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ABSTRACT
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Sports Exerc., Vol. 36, No. 9, pp. 1610-1615, 2008ur pose: This study explores sex and race differences in the association between
changes in fat mass (FM), abdominal visceral fat (AVF), and abdominal subcutaneous fat (ASF) on blood lipid changes consequent
to aerobic exercise traininyl ethods: The sample included 613 participants (428 white and 185 black, 46% men) from the HERITAGE
Family Study. Total FM was determined by densitometry, whereas AVF and ASF cross-sectional areas were determined by computed
tomography at the L4-L5 level. Blood lipid measurements included total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), and the TC/HDL-C ratio, which were obtained before and
after 20 wk of supervised aerobic exercise. Canonical correlation was used to determine the multivariate associations between body
fatness and blood lipids at baseline and the changes induced by exercise tidemngs: Body fat accounted for 26-36% of the
variance in baseline blood lipids, and changes in body fat accounted for 7-21% of the variance in changes in blood lipids with exercise
training. The pattern of loadings indicated similar relationships between body fatness and blood lipids at baseline, and their respective
changes with exercise training among the four sex-by-race groups. Greater fat loss, characterized by loss of FM, AVF, and ASF, was
associated with a greater blood lipid response characterized by an increase in HDL-C and decreases in LDL-C, TG, TC, and TC/HDL-C.
Although the pattern of loadings was similar in all groups, the strength of the association was stronger in blacks than in whites.
Conclusion: The multivariate associations among fat loss and changes in blood lipids consequent to aerobic exercise training are similar
in black and white men and womeK.ey Words: ETHNICITY, EXERCISE TRAINING, LIPOPROTEINS, ADIPOSE TISSUE,
CANONICAL CORRELATION, AEROBIC FITNESS

hallmark adaptation of chronic physical activity is The results of a recent meta-analysis suggest that im-
cardiovascular disease risk reduction. Intervention provements in blood lipids consequent to exercise training
studies in populations at mild-to-moderate coronary may be dependent upon loss of body weight (16). For
risk have demonstrated improvements in blood lipid profiles example, a recent analysis from the HERITAGE Family
with standardized exercise training (14,17). To date, the study found no association between changes in maximal
mechanisms behind these improvements remain unresolvedpxygen consumption (¥,,,,,) and changes in blood lipids
and the independent contribution of physiological training consequent to exercise training; however, there was a sig-
effects on the cardiovascular systeen se versus exercise-  nificant relationship with changes in fat mass (FM) that was
induced alterations in body composition remain a topic independent of sex and race (13). The metabolic effects of
worthy of further exploration (27). chronic exercise training may be due to loss of total fat
(6,13) or abdominal visceral fat (AVF) (6).
Evidence from cross-sectional studies indicates that total
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sex differences in adipose tissue metabolism are well de-

0195-9131/04/3609-1610 scribed (2), and are potentially explained by higher hepatic
MEDICINE & SCIENCE IN SPORTS & EXERCISE lipase activity in men (4). Given the increasing prevalence
Copyright © 2004 by the American College of Sports Medicine of obesity in the United States (7), and the relationship
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action between blood lipids, total and regional fat, and
response to exercise training warrants further study.

Because cardiovascular disease risk is not easily captured
by a single risk factor in isolation, the examination of
multivariate associations between body fathess and blood
lipids may lead to an improved understanding of race and
sex differencesin the cardiovascular risk reduction observed
with exercisetraining. Therefore, theintent of this study was
to determine the multivariate rel ationships between FM and
specific fat depots (ASF and AVF) with plasma lipids at
baseline and in response to 20 wk of aerobic exercise
training, and to explore race and sex differences in the
associations.

METHODS

Participants. The HERITAGE Family Study was de-
signed to investigate the genetics of cardiovascular and
metabolic risk factors, and subsequent responses to a 20-wk
program of standardized aerobic exercise training. The
present sampleincludes 613 participants (428 white and 185
black) who completed 20 wk of aerobic exercise training
and had the required measurements before and after train-
ing. All participants were screened for baseline physical
activity levels and were included if they were sedentary,
defined as less than 30 min-wk —* of high intensity physical
activity (<50 yr: 7-8 METs; =50 yr: 5-6 METS) over the
previous 3 months.

