cups) 
Oysters (l serving - 1 cups) 
Malt, shakes (l serving - 1 cup) 
Creamed soups (1 serving - 2 cups) 
Salmon canned with bones (1 serving .. 213 cup or 5 ounces) 

6. Do you take a calcium supplement? __ Yes __ No 

If the answer is yes, are you willing to stop using the supplement and only take 
the 500 mg calcium supplement that will be given to you in this study? 

___ Yes __ No 

7. Do you take a multivitamin/mineral suppiement? __ Yes __ No 

How many milligrams of calcium does it contain? _____ __ 

How many units of vitamin '0' does It contain? _______ _ 

Axe you willing to stop using the supplement and be willing to switch 
to a comparable suppiement that does not contalIl calcium? 

___ Yes __ No 

8. Do you regularly take any of the following? 

Tums, Titralac. Titralac Syrup, Bicarbonate. A1ka·Seltzer·2 __ Yes __ No 

If the answer is yes, are you willing to stop using the antacid 
and replace it with an antacid that aoes not coneaUl calcium? 

___ Yes __ No 
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I IntefVIewer: ____ _ 

10#:, ______ _ 

BMI: 
< 10 Percentile 
>90 Pert'em:iJe=: 



9. Which of the following have you used [0 help conO'ol your weight? 

__ laxatives 

__ diuretics 

__ self-induced vomiting 

__ bran 

How often in the last week? 
How often in the last month? 
How often in the last year? 

How often in the last week? 
How often in the last month? 
How often in the last year? 

How often in the last week? 
How often in the last month? 
How often in the last year? 

How often in the last week? 
How often in the last month? 
How often in the last year? 

10. Have you ever had. or currently have, any of the following diseases? 

__ Anore:aa nervosa 
__ Arthritis 

_Asthma 
_Bulimia 
__ Cancer 
__ Diabetes 
_Heart Attack 
__ High Blood Pressure 

Had Have 

11. Have you lost 30-50 pounds over the last 2 years or are you in the process of 
losing 30-50 pounds within the next 6 months to 1 year? __ Yes __ No 

12. Are you planning to move away from Tucson in the next: 

IhiRevised 9/11/89 

6 months 
1 year 
2 years 

Yes No Don't 
Know 
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1. To remain in this research study for two years whether selected for exercise 
or control group. 

2. To remain in Tucson for the next two years and to not plan to become 
pregnant during that time. 

3. If selected for the exercise group, participate in all exercise sessions (3 
times a week) for 18 months and to not be away from Tucson for more than 
4 weeks each year. 

4. If selected for control group to not increase or decrease physical activity 
level over the next 18 months. 

5. All participants agree to: 

a. No change in dietary intake throughout the study and to take the free 
calcium supplements daily. 

b. No change in physical activity levels outside participation in this 
study and to not participate in any other exercise program during the 
18 month training period. 

c. Be measured for various physiological variables at the beginning of 
the study (2 to 3 measurement sessions of 1 to 4 hour in length), and 
after 5 months, 12 months, 18 and 24 months. These measurements 
will require you to come to the laboratory for day time testing. 



1. Monetary compensation after each testing period ($50/session) and free 
calcium supplements. 

2. At the end of the study to receive: 

a. Full report of bone health status. 
b. Body composition status. 
c. Changes in body composition over the 2-year study. 
d. Hormonal status throughout the study. 
e. Dietary intake throughout the study. 
f. Summary of findings. 

3. Opportunities to meet and exercise with other women in your age group. 

4. Students selected for the exercise group will be offered FREE participation 
in a one and half year exercise training program designed and supervised 
by qualified exercise leaders. 

5. Subject selected for the non exercise group can after two years join Desert 
Sports and Fitness (3 locations in Tucson) with a reduced 3 month 
introductory offer ($20.00/month). We will provide introductory sessions on 
the weight-resistance exercises used in this study so that all participants 
will have the benefit of the results of this study. 
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APPENDIX C 

SUBJECT RECRUITMENT/SCREENING CRITERIA/PHYSICAL ACTIVITY 
ASSESSMENT 
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Recruitment 

The women for the study were recruited from Tucson, 

Arizona and the surrounding communities. Subjects were 

recruited from advertisements in local newspapers, on radio 

and television, presentations to local community 

organizations and direct mailing of study announcements 

using university and community mailing lists. 