Participating ingtitutions included four clinical centers
[Arizona State University (now Indiana University), Laval
University (now Pennington Biomedical Research Center),
University of Minnesota, and The University of Texas at
Austin (now Texas A&M University)] and a data coordi-
nating center at Washington University in St. Louis. All
protocols were approved by all participating institutions
ethics review boards for studies involving human subjects,
and written informed consent was obtained from all
participants.

Study personnel were centrally trained in all aspects of
recruitment and measurement. The HERITAGE Family
Study employed a rigorous program of data quality and
assurance, including repeat assays on 5% of blood samples
and analyses of split samples prepared at each clinical center
(10). Reliability studies have found good consistency among
centers and among individua technicians for al clinica
measurements (5). Participants were excluded from the
study if at screening they had a body mass index over 40
kg-m~2, if they had elevated blood pressure (=160/100 mm
Hg), potential cardiovascular pathology or respiratory dis-
tress, metabolic disorders, or if they were currently using
blood pressure, blood glucose, or blood lipid-lowering
medication.

Blood lipid measurements. Blood samples were
drawn from an antecubital vein in the morning after a 12-h
fast and collected into Vacutainer tubes with EDTA. Sam-
ples in women were collected during the early follicular
phase of the menstrual cycle. Plasma concentrations of total
cholesterol (TC), high-density lipoprotein cholesterol
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(HDL-C), low-density lipoprotein cholesterol (LDL-C), and
triglycerides (TG) were assayed. Plasma was ultracentri-
fuged and the top fraction containing VLDL was quantita-
tively recovered. The LDL in the ultracentrifuged bottom
fraction was precipitated with heparin and MgCl,, (3,19) and
the HDL was obtained in the supernatant. The concentra-
tions of cholesterol (1) and total TG (8) were measured by
autoanalyzer (Technicon RA-500).

For the purpose of this study, baseline blood lipid mea-
surements (PRE) were reported as the average of measure-
ments on two separate days, and posttraining (POST) as the
average of 24- and 72-h measurements after the last exercise
bout, given that there were minimal differences in the 24-
and 72-h posttraining plasma lipid measurements (17). Cor-
rections for potential training-induced plasma volume
changes were made using the Biuret method (Roche Mo-
lecular Biochemicals, Dallas, TX) by adjusting the POST
specimens for the difference between PRE and POST
plasma total protein levels (17).

Body composition measures. Height was measured
using a stadiometer while barefoot and standing on a flat
surface, and weight was measured with a leveled platform
scale. Body massindex (BMI) was subsequently calcul ated
as weight (kg) divided by squared height (m?), and waist
circumference (WC; cm) was measured with an inelastic
tape at the narrowest waist. Computed tomography (CT)
scans at the intervertebral disk level of the fourth and fifth
lumbar vertebrae (L4-L5) were used to measure the cross-
sectional area (cm?) of ASF and AVF. All scans were
analyzed according to the method of Sjostrom and col-
leagues (23). Hydrostatic weighing was used to measure FM
in a postabsorptive state using a standard protocol, with
correction for residual lung volume by the oxygen dilution
technique (29) in three of the centers, and by the helium
dilution technique (20) at Laval University.

Aerobic exercise training program. Participants ex-
ercised for 20 wk on a cycle ergometer, 3x wk~* for 30-50
min per session. Details on the training component of HER-
ITAGE can be found elsewhere (24). Briefly, the power
output of the cycle ergometer was automatically adjusted to
the heart rate response of the participant during each of the
training sessions. Participants started at 55% of their base-
line VO, for 30 min per session and progressed in
intensity or duration every 2 wk following a standardized
protocol until they were working at 75% V O,y,,, for 50 min
per session for the final 6 wk. Participants were counseled
at baseline and midway (10 wk) through the exercise train-
ing program not to alter their usual health and lifestyle
habits outside of the study, including diet and physica
activity levels.