Background 

Before enrollment into the study, all prospective 

subjects were screened to ensure that their age, health, 

physical activity history, diet, availability and medical 

history were appropriate for the study. Initial screening 

was done by questionnaire at large group meetings. Informed 

consent and additional screening was done at a second 

meeting with those subjects who appeared to be good 

candidates. 

Selection criteria were as follows 

(a) Sex and age-premenopausal females, aged 28-40 

years. 

(b) Race-racial comparisons were not part of this 

study, only white females were recruited. 
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(c) Activity-only subjects who were previously inactive 

for at least 2 years prior to the study were 

enrolled. Subjects engaged in leisure 

occupational activity requiring regular lifting, 

pushing, pulling or carrying heavy weights were 

excluded. Also, subjects who had engaged in 

resistance training or interscholastic or 

intercollegiate athletic competition of any kind 

were excluded. 

(d) Health-subjects having an illness or taking 

medication known to modify body composition, or 

who were not physically able to train and be 

tested were excluded. 

(e) Diet-subjects with a history of eating disorders 

or low nutrient and caloric intake were excluded. 

(£) Body weight/BMI-subjects with more than a 25 lb 

change in body weight in the year preceding the 

study or exceeding the 95th percentile in bodymass 

index (BMI) were excluded. 

(g) Randomization-subjects were required to accept 

random assignment to exercise and control groups. 
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Physical Activity Assessment 

Subject physical activity history was assessed by 

questionnaire prior to enrollment in the study and at 

regular intervals throughout the study in both experimental 

sUbjects and controls. The information from the initial 

assessment was analyzed for activity type, frequency, 

duration and time since cessation of regular activity and 

used to screen subjects according to the subject selection 

criteria. Follow-up assessments were completed at 5, 12 and 

18 month intervals corresponding with all other 

measurements. Both experimental and control subjects were 

provided with a 5-6 months recall of type, frequency, 

intensity and duration of physical activity. The 

information obtained was used to assess compliance of 

control subjects. They were provided with instructions to 

refrain from regular physical training, maintain normal 

activity for the duration of the study and to assess leisure 

time activity of the experimental subjects. Activity type, 

frequency, intensity and duration of activity of 

experimental and control subjects were compared. 

Additionally, this information in combination with 

established estimates of energy cost of various activities 

were used to estimate energy cost (METS) of activity in 

control and experimental subjects. Energy expenditure over a 

given time period was used to derive an index of activity in 
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METS reflecting typical activity (energy expenditure) in a 

given time. Records of each training session were obtained 

from the experimental subjects allowing estimation of energy 

expended in training in addition to leisure time and total 

energy expenditure. 
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APPENDIX D 

ASSAY PROCEDURES AND PERFORMANCE 
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TOTAL CHOLESTEROL ASSAY 

Principal references: 

A. Auerbach, BJ, Parks, JS, and Applebaum-Bowden, D. 
A rapid and sensitive micro-assay for the enzymatic 
determination of plasma and lipoprotein cholesterol. J Lipid 
Res. 1990, 31:738-742. 

B. Manufacture's pamphlet, accompanying the reagent 
kit. 

Reagents: 

(a) High performance cholesterol reagent 
(Boehringer Mannheim Diagnostics, cat. no. 
236691). 

(b) Preciset Cholesterol Calibrator 
(Boehringer Mannheim Diagnostics, cat. no. 
125512) • 

Procedure: 

(a) Dilute all standards and samples 1:5 with 
physiological saline. 

(b) To a 96 well microtitre plate (Nunc
Immunoplate, Maxisorp) deliver 10~1 of diluted 
sample and standard in triplicate into each 
well. 

(c) Add 190~1 of High Performance Cholesterol 
reagent to each well. 

(d) Place microtitre plate on the microtitre plate 
shaker and shake for 30 sec-remove from 
shaker and incubate for 10 min at room 
temperature. 

(e) Read on a microtitre plate .reader with the 
492nm filer - record optical densities. 

(f) Sample concentrations are read directly from 
standard curve. 

(g) Use plasma samples of known concentrations 
from the Center for Disease Control as 
internal controls. 
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TOTAL CHOLESTEROL ASSAY PERFORMANCE 

astandard Concentrations bControls 
Ass.no. 50 100 200 300 400 Low High cAvg.CV% dRange 

1 e 52 101 196 301 397 77 270 3.4 0.4-6.1 

2 49 104 200 301 397 77 275 4.2 1. 0-12.2 

3 52 99 198 300 397 75 270 4.1 1. 0-8.5 

4 51 97 203 303 386 78 278 4.8 0.7-8.6 

5 51 101 202 292 390 71 267 4.6 1. 3-7.3 

6 50 102 200 296 400 76 266 4.2 0.0-9.0 

7 50 100 199 300 397 72 277 3.3 0.9-6.8 

8 51 100 200 299 399 80 271 3.9 0.5-9.6 

9 52 101 199 299 397 79 270 3.3 1. 2-6.6 

a. Standard concentrations are specified by the 
manufacture. 

b. Control values are the CDC plasma samples of known 
concentrations. Low control is 72-84 mg/dl, 
high control is 264-282 mg/dl. 

c. The average coefficient of variation (mean/SD *100 
=CV%) for each plate is the average of each 
triplicate value (n=32) • 

d. The range is the range of CV%'s for that plate. 

e. The values are calculated from the regression 
equation from the standard curve. 

The estimated between plate variability, determined 
from the values for the control plasma from each assay and 
expressed as the CV%, is 4.0% for the low control and 1.6% 
for the high control. 
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TOTAL HDL AND HDL SUBFRACTION ASSAY 

Total HDL 

principal reference: 

A. wa~nick, GR, Benderson, J, Albers, JJ. Dextran 
sulfate-Mg +precipitation procedures for the quantitation of 
high density-lipoprotein cholesterol. Clin Chern. 1982, 
28:1379-1388. 

Reagents: 

(a) 

(b) 

(c) 

Stock 2% dextran sulfate (Mr 50000 SOCHIBO, 
SA, Bouloge, Fr.), pH-7.0. 

Stock Mg2+Cl2 solution (1.0 mol/L), pH-7.0. 

Working reagent (OS), combine 1 part 2% 
dextran sulfate with 1 part Mg2+C12 solution. 
This is the precipitating reagent, store in 
refrigerator (40 C), it is useable for 1 week. 

Procedure: 

(a) Add 1 part working reagent to 10 parts of 
serum or plasma (ie. 10~l working reagent to 
100~l of plasma, total volume 110~l). 

(b) Immediately after adding the working solution 
to the plasma, vortex and allow to incubate at 
room temperature for 10 min. 

(c) After incubation, centrifuge sample at 1500 x 
g for 30 min. 

(d) Collect the clear supernatant from each tube. 
The supernatant contains the total HDL 
cholesterol. 

(e) Assay undiluted supernatant for cholesterol. 
A correction factor of 1.1 is necessary to 
obtain the final sample concentration. 
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HDL Subfractions 

Principal reference: 

A. Kostner, GM, Molinari, E, and Pichler, P. Evaluation 
of a new HDL2/HDL3 method based on precipitation with 
polyethylene glycol. Clin Chim Acta. 1985, 148:139-147. 

Reagents: 

(a) Solution A - 9.5% polyethylene glycol 20000 
(PEG) (Fluka Chern. Corp. catalog no. 81300) in 
0.1 mol/L Na-phosphate buffer, pH 6.5. 

(b) Solution B - 15% PEG 20000 in 0.1 mol/L Na
phosphate buffer, pH 7.5. 

Procedure: 

(a) Add 200~l of solution A to 100~l of plasma, 
add 200~l of solution B to another 100~l from 
the same plasma sample. 

(b) Vortex immediately after addition of solution 
A or B and incubate at room temperature for 10 
minutes. 

(c) After incubation, centrifuge samples at 5000 x 
g for 5 minutes. 