Statistical analyses. Participants were stratified into
four sex-by-race groups for comparison, and all statistical
analyses were performed using SAS procedures (SAS In-
gtitute; Cary, NC) (22). The distribution for TG was posi-
tively skewed and was normalized by a log transformation
before further analysis. Associations between individua
baseline blood lipid measurements and each of the three
adiposity measures, as well as their changes, were assessed
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with partia correlations, controlling for age. Canonical cor-
relation was used to quantify the multivariate associations
between baseline body fatness (ASF, AVF, and FM) and
blood lipids (TC, HDL-C, LDL-C, TG, and TC/HDL-C),
and among the change scores consequent to 20 wk of
aerobic exercise training. Briefly, canonical correlation col-
lapses clusters of related variablesinto composite indices, or
canonical variates. The linear association between the two
“sets’ of variablesis assessed in such away asto maximize
the correlation between the two canonical variates. The
canonical correlation isthe bivariate correlation between the
two canonical variates, whereas the squared canonical cor-
relation is an indication of the variance shared by the two
canonical variates. Bivariate correlations between the orig-
inal variables and their respective canonical variates are
interpreted as loadings, which define the canonical variates.
In other words, the loadings represent the contribution of
each origina variable to the canonical variate. Graphical
presentations of loadings allow the visualization and inter-
pretation of canonical variates. The blood lipid and body
fatness measures used in the analysis were selected to pro-
vide the most clinically relevant blood lipid and body fat-
ness profile with minimal overlap between component
variables.

RESULTS

Table 1 presents the baseline characteristics of study
participants, by sex and race. Black men had significantly
lower AVF and higher TG levels than white men. Black
women had significantly greater BMI, WC, FM, ASF, but
lower TG and TC than white women.

Partial correlations, adjusted for age, indicate that the
associations between baseline fatness and blood lipids were
similar across the four race-by-sex groups (Table 2, top
panel). However, the associations between changes in indi-
vidual indicators of fatness and blood lipids, while similar in
blacks and whites within the two sex groups, were generally
stronger in women than in men within the two racial groups
(Table 2, bottom panel).

TABLE 1. Baseline characteristics of HERITAGE participants.

Men Women
Black White Black White

(N=T17) (N=206) (N=108) (N = 222)
Age (yr) 336118 364150 322=+111 348+139
BMI (kg'm—2) 27151 26446 279+60 249=+139*
WC (cm) 919151 939+129 904 +155 856+ 14.7*
FM (kg) 204107 199+105 275+122 212+112*
ASF (cm?) 225 = 163 223 =124 338 =172 283 + 148*
AVF (cm?) 76.4 = 56 106 = 92* 684 +43.0 746538
TC (mmol-L~") 446 0.9 45710 417+08  4.45=+0.90*
HDL-C (mmol-L™")  1.02 = 0.4 094+02 113+03 116=03
LDL-C (mmol-L™")  2.99 = 0.8 30809 279+07 293+0.79
TG (mmol-L™") 127 0.8 15609 090=x05 1.19=06"
TC/HDL-C 472 =17 51016 387 =11 401 =114

Values are means =+ SD.

* Independent ttests P < 0.05 for race differences, within sex.

BMI, body mass index; FM, total fat mass; ASF, abdominal subcutaneous fat; AVF,
abdominal visceral fat; TC, total cholesterol; HDL-C, high-density lipoprotein-
cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG, triglycerides.
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TABLE 2. Partial correlations (adjusted for age) between baseline and exercise-
induced changes in blood lipids and adipose tissue.