(d) Collect supernatant, solution A supernatant 
contains total HDL cholesterol, solution B 
supernatant contains the HDL3 cholesterol. 

(e) Assay undiluted supernatant for solution A and 
B for cholesterol. A correction factor of 3 is 
necessary to obtain sample concentration. 

(f) HDL2 cholesterol is estimated by subtracting 
the concentration obtained from the 
supernatant of solution A from the value 
obtained from the supernatant of solution B. 



ASSAY PROCEDURE FOR TOTAL HDL AND HDL SUBFRACTION 
CHOLESTEROL 
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(a) Dilute the 100 mg/dl Preciset standard to 
yield standard concentrations of 1, 5, 10, 25, 
50, and 100 mg/dl. 

(b) Assay a 10~l sample of undiluted supernatant 
from the DS supernatant and the PEG 
supernatant on the same microtitre plate 
following the procedures for the total 
cholesterol assay. 
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TOTAL HDL AND HDL SUBFRACTION CHOLESTEROL ASSAY PERFORMANCE 

Standard concentrations 
Ass.no. 1 5 10 25 50 100 

1 a1 5 10 24 50 99 
2 1 5 10 24 50 99 
3 1 5 10 25 50 99 
4 1 5 10 50 98 
5 2 5 10 24 99 
6 1 5 10 24 51 99 
7 1 5 10 24 50 98 
8 1 5 10 24 51 98 
9 1 5 10 24 50 99 

10 1 5 10 24 51 100 

bControls 
Low High 

29 50 
28 50 
26 43 
32 44 
28 54 
29 47 
30 48 
27 48 
30 53 
31 46 

.7'~vg. CV% 
6.5 
5.7 
5.4 
6.7 
6.8 
5.8 
4.5 
5.8 
6.4 
5.9 

Range 
3.0-15.3 
2.5-7.4 
1. 1-16.7 
2.7-12.5 
4.2-8.6 
2.0-14.3 
2.4-7.1 
1. 2-8.3 
1.5-9.1 
2.8-8.3 

(a) Values are calculated from the regression 
equation developed from the standard curve. 

(b) Control plasma from CDC samples where 
Low = 26-32 mg/dl and High = 44-56 mg/dl 

The within plate variability for the precipitation 

reaction was determined by precipitating eight aliquots from 

the same sample and assaying each on the same plate. All 

values are in mg/dl. 

no. sol.A 
1 14.9 
2 14.8 
3 15.0 
4 14.3 
5 14.6 
6 15.1 
7 14.6 
8 14.0 

mean 14.7 
CV% 2.5 

sol.B 
12.6 
12.8 
12.5 
11. 8 
12.4 
12.6 
11. 9 
11. 7 
12.3 
3.4 

THDL(DS) 
47.6 
47.3 
47.9 
48.6 
46.6 
47.5 
44.7 
47.6 
47.2 
2.5 

THDL(PEG) 
44.9 
44.9 
45.0 
42.9 
43.8 
45.3 
43.8 
42.0 
44.1 
2.7 

HDL3(PEG) 
37.8 
38.4 
37.5 
35.4 
37.2 
37.8 
35.7 
35.1 
36.9 
3.4 

HDL2(PEG) 
7.1 
6.5 
7.5 
7.5 
6.6 
7.5 
8.1 
6.9 
7.2 
7.5 
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The between assay variability was determined by 

assaying 8 different subjects on 4 different days. The CV% 

(determined by the average of the four values) for each 

subject is listed below. 

Subject no. THDL(DS) THDL(PEG) HDL3(PEG) HDL2(PEG) 
1 7.1 4.6 6.7 13.4 
2 10.9 4.6 14.7 15.1 
3 7.8 5.0 5.0 11. 6 
4 9.1 9.1 7.5 13.6 
5 8.4 8.4 5.8 23.3 
6 4.3 13.3 8.1 10.5 
7 10.5 10.5 11.0 21.9 
8 5.5 8.9 9.8 11.8 

mean CV% 9.1 8.1 8.6 15.2 
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TRIGLYCERIDE ASSAY AND LDL DETERMINATION 

Triglyceride 

Principal reference: 

A. Manufacture's instruction pamphlet. Application code 
157. 

Reagents: 

(a) Triglyceride/GB test kit, catalog no. 450032. 
(Boehringer Mannheim diagnostics, 
Indianapolis, IN.) 

Procedure: 

(a) Prepare working reagent solutions no.1 and 
no.2 as instructed in the pamphlet provided 
with the test kit. 

(b) Follow the procedures as outlined in 
manufactures instructions. 

(c) Run a low and high CDC sample with each assay. 

( d) 

There is no standard curve, use a reagent 
blank as the zero. Subtract blank OD from 
sample OD and multiply by 760, value will be 
in mg/dl. 

Assay performance: 

Ass.no Blank OD a 50 a209 
1 0.029 53 218 
2 0.033 52 224 
3 0.033 51 216 
4 0.032 50 213 
5 0.036 52 215 
6 0.030 57 223 
7 0.033 55 218 
8 0.033 53 220 

a. CDC target values are low = 41-59 mg/dl and 
high = 195-223 mg/dl. 

There were no replicates for this assay due to the 
considerable expense. Previous experience has indicated the 
within replicate variability is very low «2%). Between 
assay variability (CV%) as determined by CDC samples, Low = 
4.2%, High = 1.8%. 



LDL Determination 

Principal reference: 

A. Friedwald, WT, Levy, RI, and Fredrickson, DS. 
Estimation of the concentration of low density 
lipoprotein in plasma, without use of the 
preparative ultracentrifuge. Clin Chem. 1972, 
18:499~502. 

Reagents: 

(a) No reagents are required. 

Procedure: 
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a) The following formula is used to estimate LDL; 
LDL=Total cholesterol - (HDL + triglyceride/5). 
Triglyceride/5 estimates VLDL cholesterol. 
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APOLIPOPROTEIN Al AND B ASSAY 

Principal references: 

A. Kemeny, DM. "A practical guide to ELISA". Pergamon 
Press 1991. 

B. Ordovas, JM, Perterson, JP, Santaniella, P. et al. 
Enzyme-linked immunsorbent assay for human plasma 
apolipoprotein B. J Lipid Res. 1987, 28:1216-1224. 

Reagents: 

(a) Anti Human Apolipoprotein A1 (Biodesign 
International, Kennebunkport, ME. catolog no. 
K45252G) • 

(b) Anti Human Apolipoprotein B (Biodesign 
catolog nO.K45253G). 

(c) Anti Human Apolipoprotein A1 conjugated. with 
alkaline phosphate (Biodesign catalog 
no.K90085A) . 

(d) Anti Human Apolipoprotein B conjugated with 
alkaline phosphatase (Biodesign catalog 
no.K90086A) . 

(e) Calibration serum from Boehringer Mannheim 
(catalog no.162794-63), concentration of ApoA1 
and Bare 163 and 96 mg/dl respectively. 

(f) Phosphate buffered saline (PBS), pH 7.4 
(after Kemeny p.99). 

(g) Blocking buffer 1% bovine serum albumin in 
PBS. 

(h) Coating buffer, 0.2M bicarbonate buffer pH 
9.6. (Kemeny p.98). 

(i) Sample buffer, PBS with 0.05% Tween 20 and 
0.5% BSA. 

(k) Washing buffer, PBS with 0.05% Tween 20. 

(1) Substrate buffer, diethanolamine, pH 9.8. 

(m) p-Nitrophenyl phosphate (pNpp) tablets (Sigma 
Chemical Corp.). 
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Procedure: 

(a) All procedures are the same for both 
apolipoproteins. Dilute capture antibody with 
coating buffer to yield a concentration 0.5 
~g/ml for anti-apoA1 and 1.0 ~g/ml anti-apoB. 

(b) Add 100~1 of antibody solution to each of the 
96 wells of the Nunc-immunoplate. Seal plate 
and incubate in the refrigerator overnight 
(4oC). 

(c) After incubating overnight, remove coating 
buffer and tap out excess. Add 300~1 of 
blocking buffer to each well, seal plate and 
incubate overnight in refrigerator. 