Black White
Baseline
FM ASF AVF FM ASF AVF
Men
HDL-C -0.31 -0.32 -0.35 -0.28 -0.28 -0.29
LDL-C 0.35 0.37 0.22 0.29 0.30 0.14
TC 0.36 0.41 0.24 0.30 0.32 0.18
TC/HDL-C 0.47 0.51 0.47 0.42 0.43 0.36
TG 0.45 0.49 0.45 0.39 0.40 0.33
Women
HDL-C -0.34 —-0.34 —0.45 -0.31 —-0.28 -0.37
LDL-C 0.28 0.26 0.30 0.24 0.24 0.32
TC 0.24 0.21 0.25 0.15 0.16 0.25
TC/HDL-C 0.43 0.40 0.53 0.37 0.36 0.49
TG 0.43 0.40 0.51 0.16 0.22 0.32
Black White
Changes
AFM AASF AAVF AFM AASF AAVF
Men
AHDL-C -017 -018 -012 -0.21 -0.26 -0.17
ALDL-C 002  —-0.02 0.13 0.07 0.01 —-0.01
ATC 0.11 0.18 0.12 0.06 0.04 0.04
ATCHDL-C  —-006 —-018 -012 -0.06 -0.04 -0.04
ATG 0.24 0.38 0.10 0.09 0.17 0.09
Women
AHDL-C -004 -008 —-0.13 0.01 —-0.03 0.05
ALDL-C 0.32 0.40 0.17 0.18 0.15 0.21
ATC 0.33 0.38 0.16 0.18 0.15 0.19
ATG/HDL-C =031 -0.33 016 -0.18 -0.16 -0.19
ATG 0.20 0.17 0.15 0.03 010  -0.03

Bold indicates P < 0.05 for Change scores; all Baseline correlations are significant at
the P < 0.05 level; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density
lipoprotein-cholesterol; TC, total cholesterol; TG, triglycerides.

Table 3 summarizes the results of the canonical correla
tion analyses for baseline values and for change scores
consequent to 20 wk of exercisetraining. The strength of the
multivariate associations between both baseline and changes
in blood lipids and body fatness were similar in men and
women within the two racial groups. However, there was a
stronger relationship between both baseline and changes in
blood lipids and body fatnessin blacks compared with white
men and women. Overall, between 26% and 36% of the
variance in blood lipids at baseline was accounted for by
body fatness, whereas only 7-21% of the variance in
changes in blood lipids with training was accounted for by
changes in body fatness.

Figure 1 presents the correlations between individua
blood lipids and body fat measures and their respective
canonical variates. The pattern of loadings was similar
among races and sexes at baseline. A profile of low FM,
ASF, and AVF was associated with lower LDL-C, TG, TC,
TC/HDL-C, and higher HDL-C. In general, the variance in
baseline blood lipids accounted for by baseline adipose
stores was similar in men and women, but was higher in
blacks than whites. In men, body fatness accounted for 34%
and 26% of the variance in blood lipid profile in blacks and
whites, respectively. In women, the associated variances
were 36% and 26%, respectively.

Despite the baseline similarities, the multivariate rel ation-
ship between changes in blood lipids and body fathess
consequent to exercise training revealed a slightly different
pattern (Fig. 2). The patterns of loadings were similar be-
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TABLE 3. Results of canonical correlation analyses, controlling for age, between
blood lipids and body fatness at baseline and changes induced by exercise training.

I r.2 EV F P
Baseline
Black men 0.59 0.34 0.53 2.90 <0.001
Black women 0.60 0.36 0.56 3.54 <0.001
White men 0.51 0.26 0.35 4,68 <0.001
White women 0.51 0.26 0.35 5.80 <0.001
Changes
Black men 0.46 0.21 0.26 1.63 0.07
Black women 0.46 0.21 0.26 2.77 <0.001
White men 0.32 0.10 0.12 1.95 0.02
White women 0.26 0.07 0.07 1.23 0.24

r,, canonical correlation; r,%, squared canonical correlation; EV, eigenvalue.

tween black and white men consequent to exercise training;
however, the strength of the relationship between individual
factor contributions differed for individual components. In
women, changesin HDL-C and TG contributed very littleto
the blood lipid variates compared with men, particularly in
white women. The change in AVF was not as strongly
associated with changes in lipids in black, by comparison
with white (Fig. 2) men and women.