(d) Remove blocking buffer from wells and wash 
plates twice with washing buffer using the 
microtitre plate washer, tap out excess. 

(e) Dilute serum standards with sample buffer to 
yield a standard concentration range for apoA1 
of 41 to 652 ng/ml and for apoB 24 to 384 
ng/ml. 

(f) Dilute plasma samples and pooled serum samples 
(3 levels from the Northwest Lipid Research 
Laboratories) 1/10000. 

(g) Add 100~1 of all samples, internal controls 
and standards in triplicate to each well of 
the microtitre plate. Seal plate and incubate 
at 370 C for 1 hour. 

(h) After incubation wash plates 3 times tap out 
excess. Dilute (sample buffer) detector 
antibody to produce concentrations of 1 ~g/ml 
for anti-A1 conjugate and 2.0 ~g/ml anti-B 
conjugate. Add 100 ~l of this solution to each 
well and incubate at 370 C for 1 hour. 

(i) Once incubation time has elapsed, wash plate 3 
times, tap out excess. Dissolve 2-4 20 mg pNpp 
tablets in 25 ml diethylnolamine. Add 100g1 of 
substrate to each well and incubate at 37 C 
for 30-90 minutes to develop color. 
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Procedure-continued 

(j) Stop reaction by adding 100~1 of 2N NaOH to 
each well. Read plates on the microtitre plate 
reader and record optical densities. 

(k) Some optimization of these procedures will 
probably be necessary depending on antibody. 
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APOLIPOPROTEIN A1 AND B ASSAY PERFORMANCE 

Principal reference: 

A. Marcovina, SM, Albers, JJ, Dati, F. et al. 
International federation of clinical chemistry 
standardization project for measurement of 
apolipoproteins A1 and B. Clin Chem. 1991, 37:1676-
1682. 

All samples were adjusted to yield values that were 

nearest to the known sample values provided by the Pacific 

Northwest Lipid Research Laboratories. This procedure has 

been recommended to the InternationaL Federation for 

Standardization of Apolipoproteins A1 and B. The adjustment 

was as follows; each serum pool value was divided by the 

value obtained from the assay, the three values were then 

averaged to yield a single adjustment factor. The same 

adjustment was then applied to each of the samples. All of 

the plasma samples were adjusted relative to the known 

values of the serum pools. 

apoA1 
unadjusted adjusted 

(112) (132) (166) 
Ass.no. Low Middle High adj. factor Low Middle High CV% 

1 176 236 323 X 0.57 100 133 183 8.6 
2 269 323 377 X 0.42 113 136 158 9.5 
3 291 413 X 0.42 124 176 13.8 
4 185 289 333 X 0.49 91 142 163 12.7 
5 259 266 372 X 0.41 106 109 153 10.6 
6 207 263 332 X 0.50 104 131 166 13.0 
7 175 229 342 X 0.51 90 117 174 13.3 
8 217 250 336 X 0.51 111 127 171 22.7 
9 200 288 359 X 0.45 100 130 161 8.9 

10 196 252 351 X 0.48 94 121 168 11.4 
mean 101 127 167 
CV% 8.2 7.6 5.4 
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APOLIPOPROTEIN A1 AND B ASSAY PERFORMANCE-continued 

apoB 
unadjusted adjusted 

(85) (104) (136) 
Ass.no. Low Middle High adj. factor Low Middle High CV% 

1 103 144 159 X 0.79 81 114 126 8.7 
2 93 159 203 X 0.73 68 116 148 13.6 
3 92 141 187 X 0.79 73 111 148 5.8 
4 67 83 105 X 1.21 81 101 127 8.2 
5 97 133 160 x 0.83 81 110 133 11.4 
6 80 106 134 NONE 80 106 134 15.3 
7 94 138 190 x 0.78 73 109 148 9.3 
8 125 158 171 x 0.75 94 119 129 7.8 
9 80 121 151 x 0.94 74 112 140 10.1 

10 169 195 236 x 0.54 91 105 126 12.9 
mean 80 110 136 
CV% 10.2 4.9 6.9 

Figure 10 shows the average standard curves for apoA1 
and B for n=10 assays for this investigation. 
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