DISCUSSION

The purpose of this study was to extend earlier results
from this cohort demonstrating that exercise-induced
changes in blood lipids are associated with changes in fat
mass more so than with changes in aerobic fitness per se
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FIGURE 1—Loadings on first canonical variates for baseline blood
lipid parameters and measures of body fatness in blacks and whites.
Theblood lipid variateisrepresented by HDL-C, TC, LDL-C, TG, and
TC/HDL-C, and the body fatness variate by FM, ASF, and AVF.
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FIGURE 2—L oadings on first canonical variates for changesin blood
lipids and changes in body fatness consequent to 20 wk of exercise
training in blacks and whites. Theblood lipid variateisrepresented by
HDL-C, TC, LDL-C, TG, and TC/HDL-C, and the body fatness vari-
ate by FM, ASF, and AVF.

(13). The results from the HERITAGE Family Study are
consistent with those of two randomized controlled trias
comparing the blood lipid responses of dieters and exercis-
ers (28,30). In the first study, there were significant corre-
lations between changes in both body weight and fat mass
and changesin HDL-C, HDL ,-C, and HDL ;-C in exercisers
and dieters during a 1-yr intervention (30). In the second
study, changes in BMI were significantly correlated with
changes in HDL,-C, small LDL, and LDL peak flotation
rate in both dieters and exercisers (28).

To date, few studies have examined the independence of
exercise training with and without weight loss on changesin
blood lipids in a randomized controlled setting. One such
study compared exercise-induced weight loss, exercise
without weight loss, and weight loss without exercise over
12 wk (25). There were no independent effects of weight
loss or exercise on TC, LDL-C, or TG. Exercise and weight
loss separately and independently increased HDL-C, and
their effects were additive. Only weight loss was found to
have a significant effect on the TC/HDL-C ratio. Two ear-
lier meta-analyses have also explored the independence of
exercise and weight loss on cardiovascular risk factors
(18,26). Inthefirst, analysis of studies with participants that
did not lose body weight in response to training demon-
strated smaller reductions in LDL-C and TC in comparison
with those in studies reporting exercise-induced weight loss
(26). In the second meta-analysis, exercise weight stable
studies demonstrated little change in TC, by comparison
with an average reduction of 0.34 mmol-L % in those with
exercise-induced weight lossin women (18). This study also
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reported positive correlations between changes in body
weight and changes in TC and TG (18).

The results of the current study indicate that total fat loss
as well as fat loss in the ASF and AVF depots are all
associated with improvements in the blood lipid profile as
there appear to be no substantive differences in the relation
of FM, ASF, and AVF and blood lipids by partial correlation
(Table 2). However, a previous HERITAGE study that
demonstrated a positive association between percent change
in HDL-C and changes in body mass, FM, and AVF was
marked by great heterogeneity in individua HDL-C re-
sponse (15). It isalso of interest that changein AVF wasless
of acontributor to the relationship between changesin blood
lipids and body fatness in blacks compared with whites once
FM and ASF were accounted for (Fig. 2); this highlights the
importance of race in the current debate on the role of
central obesity in the development of metabolic abnormal-
ities (9), including the potential influence of race on plasma
lipids and lipoproteins.

The tighter coupling between blood lipids and body fat-
ness in blacks, both at baseline and in response to training,
suggests that exercise programs that are designed to induce
weight loss may be particularly effective at improving the
average blood lipid profile in blacks. The exercise-training
regimen of the HERITAGE Family Study was designed to
increase cardiorespiratory fitness rather than to decrease
body fat. The intervention was successful in accomplishing
this, asthe average increase in VOZmaX was 17.5%, whereas
the average decrease in FM was 3.3% (13). Although the
mean change in FM was not large, there was great hetero-
geneity in response. Theintent of thistrial was not to induce
weight loss; however, the improvement in the risk factor
profile was associated with changes in body fat. By design,
the HERITAGE Family Study did not include a control
group, rather the subjects acted as their own controls. Given
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